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conditions,  it  is  desirable  to  have  a  more  direct  method  for 
analysis  of  the  linoleic  and  linolenic  acid  content  of  fats. 

Prolonged  heating  of  fats  during  saponification  has  been 
observed  by  Moore  (9)  to  cause  nonconjugated  double  bonds 
in  fatty  acids  to  become  conjugated  and  thereby  to  absorb 
radiation  in  the  ultraviolet  region.  Kass  et  al.  (5)  and  Miller  and 
Burr  (7)  reported  that  it  is  possible  to  measure  quantitatively, 
by  spectral  absorption,  the  amount  of  linoleic  acid  in  vege¬ 
table  oils  after  heating  them  with  a  1  to  4  solution  of  potassium 
hydroxide  in  ethylene  glycol.  The  acids  affected  by  this 
treatment  are  the  unsaturated  ones  containing  more  than  one 
double  bond.  In  many  fats  the  unsaturated  acids  consist 
chiefly  of  oleic,  linoleic,  and  linolenic  acids. 

Isomerization  by  alkali  has  been  studied  and  made  the 
basis  for  the  method  of  analysis  described  in  this  paper. 


Experimental  Procedure 

The  absorption  data  were  obtained  from  measurements  made 
with  a  photoelectric  spectrophotometer  (2,  8) ,  employing  a  Hilger 
double  monochromator  with  crystal  quartz  optics.  As  a  source 
of  ultraviolet  radiation,  a  Munch  (10)  hydrogen  discharge  tube 
with  a  fused  quartz  window  was  used.  In  the  discussion  of  the 
results,  the  term  “specific  alpha”  will  be  used: 


where 


Specific  a 


a  =  absorption  coefficient 

h  —  intensity  of  radiation  transmitted  by  the  solvent 
7  =  intensity  of  radiation  transmitted  by  the  solution 
c  =  concentration  of  solute  in  grams  per  1000  ml. 

I  =  length  in  centimeters  of  solution  through  which  the 
radiation  passes 
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.  in  the  rate  of  isomerization. 
Another  difficulty  was  encountered  because  the  boiling  point 
of  ethylene  glycol-potassium  hydroxide  solution  varies  with 
the  amount  of  water  derived  from  the  potassium  hydroxide. 
The  analytical  reagent  grade  of  this  alkali  contains  about  10 
per  cent  water.  The  temperature  of  reflux  varies  with  the 
type  of  condenser  used. 


To  overcome  the  latter  difficulty,  samples  were  heated  at  a 
temperature  below  the  boiling  point.  It  was  found  that  a  much 
weaker  solution  of  alkaline  glycol  than  the  1  to  4  solution  previ¬ 
ously  used  would  serve  for  the  isomerization.  A  concentration  of 
7.5  grams  of  potassium  hydroxide,  assaying  85  per  cent  potassium 
hydroxide,  per  100  ml.  of  ethylene  glycol,  was  adopted.  This 
solution  was  1.3  N  with  respect  to  potassium  hydroxide.  In 
preparation  of  the  reagent,  the  alkaline  glycol  solution  was 
boiled  in  an  Erlenmeyer  flask  until  the  temperature  reached 
190°  C.  This  removed  most  of  the  water,  and  thus  it  was  possible 
to  maintain  a  constant  temperature  of  180°  C.  while  heating 
the  samples. 

The  oil  bath  for  heating  the  samples  was  maintained  at  180  =*= 
0.1°  C. 

It  wras  possible  to  simplify  the  method  and  to  obtain  con¬ 
sistent  results  by  making  absorption  measurements  directly 
on  the  soap  solution,  using  a  blank  solution  in  the  solvent  cell. 
Thus  the  troublesome  procedure  of  freeing  the  fatty  acids  and 
extracting  them  was  found  unnecessary. 

A  high  dilution  of  the  original  reaction  mixture  is  required 
before  spectroscopic  readings  are  taken.  Ethanol  is  very 
suitable  for  this  purpose,  since  the  soaps  are  completely  soluble 
in  this  solvent  and  do  not  foam  when  the  solution  is  shaken. 
Ethanol  is  easily  purified  for  optical  use  by  distillation  over 
potassium  hydroxide  and  zinc  dust. 
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Quantitative  Spectral  Analysis  of  Fats 
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Research  Laboratory,  American  Meat  Institute,  University  of  Chicago,  Chicago,  Ill.,  and  Purdue  University  Agricultural 

Experiment  Station,  Lafayette,  Ind. 


THE  Kaufmann  ( 6 )  method  of  analysis  for  oleic,  linoleic, 
and  linolenic  acids  in  some  fats  is  based  on  determinations 
of  the  iodine  number,  thiocyanogen  number,  and  saturated 
acid  content  of  the  mixed  fatty  acids.  The  analysis  for  the 
saturated  acids  alone  involves  an  iodine  number  determina¬ 
tion  of  the  separated  “solid”  acids  and,  depending  upon  the 
method  used,  may  also  involve  a  thiocyanogen  number  deter¬ 
mination  in  order  to  correct  for  the  unsaturated  acids  which 
are  not  completely  separated  from  the  solid  acids. 

Until  recently,  analyses  of  fats  made  by  the  Kaufmann 
method  were  in  error,  because  theoretical  values  were  used 
for  the  thiocyanogen  numbers  of  linoleic  and  linolenic  acids. 
Waterman  et  al.  {15),  Riemenschneider  and  Wheeler  {12),  and 
Kass  et  al.  {3,  4),  however,  found  the  values  for  linoleic  and 
linolenic  acids  to  be  empirical.  Although  thiocyanogen  num¬ 
bers  are  reliable  when  determined  under  carefully  controlled 
conditions,  it  is  desirable  to  have  a  more  direct  method  for 
analysis  of  the  linoleic  and  linolenic  acid  content  of  fats. 

Prolonged  heating  of  fats  during  saponification  has  been 
observed  by  Moore  {9)  to  cause  nonconjugated  double  bonds 
in  fatty  acids  to  become  conjugated  and  thereby  to  absorb 
radiation  in  the  ultraviolet  region.  Kass  et  al.  {5)  and  Miller  and 
Burr  (7)  reported  that  it  is  possible  to  measure  quantitatively, 
by  spectral  absorption,  the  amount  of  linoleic  acid  in  vege¬ 
table  oils  after  heating  them  with  a  1  to  4  solution  of  potassium 
hydroxide  in  ethylene  glycol.  The  acids  affected  by  this 
treatment  are  the  unsaturated  ones  containing  more  than  one 
double  bond.  In  many  fats  the  unsaturated  acids  consist 
chiefly  of  oleic,  linoleic,  and  linolenic  acids. 

Isomerization  by  alkali  has  been  studied  and  made  the 
basis  for  the  method  of  analysis  described  in  this  paper. 

Experimental  Procedure 

The  absorption  data  were  obtained  from  measurements  made 
with  a  photoelectric  spectrophotometer  {2,  8),  employing  a  Hilger 
double  monochromator  with  crystal  quartz  optics.  As  a  source 
of  ultraviolet  radiation,  a  Munch  {10)  hydrogen  discharge  tube 
with  a  fused  quartz  window  was  used.  In  the  discussion  of  the 
results,  the  term  “specific  alpha”  will  be  used: 


where  a  =  absorption  coefficient 

/o  =  intensity  of  radiation  transmitted  by  the  solvent 
I  =  intensity  of  radiation  transmitted  by  the  solution 
c  =  concentration  of  solute  in  grams  per  1000  ml. 

I  =  length  in  centimeters  of  solution  through  which  the 
radiation  passes 


The  first  procedure  tried  in  carrying  out  the  isomerization  was 
to  reflux  a  weighed  sample  of  fat  in  a  1  to  4  solution  of  potassium 
hydroxide  in  ethylene  glycol  for  25  minutes,  then  free  the  fatty 
acids  with  hydrochloric  acid  and  extract  them  with  ether. 

Consistent  results  were  not  obtained  by  this  method,  and 
difficulty  was  experienced  with  emulsions  in  some  cases. 
During  heating  of  ethylene  glycol  and  potassium  hydroxide 
alone  as  a  blank  a  substance  which  absorbs  ultraviolet  radia¬ 
tion  is  dissolved  from  the  glass  vessel  or  is  formed  from  the 
reagents,  and  is  extracted  during  the  ether  extraction.  This, 
together  with  the  fact  that  some  oxidation  of  the  easily  oxi¬ 
dized  conjugated  double  bonds  may  occur  during  the  manipu¬ 
lation,  probably  accounts  in  part  for  the  inability  to  obtain 
consistent  results  by  this  procedure. 

Temperature  is  important  in  the  rate  of  isomerization. 
Another  difficulty  was  encountered  because  the  boiling  point 
of  ethylene  glycol-potassium  hydroxide  solution  varies  with 
the  amount  of  water  derived  from  the  potassium  hydroxide. 
The  analytical  reagent  grade  of  this  alkali  contains  about  10 
per  cent  water.  The  temperature  of  reflux  varies  with  the 
type  of  condenser  used. 

To  overcome  the  latter  difficulty,  samples  were  heated  at  a 
temperature  below  the  boiling  point.  It  was  found  that  a  much 
weaker  solution  of  alkaline  glycol  than  the  1  to  4  solution  previ¬ 
ously  used  would  serve  for  the  isomerization.  A  concentration  of 
7.5  grams  of  potassium  hydroxide,  assaying  85  per  cent  potassium 
hydroxide,  per  100  ml.  of  ethylene  glycol,  was  adopted.  This 
solution  was  1.3  A  with  respect  to  potassium  hydroxide.  In 
preparation  of  the  reagent,  the  alkaline  glycol  solution  was 
boiled  in  an  Erlenmeyer  flask  until  the  temperature  reached 
190°  C.  This  removed  most  of  the  water,  and  thus  it  was  possible 
to  maintain  a  constant  temperature  of  180°  C.  while  heating 
the  samples. 

The  oil  bath  for  heating  the  samples  was  maintained  at  180  ± 
0.1°  C. 

It  was  possible  to  simplify  the  method  and  to  obtain  con¬ 
sistent  results  by  making  absorption  measurements  directly 
on  the  soap  solution,  using  a  blank  solution  in  the  solvent  cell. 
Thus  the  troublesome  procedure  of  freeing  the  fatty  acids  and 
extracting  them  was  found  unnecessary. 

A  high  dilution  of  the  original  reaction  mixture  is  required 
before  spectroscopic  readings  are  taken.  Ethanol  is  very 
suitable  for  this  purpose,  since  the  soaps  are  completely  soluble 
in  this  solvent  and  do  not  foam  when  the  solution  is  shaken. 
Ethanol  is  easily  purified  for  optical  use  by  distillation  over 
potassium  hydroxide  and  zinc  dust. 
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Figure  1.  Absorption  Spectra  of 
Potassium  Linoleate  and  Potassium 
Linolenate  Formed  by  Alkali 
Treatment  of  Ethyl  Esters 


Figure  2.  Effect  of  Time  of  Heat¬ 
ing  at  180°  with  Alkali  on  Specific 
Absorption  Coefficients  of  Lin- 
oleic  AND  LlNOLENIC  ACIDS 


Only  one  band  is  present  in  the 
isomerized  linoleic  acid  and  it  is  due 
to  diene  conjugation.  The  specific 
alpha  value  at  2340  A.  is  87.1.  The 
band  with  a  maximum  of  53.7  at 

o 

2680  A.  is  due  to  triene  conjugation, 
while  the  maximum  of  60.0  at  2340  A. 
in  this  same  curve  is  due  to  diene 
conjugation  in  the  isomerized  lino- 
lenic  acid.  The  reproducibility  of 
these  values  is  illustrated  in  Table  I. 
The  determinations  were  made  at 
several  different  times  and  with 
alkaline  glycol  which  was  made  up 
fresh  each  time. 

In  analysis,  theo  intensity  of  ab¬ 
sorption  at  2680  A.  is  a  measure  of 
the  amount  of  linolenic  acid  present, 
while  othe  intensity  of  absorption  at 
2340  A.  is  a  measure  of  both  lirifeleic 
and  linolenic  acids.  In  case  both 
acids  are  present,  a  correction  is 
made  for  the  absorption  at  2340  A. 
which  is  due  to  diene  conjugation 
resulting  from  the  linolenic  acid. 


Method 

Weigh  out  accurately  about  0.1  gram  of  fat  or  fatty  acids  into  a 
small  vial  of  the  type  used  for  iodine  number  determinations. 
Add  10  ml.  of  the  alkaline  glycol  reagent,  with  a  pipet,  to  a  15  X  2.5 
cm.  (6  inch  X  1  inch)  test  tube  and  place  in  an  oil  bath  at  180°  C. 
Cover  the  tube  with  a  loosely  fitting  glass  top.  The  tubes 
should  always  be  immersed  in  the  bath  to  a  constant  depth. 
When  the  temperature  of  the  reagent  in  the  test  tube  has  reached 
180°  C.,  drop  in  the  vial  containing  the  fat  sample.  Swirl  the 
tube  three  times  at  1-minute  intervals  to  mix  the  fat  with  the 
glycol  solution. 

At  the  end  of  25  minutes  remove  the  tube  and  cool  rapidly 
under  the  tap.  Transfer  the  contents  of  the  tube  quantitatively 
to  a  250-ml.  volumetric  flask,  using  ethanol  to  wash  out  the  tube, 
and  dilute  to  volume  with  99  per  cent  ethanol. 

Allow  the  samples  to  stand  in  a  refrigerator  for  5  or  6  hours,  or 
overnight.  At  the  end  of  this  time,  material  removed  from  the 
glass  by  the  hot  alkaline  solution  will  have  precipitated.  Bring 
the  solution  in  the  volumetric  flask  to  room  temperature  and  filter 
a  portion  of  the  solution.  Make  proper  dilutions  for  absorption 
measurements  using  99  per  cent  ethanol. 

It  is  necessary  to  carry  a  blank  solution,  consisting  of  alkaline 
glycol,  throughout  the  whole  of  the  procedure,  including  dilu¬ 
tions,  for  use  in  the  solvent  cell. 

Preparation  of  Standards 

Linoleic  and  linolenic  acids  were  prepared  by  bromination  (IS, 
14)  and  debromination  (11)  of  the  mixed  acids  of  corn  oil  and  lin¬ 
seed  oil,  respectively. 

The  tetrabromide,  after  several  recrystallizations  from  petrol¬ 
eum  ether,  had  a  melting  point,  obtained  with  a  total  immersion 
thermometer,  of  115.5°  C.  The  ethyl  linoleate  prepared  by  de¬ 
bromination  of  this  product  with  zinc  and  7.5  N  anhydrous 
ethanolic  hydrochloric  acid  had  an  iodine  number  of  163.8;  theory 
164.4. 

The  hexabromide,  after  several  recrystallizations  from  xylene, 
had  a  melting  point,  obtained  with  a  total  immersion  thermom¬ 
eter,  of  185.5°  C.  The  ethyl  linolenate  obtained  by  de¬ 
bromination  with  zinc  and  7.5  N  anhydrous  ethanolic  hydro¬ 
chloric  acid  had  an  iodine  number  of  247.1;  theory  248.8. 

In  obtaining  standard  absorption  values  for  these  acids,  the 
esters  were  weighed  and  a  conversion  was  made  by  a  factor  to 
obtain  the  equivalent  weight  of  acid.  Samples  of  approximately 
0.1  gram  were  used  and  treated  as  outlined  previously. 

Results  and  Discussions 

Figure  1  shows  the  absorption  curves  obtained  for  the  po¬ 
tassium  soaps  of  linoleic  and  linolenic  acids  after  the  alkali 
isomerization. 


Figure  3.  Relationship  of  Specific  Alpha 
Values  at  2340  A.  after  Isomerization  to  Per 
Cent  Linoleic  Acid  in  Linoleic-Linolenic 
Acid  Mixture 

The  effect  of  time  on  the  course  of  the  reaction  was  studied 
with  both  linoleic  and  linolenic  acids.  The  absorption  rises 
rapidly  at  first  (Figure  2),  indicating  rapid  conversion  of  the 
double  bonds  too  conjugated  positions.  The  maximum  ab¬ 
sorption  at  2340  A  and  2680  A.  is  reached  at  the  end  of  about  15 
minutes  with  linolenic  acid  and  then  begins  to  drop  gradually. 
The  absorption  of  linoleic  acid  continues  to  rise  slowly  with 


Table  I.  Standard 

Values  for  Use  in  Analysis 

For  Linoleic  Acid 

(Isomerized), 

For  Linolenic  Acid  (Isomerized) 

Specific  a 

Specific  a 

Specific  a 

at  2340  A. 

at  2340  A. 

at  2680  A. 

87.1 

60.1 

53.7 

86.9 

60.1 

53.6 

87.2 

60.1 

53 . 6 

87.1 

59.7 

54.0 

Av.  87.1 

60.0 

53.7 

January  15,  1943 


ANALYTICAL  EDITION 


3 


Table  II.  Analyses  of  Linoleic-Linolenic  Mixtures  by  Spectroscopic  Method 


The  alpha  values  at  2340  A., 
after  correction  for  the  ab- 


Observed  Difference 


Alpha, 

2680  A- 

Linolenic 
Found  Added 

in 

Composition 

Error 

L./g.  cm. 

% 

% 

% 

% 

7.42 

13.8 

13.4 

+  0.4 

+  2.99 

14.8 

27.6 

28.0 

-0.4 

-1.43 

27.4 

51.0 

51.1 

-0.1 

-0.20 

31.8 

59.2 

58.3 

+0.9 

+  1.54 

44.0 

81.9 

81.5 

+  0.4 

+  0.49 

Av.  ±1.33 

°  Corrected  for  the  absorption  of  linolenic  acid  at  2340  A. 


Difference 


Alpha 
2340  A-“ 

Linoleic 

Found  Added 

in 

Composition 

Error 

L./g.  cm. 

% 

% 

% 

% 

76.1 

87.4 

86.6 

+  0.8 

+  0  92 

62.2 

71.4 

72.0 

-0.6 

-0.83 

42.2 

48.4 

48.9 

-0.5 

-1.02 

35.0 

40.2 

41.7 

-1.5 

-3.60 

15.7 

18.0 

18.5 

-0.5 

-2.78 

Av.  ±1.83 


sorption  due  to  linoleic  acid, 
have  been  plotted  and  fall  on 
the  same  straight  line  with 
those  obtained  for  a  mixture 
of  stearic  and  linolenic  acids. 

The  actual  percentages  of 
linoleic  and  linolenic  acids 
which  were  added  to  the  mix¬ 
tures  and  the  percentages 


Table  III.  Comparison  of  Analyses  by  Spectroscopic  and  Kaufmann 

Methods 


Iodine  No. 

Linolenic 

Linoleic 

Oleic 

Saturated 

(Glyceride) 

Acid 

Acid 

Acid 

Acids 

Sample 

Wijs  Method 

s 

K 

s 

K 

S“ 

K 

Si- 

K 

% 

% 

% 

% 

% 

% 

% 

% 

Linseed 

179.7 

47.3 

46.8 

18.2 

22.4 

28.6 

22.8 

5.9 

8.5 

Soybean  1 

136.5 

9.88 

8.95 

53.2 

53.7 

21.6 

23.3 

15.4 

14.0 

Soybean  2 

134.3 

7.47 

8.03 

54.7 

53.5 

23.4 

23.9 

14.5 

14.5 

Soybean  3 

130.0 

5.23 

6.23 

56.2 

52.0 

21.8 

27.3 

16.8 

14.5 

Cottonseed 

110.1 

0.00 

0.00 

54.8 

54.2 

17.8 

18.9 

27.4 

26.9 

-  which  were  determined  by 

the  spectroscopic  method  are 
compared  in  Table  II.  Linolenic  acid  was  de¬ 
termined  with  a  percentage  error  of  ±1.33  and 
linoleic  acid  was  determined  with  a  percentage 
error  of  ±1.83. 

For  the  analysis  of  a  fat  (which  consists  chiefly 
of  saturated  acids,  oleic,  linoleic,  and  linolenic 
acids)  by  the  spectroscopic  method  it  is  necessary 
to  know  only  the  iodine  number  of  the  oil  before 


I  No.  of  mixed  acids  —  (%  linolenic)  (I  No.  of  linolenic)  —  (%  linoleic)  X  ISOmeriZatlOn  in  addition  to  the  amount  of  linO- 

o  %  oleic  acid  = - (i  No.  of  linoleic) -  [ejc  anc[  linolenic  acids  in  order  to  calculate  the 

percentage  of  oleic  acid.  The  saturated  acids  are 


&  %  saturated  acids  =  100%  —  %  unsaturated  acids. 


then  obtained  by  difference.  Several  samples 
of  soybean  oil,  linseed  oil,  and  cottonseed  oil 


time.  The  change  is  not  critical  at  the  end  of  25  minutes,  and 


were  analyzed  by  both  the  Kaufmann  and 
the  spectroscopic  methods.  The  results  are 
compared  in  Table  III. 


this  period  was  used  in  the  method  of  analysis. 


The  saturated  acids  in  the  Kaufmann  method  were  deter- 


Known  mixtures  of  linoleic  and  linolenic  acids  were  made  up 
and  analyzed  by  the  spectroscopic  method.  The  alpha  values 
at  2340  A.  fall  on  a  straight  line  (Figure  3)  when  plotted 


mined  by  crystallization  from  acetone  at  —40°  C.  (I). 
Conclusions 


against  the  percentage  of  linoleic  acid.  The  top  line  repre¬ 
sents  the  total  alpha  values  at  2340  A.  due  to  both  linoleic 
and  linolenic  acids  together,  while  the  lower  line  represents 
the  alpha  values  after  correction  for  the  linolenic  acid  which 
was  determined  by  the  absorption  band  at  2680  A. 

The  alpha  values  at  2680  A.  for  various  mixtures  of  lino¬ 
leic  and  linolenic  acids  have  been  plotted  (Figure  4)  against 
the  percentage  of  linolenic  acid.  These  values  fall  on  the 
same  straight  line  with  those  obtained  for  a  mixture  of  stearic 
and  linolenic  acids.  It  is  obvious  that  neither  the  saturated 
acids  nor  linoleic  acid  interfere  with  the  determination  of 
linolenic  acid. 


A  spectroscopic  method  is  described  for  direct  determina¬ 
tion  of  the  linoleic  and  linolenic  acid  content  of  a  fat.  These 
acids  can  be  determined  very  simply  and  as  accurately  as 
standard  values  for  the  pure  acids  can  be  obtained,  when  the 
fats  do  not  contain  other  acids  with  two  or  more  double  bonds. 
Making  use  of  the  iodine  number,  the  oleic  acid  content  can 
be  obtained;  the  saturated  acids  are  then  obtained  by  dif¬ 
ference.  Thus  an  analysis  can  be  obtained  on  many  fats 
(those  containing  chiefly  saturated  acids,  oleic,  linoleic,  and 
linolenic  acids)  with  as  little  as  0.2  gram  of  sample. 

The  method  is  more  rapid  than  the  Kaufmann  method  and 
involves  fewer  determinations. 


Figure  4.o  Relationship  of  Specific  Alpha 
at  2340  A.  and  2680  A.  to  Per  Cent  Lin¬ 
olenic  Acid  in  Linolenic-Linoleic  and 
Linolenic-Stearic  Mixtures 
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Analysis  for  Potassium  by  Its  Natural 

Radioactivity 

R.  BOWLING  BARNES  AND  D.  J.  SALLEY 
American  Cyanamid  Company,  Stamford,  Conn. 


PRESENT-day  knowledge  of  nuclear  physics  suggests 
that  radioactive  isotopes  of  all  the  elements  probably 
existed  when  the  earth  was  formed.  However,  only  members 
of  the  uranium-radium,  uranium-actinium,  and  thorium  series 
and  the  elements  potassium,  rubidium,  and  samarium  still 
show  appreciable  natural  radioactivity.  (There  is  also  some 
evidence  that  lutecium  and  neodymium  have  weak  activity, 
8.)  The  survival  of  these  is  explained  by  the  fact  that  they 
have  half-lives  of  the  order  of  109  years,  which  is  so  long  that 
they  exist  yet  in  detectable  quantities.  All  the  rest  of  the 
radio-isotopes  originally  present  must  have  had  comparatively 
short  life  periods  and  consequently  have  completely  decayed 
during  the  ages,  or  else  they  decay  so  slowly  that  they  cannot 
be  detected  readily.  Evidence  of  this  is  the  fact  that  the 
three  hundred  or  more  radio-isotopes  already  produced  arti¬ 
ficially  have  half-life  periods  ranging  from  a  few  seconds  to 
only  a  few  years.  Only  two,  B10  and  C14,  have  half-lives 
greater  than  103  years,  and  even  such  periods  seem  short  in 
comparison  with  geologic  time. 

One  of  the  pieces  of  evidence  which  proved  that  potassium 
was  naturally  radioactive  was  the  observation  that  the  activ¬ 
ity  of  a  given  sample  is  directly  proportional  to  its  potassium 
content  ( 6 ).  Apparently,  however,  no  attempt  was  made  to 
apply  this  to  the  quantitative  analysis  of  materials  for  their 
potassium  content.  [Since  this  work  was  completed,  Fenn, 
Bale,  and  Mullins  (5)  have  described  determinations  of  the 
radioactivity  of  potassium  from  bone  ash  with  a  dipping  coun¬ 
ter  tube.  However,  these  authors  did  not  attempt  to  de¬ 
velop  a  procedure  for  routine  potassium  analyses.]  Such  an 
application,  were  it  possible  to  carry  out  simply,  would  appear 
to  be  of  great  value,  since  the  determination  of  potassium  in 
the  presence  of  other  alkalies  and  certain  anions  is  a  difficult 
and  time-consuming  procedure.  Accordingly,  the  work  re¬ 
corded  here  was  undertaken  in  order  to  establish  a  rapid 
method  of  analysis  for  potassium,  based  on  its  natural  radio¬ 
activity,  which  would  be  free  from  interference  by  other 
elements  and  would  lend  itself  to  routine  operation.  The 
experiments  described  here  show  the  practical  nature  of  this 
method,  and  indicate  as  well  the  various  factors  affecting  such 
a  determination. 

Three  of  the  questions  which  bear  on  the  subject  may  be 
briefly  disposed  of  here.  (1)  One  concerns  the  possible  in¬ 
terference  by  the  other  natural  radio-elements.  Of  these 
rubidium  causes  no  concern,  for  it  is  very  rare  in  occurrence 
and  emits  a  soft  beta-ray,  only  one  third  as  energetic  as  that 
of  potassium,  and  no  gamma-ray.  Samarium  too  is  very 
rare,  and  furthermore,  since  it  is  an  alpha-emitter,  it  would  not 
be  counted  in  the  tube  employed.  However,  the  members  of 
the  uranium  or  of  the  thorium  series  would,  if  present,  in¬ 
validate  the  potassium  analysis  by  their  radioactivity. 
Since  these  elements  are  met  only  rarely,  they  do  not  seriously 
restrict  the  application  of  the  method,  and,  even  if  present, 
they  can  be  removed  comparatively  easily  by  standard  pro¬ 
cedures. 

(2)  A  second  factor  has  to  do  with  the  natural  rate  of  de¬ 
cay  of  the  potassium.  The  well-known  law  for  radioactive 
disintegration  is 


where  Ar  is  the  number  of  radioactive  atoms  at  time  t,  N0  is 
the  number  initially  present,  and  X  is  the  decay  constant. 
For  potassium  X  =  1.56  X  10-17  sec.-1  which  in  terms  of  half- 
life  is  1.4  X  109  years  ( 1 ).  Consequently,  no  detectable 
change  would  occur  in  activity  of  the  potassium  in  the  time 
required  for  analysis. 

(3)  The  naturally  occurring  activity  of  potassium  is  due 
to  the  isotope  of  mass  number  40  {18).  Isotopes  39  and  41 
are  stable,  and  the  abundance  of  masses  39,  40,  and  41  are 
93.3,  0.012,  and  6.7  per  cent,  respectively  {2,  9).  The  ana¬ 
lytical  method  developed  here  depends,  consequently,  on  the 
assumption  that  no  isotopic  separation  occurred  during  any 
of  the  ordinary  processes  to  which  the  sample  may  have  been 
subjected.  This  assumption  seems  reasonable,  for  the  appre¬ 
ciable  separation  of  isotopes  of  such  high  atomic  weight  by 
the  usual  chemical  and  physical  procedures  is  negligible. 
Moreover,  the  constancy  of  the  ratio  of  the  potassium  isotopes 
in  mineral  matter  has  been  fairly  well  established.  Smythe 
{12)  and  Brewer  (3)  have  shown  that  there  is  no  variation 
either  in  the  K39/K4)  or  in  the  K39/'K41  ratio  in  various  rocks, 
in  sea  water,  and  in  commercial  potassium.  A  slight  separa¬ 
tion  seems  to  be  discernable  in  plant  and  animal  specimens, 
but  the  amount  and  the  direction  of  the  isotopic  shift  are 
variable  {4,  5).  Such  small  changes  would  be  completely 
unimportant  for  the  purposes  at  hand. 

Experimen  tal 

The  apparatus  used  for  the  preliminary  experimental  work 
consisted  of  a  small  Geiger  counter  tube  in  a  lead  shield,  an 
amplifying  and  recording  circuit,  and  a  glass  cell  for  the  solutions. 
The  Geiger  tube  was  of  thin-walled  glass  about  1.5  cm.  in  outside 
diameter  and  15  cm.  long,  silvered  on  the  inside  wall.  It  was 
filled  to  about  100-mm.  pressure  with  a  ‘'fast”  counting  gas 
consisting  of  90  per  cent  argon  and  10  per  cent  alcohol.  The 
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Figure  2 

{Left)  Large  counter  tube.  (Right)  Large  counter  tube  and  circuit 


Table  I.  That  the  method  has  practical  possibilities 
is  obvious  from  the  agreement  of  the  known  and  calcu¬ 
lated  values. 

The  observation  that  the  count  was  directly  pro¬ 
portional  to  the  concentration  of  potassium  was  to  be 
expected  from  the  original  work  on  the  activity  of 
potassium.  Of  great  importance  for  the  purpose  at 
hand  was  the  fact  brought  out  in  Table  I,  that  the 
nature  of  the  accompanying  anion  or  of  added  salts 
had  such  a  small  effect  on  the  counting  rate  that  no  in¬ 
terference  was  apparent ‘with  this  apparatus.  While 
these  results,  therefore,  showed  the  feasibility  of  per¬ 
forming  potassium  analyses  by  a  radioactive  method, 
the  procedure  was  unsatisfactory  because  of  the  low 
sensitivity  of  the  counter  tube.  Even  for  rather  con¬ 
centrated  solutions,  the  observed  count  was  only  15 
to  60  counts  per  minute  above  the  background.  Con¬ 
sequently,  excessively  long  times  were  required  for  any 
reasonable  accuracy  and  samples  of  low  concentration 
could  not  be  determined  successfully. 

In  order  to  show  how  sensitivity,  accuracy,  and 
time  of  analysis  are  interrelated,  a  short  discussion 
may  be  inserted  at  this  point. 

The  disintegration  of  a  radioactive  substance  is  a  random 
process  subject  to  statistical  laws  which  can  be  deduced 
from  probability  considerations.  Thus,  in  order  to  meas¬ 
ure  the  activity  of  a  material  with  absolute  accuracy,  a 
count  of  the  number  of  particles  disintegrating  in  an 
infinitely  long  time  would  be  required.  However,  it  may 
be  shown  that  the  probable  error  in  a  single  set  of  counts 
for  a  given  time  interval  is  0.67  of  the  square  root  of  the 
number  of  counts  observed.  For  example,  if  10,000  counts 
have  been  made,  the  probable  error  in  this  measurement 
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amplifier  and  scaling  circuit  was  of  conventional  type  with  a 
simple  circuit  as  the  first  stage.  The  cell  for  the  solutions  was  a 
thin-walled  annular  glass  vessel  which  fitted  closely  around  the 
counter  tube,  and  held  about  20  cc.  of  solution. 

The  procedure  adopted  was  to  prepare  solutions  of  known  con¬ 
centrations  of  various  p.otassium  salts,  alone  and  mixed  with 
other  salts,  and  to  make  a  2-hour  count  on  each.  Background 
counts  were  taken  for  the  same  length  of  time  with  distilled  water 
in  the  cell.  (The  background  throughout  these  experiments 
remained  very  constant  and  was  about  25  counts  per  minute.) 

The  data  obtained  for  all  the  solutions  measured  are  as¬ 
sembled  in  Table  I.  Examination  of  the  data  for  1,  2,  3,  and 
4  A"  potassium  chloride  solution  indicates  that  the  net  count 
was  directly  proportional  to  the  concentration.  This  is  shown 
graphically  in  Figure  1,  in  which  the  best  straight  line  is 
drawn  through  the  points.  For  all  the  other  solutions, 
therefore,  the  normality  corresponding  to  an  observed  count 
could  be  read  directly  from  the  graph ;  these  are  the  so-called 
"calculated  normality”  figures  recorded  in  the  last  column  of 


is  0.67  \/l0,000  or  67  counts,  and  the  relative  accuracy 
would  be  ±0.67  per  cent.  For  a  relative  accuracy  of 
±  1  per  cent  it  would  be  necessary  to  count  approximately  4500 
emissions.  The  following  table  indicates  the  relationship  be¬ 
tween  the  probable  error  and  minimum  number  of  counts  re¬ 
quired  for  the  stated  accuracy : 

Probable  Error,  %  Total  Count  Required 


10 

45 

5 

180 

3 

450 

1 

4,500 

0. 5 

18.000 

0.1 

450,000 

The  presence  of  the  background  count  introduces  an  addi¬ 
tional  source  of  error.  Whenever  the  number  of  counts  from  a 
sample  is  so  small  that  it  approaches  the  background  count,  it  is 
then  necessary  to  count  from  five  to  ten  times  as  many  disinte¬ 
grations  to  obtain  a  desired  precision  for  the  measurement.  A 
further  discussion  of  these  points  may  be  obtained  from  Rasetti 
(11)  or  from  Strong  (H). 

The  foregoing  paragraph  makes  it  clear  that  a  more  sensi¬ 
tive  tube  would  extend  the  over-all  accuracy  of  the  method  or 
decrease  the  time  required  for  performing  an  analysis  of  a 
given  accuracy.  Inasmuch  as  this  sensitivity  of  a  counter 
tube  is  a  function  of  its  geometry  and  size,  a  new  tube  was  de¬ 
signed  to  accomplish  this. 

Although  similar  to  the  first  type  in  that  it  tvas  of  thin-walled 
glass  silvered  on  the  inside,  it  was  considerably  larger  and  had  an 
outer  jacket  built  around  the  counter  tube  proper.  The  annular 
space  so  formed  held  the  solution  to  be  counted,  and  could  be 
filled  by  sucking  liquid  up  through  a  lower  inlet.  With  this 
design  only  one  thin  glass  wall  was  interposed  between  the  solu¬ 
tion  and  counter  interior.  Tubes  similar  in  principle  but  smaller 
in  size  have  already  been  described  (7, 10).  The  tube  is  shown  in 
Figure  2;  on  the  right  it  is  shown  in  place  in  its  lead  shield  and 
with  the  amplifying  circuit  connected.  The  diameter  of  the 
inner  tube  is  about  2.4  cm.,  the  outer  tube  or  jacket  is  3.5  cm., 
and  the  spacing  between  the  walls  of  jacket  and  inner  tube  is 
about  4  mm.  The  jacketed  portion  of  the  tube  is  about  45  cm. 
long,  and  the  volume  of  the  jacketed  space  is  about  200  cc.  The 
counter  gas  used  is  the  usual  90-10  argon-alcohol  mixture  at  a 
total  pressure  of  100  mm.,  and  the  tube  is  operated  on  the  con- 
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ventional  simple  circuit.  It  showed  excellent  counting  char¬ 
acteristics  under  these  conditions  with  a  threshold  of  about  900 
volts  and  a  plateau  100  to  140  volts  long. 

A  calibration  of  two  different  tubes  was  run  with  standard 
potassium  chloride  solutions.  Twenty-minute  counts  were 
made,  and  background  was  counted  with  distilled  water  in 
place  of  the  potassium  chloride  solution. 

The  background  count  in  the  absence  of  distilled  water  is  al¬ 
ways  higher  than  with  water  present.  This  effect  was  noted  with 
all  the  tubes  tried,  and  the  cause  is  not  explained.  Possibly  the 
water  provides  additional  shielding  from  external  radiation, 
perhaps  from  the  lead  itself  It  does  not  seem  to  be  due  to  a 
natural  radioactivity  of  the  Pyrex,  for  counts  of  samples  of  Pyrex 
have  shown  no  appreciable  activity.  In  any  event,  the  water  is 
sufficiently  dense  to  screen  out  all  such  external  radiation,  as  a 
solution  of  zinc  chloride  of  density  1.5  gave  the  same  count  as 
distilled  water.  Exposure  to  sunlight  increases  the  counting 
rate,  and  consequently,  if  no  lead  housing  is  available,  the  tube 
at  least  should  be  covered  with  a  black  cloth. 

The  results  are  shown  in  Figure  3,  in  which  counting  rate  is 
plotted  against  the  normality  of  the  potassium  chloride.  The 
background  count  has  been  included  in  these  calibration 
curves  in  order  to  indicate  the  magnitude  of  the  counts  actu¬ 
ally  recorded. 

The  total  sensitivity  of  the  method  was  increased  about 
30-fold  by  using  the  larger  tube,  for  the  net  count  of  1  A  solu¬ 
tions  in  the  large  counter  was  about  400  counts  per  minute  as 
compared  to  14  for  the  small  one.  Clearly,  solutions  as  dilute 
as  0.1  to  0.05  A  may  be  analyzed  with  fair  accuracy  by  mak¬ 
ing  rather  long  counts.  For  concentrations  of  1  A  or  higher, 
the  precision  for  a  20-minute  count  is  about  0.01  A,  as  was 
shown  by  analyzing  two  unknown  solutions: 

Potassium  Normality 
Known  By  radioactivity 

Unknown  1  2.274  2.26  ±0.01 

Unknown2  1.186  1.18  ±0.01 

A  closer  examination  of  Figure  3  reveals  the  fact  that  for 
both  new  tubes  the  counting  rate  is  not  quite  proportional  to 
the  concentration,  but  falls  off  with  increasing  potassium  con¬ 
tent.  Such  an  effect  was  not  observed  with  the  smaller  tubes, 
since  their  sensitivity  was  too  low.  The  effect  was  ascribed 


Figure  3.  Counting  Rate  vs.  Potassium  Concentra¬ 
tion 

•  Large  counter  tube  B  O  Large  counter  tube  A 


to  the  self-absorption  of  the  radiation  resulting  from  the  in¬ 
crease  in  density  of  the  solution  with  concentration,  and  this 
point  was  investigated  further. 

1  A  solutions  of  potassium  chloride  were  made  up  with  sucrose 
or  zinc  chloride  added  to  increase  the  density,  and  the  same  was 
done  with  1  A  potassium  ferricyanide  solutions.  Using  counter 
A,  duplicate  counts  of  20  minutes  each  were  made  on  each  solu¬ 
tion;  in  addition,  the  density  of  each  solution  was  determined 
with  a  pycnometer.  The  results  are  shown  in  Figure  4,  in  which 
the  net  count  per  minute — i.  e.,  background  subtracted — is 
plotted  against  the  observed  density  on  semi-log  paper. 

The  decrease  in  count  brought  about  by  the  increase  in 
density  is  obvious — for  example,  the  counting  rate  was 
lowered  about  10  per  cent  by  an  increase  in  density  from  1.03 
to  1.30.  It  is  evident,  therefore,  that  with  these  sensitive 
tubes  a  correction  for  the  density  effect  is  required  if  the  den¬ 
sity  of  the  “unknown  solution”  varies  markedly  from  that 
used  in  the  calibration. 

The  method  of  representation  of  the  measurements  given  in 
Figure  4  was  chosen  because  the  data  fit  an  excellent  straight 
line.  The  equation  of  this  line,  is,  of  course,  of  the  form 

log  (c/m)  =  k  —  (a)  ( d )  (2) 

where  (c/m)  is  the  counting  rate,  d  is  the  density,  and  k  and  a 
are  empirical  constants.  On  evaluation  of  k  and  a,  Equation 

2  becomes: 

log  (c/m)  =  2.8525  -  0.234  d  (2) 

This  equation  applies  for  1  A  solutions  for  the  particular 
counter  tube  at  hand.  To  extend  it  to  include  any  normality 
of  solution,  the  term  log  A  is  merely  included,  so  that  the 
equation  reads 

log  (c/m)  =  2.8525  -  0.234  d  +  log  A  (3) 

Now  this  equation  not  only  fits  the  data  of  Figure  4  but  also 
reproduces  the  calibration  curve  of  counter  tube  A  in  Figure 

3  within  a  precision  of  ±  1  per  cent.  The  fact  that  the  nu¬ 
merical  constants  as  obtained  from  the  count-density  curve  of 
Figure  4  for  1  A  solutions  are  applicable  to  potassium  chlo¬ 
ride  solutions  of  any  normality  constitutes  proof  that  the  den¬ 
sity  is  the  factor  responsible  for  the  falling  off  of  the  counting 
rate  with  increased  concentration,  as  observed  in  Figure  3. 

A  general  equation  of  the  form  of  (3) 

log  (c/m)  =  k  —  (a)  (d)  +  log  A  (4) 

applies  for  any  counter  tube,  but  the  constants  vary  from  tube 
to  tube.  For  example,  for  tube  B  the  equation  as  determined 
from  the  calibration  curve  in  Figure  3  is 

log  (c/m)  =  3.1555  —  0.463  d  +  log  A  (5) 

The  value  of  k  should  clearly  vary  from  counter  tube  to 
counter  tube,  for  in  effect  k  is  the  logarithm  of  the  count 
which  would  be  given  by  a  1  A  solution  of  potassium  at  zero 
density.  This  must  naturally  depend  on  the  length  and  wall 
thickness  of  the  jacketed  portion  of  the  counter.  The  varia¬ 
tion  in  the  constant  a  from  tube  to  tube  may  probably  be  due 
to  the  fact  that  the  radiation  from  potassium  is  not  homoge¬ 
neous  for  both  beta-  and  gamma-rays  are  effective  in  firing  the 
counter,  and  furthermore,  for  potassium  the  beta-rays  them¬ 
selves  show  two  different  energy  groups.  The  variation  in 
thickness  of  the  layer  of  solution  from  tube  to  tube  may  also 
play  a  role.  It  is  an  interesting  point  that  an  apparent  half¬ 
thickness  of  about  1.4  grams  per  sq.  cm.  may  be  calculated 
from  the  slope  of  the  curve  of  Figure  4.  This  lies  between  the 
value  for  the  gamma-rays  (about  5  grams  per  sq.  cm.)  and 
the  beta-rays  (about  0.03  gram  per  sq.  cm.),  and  would  sug¬ 
gest  that  the  radiation  actually  entering  the  counter  consisted 
of  about  75  per  cent  beta-rays  and  25  per  cent  gamma-rays, 
with  the  wall  thickness  of  the  tube  about  0.2  to  0.4  mm. 
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Figube  4.  Effect  of  Density  of  Solution  on  Count¬ 
ing  Rate 

•  1  N  KC1  +  ZnClj  o  IN  KiFe(CN).  +  sucrose 

To  make  a  potassium  determination  by  the  radioactive 
method  described  here,  the  counter  tube  to  be  used  must  first 
be  calibrated.  This  can  be  done  with  only  two  solutions  of 
potassium,  say  1  N  and  3  N  potassium  chloride.  The  ob¬ 
served  counts  per  minute  and  the  known  densities  of  the  cali¬ 
brating  solutions  are  substituted  in  Equation  4  and  the  con¬ 
stants  k  and  a  evaluated.  The  empirical  relation  between 
count,  density,  and  normality  is  thus  obtained  for  the  counter 
at  hand.  For  any  unknown  solutions,  the  counting  rate  and 
the  density  must  be  measured,  the  values  substituted  in  the 
equation  and  the  normality  then  calculated. 

The  above  method  of  correcting  for  the  effect  of  density  is 
applicable  when  the  element  in  the  salt  mainly  responsible  for 
the  high  density  is  of  atomic  number  below  zinc  (Zn  =  30). 
The  density  correction  necessary  if  elements  of  higher  atomic 
number  are  present  may  be  as  much  as  50  per  cent  greater  and 
seems  to  depend  on  the  element.  For  example,  in  trials  with 
potassium  nitrate  solutions  with  barium  chloride  or  with  lead 
nitrate  added  to  make  the  density  1.33,  the  observed  count 
was  94  and  90  per  cent,  respectively,  of  the  count  obtained 
when  zinc  chloride  was  used  to  bring  the  density  of  the  potas¬ 
sium  nitrate  solution  to  the  same  value.  In  general,  com¬ 
pounds  with  elements  of  such  high  atomic  number  will  not  be 
found  in  amounts  sufficient  to  contribute  predominantly  to  the 
density  of  the  solution,  so  that  the  correction  determined  as 
previously  described  may  be  used  safely.  However,  if  salts 
of  heavy  metals  are  present  in  high  concentration,  these  had 
best  be  removed  before  the  counting  of  the  potassium  solution 
is  undertaken.  As  an  alternative  procedure,  the  counter  tube 
may  be  calibrated  with  potassium  solutions  increased  in  den¬ 
sity  by  addition  of  the  salt  present  in  the  unknowns. 

On  the  basis  of  this  work,  an  apparatus  was  installed  for 
routine  use  in  a  control  analytical  laboratory  and  has  been  in 
operation  for  about  6  months.  In  that  time,  many  analyses 
have  been  made  which  could  have  been  carried  out  by  the 
usual  procedures  only  with  far  greater  expenditure  of  time  and 
labor. 

Conclusions 

The  results  presented  in  this  report  indicate  that  a  rapid 
and  comparatively  simple  determination  of  potassium  can  be 


made  by  taking  advantage  of  its  natural  radioactivity.  Ob¬ 
viously,  the  type  of  equipment  used  in  making  these  analyses 
may  be  applied  with  advantage  for  work  with  other  radio¬ 
isotopes,  whether  natural  or  artificial.  The  size  and  design 
of  the  tubes  employed  naturally  are  not  restricted  to  those  de¬ 
scribed  here,  but  may  be  altered  to  meet  particular  conditions. 
Once  the  apparatus  has  been  set  up,  a  determination  requires 
10  minutes  to  2  or  3  hours,  depending  on  the  sensitivity  of  the 
counter,  the  potassium  concentration,  and  the  accuracy  de¬ 
sired.  The  outfit  itself  is  not  too  complicated  and  can  be 
assembled  at  a  total  cost  of  about  $450.  Operation  is  simple, 
and  maintenance  of  the  apparatus  is  negligible,  although  the 
circuit  may  require  adjustment  occasionally.  The  life  of  the 
counter  tube  is  indefinite,  but  usually  the  good  counting 
characteristics,  if  lost,  can  be  restored  by  pumping  and  re¬ 
filling  the  tube  with  counter  gas.  The  advantages  of  the 
method  are  obviously  such  as  to  recommend  it  for  general  use. 
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Suspension  of  Glass  Thermometers 

GEORGE  BONA  AND  RICHARD  ROWE 
Dictaphone  Corporation,  Bridgeport,  Conn. 

THE  glass  ring  provided  at  the  top  of  glass  thermometers 
for  suspension  from  a  hook,  wire,  or  string  often  breaks 
off  in  handling  because  of  its  rigidity.  If  the  thermometer 
itself  is  still  in  working  order,  it  is  usually  suspended  through 
a  rubber  stopper  or  cork  held  in  place  by  means  of  a  buret 
clamp. 

A  better  method  is  to  fit  a  short  piece  of  rubber  tubing 
snugly  over  the  upper  end  of  the  thermometer,  so  that  about 
an  inch  of  the  tubing  extends  freely  at  the  top.  A  small  hole 
is  cut  in  the  end  of  the  tubing  by  bending  0.25  inch  of  the  top 
down  sharply  and  making  a  very  short  lengthwise  cut  at  the 
bend  with  a  pair  of  scissors. 

The  thermometer  can  then  be  suspended  freely  in  the 
usual  manner.  As  a  matter  of  fact,  new  thermometers  may  be 
thus  provided.  In  this  manner,  the  danger  of  contaminating 
a  material  with  spilled  mercury  from  a  broken  thermometer  is 
considerably  lessened. 


Polarographic  Determination  of  Manganese  as 
•  Tri-dihydrogen  Pyrophosphatomanganiate 

I.  M.  KOLTHOFF  AND  J.  I.  WATTERS1,  University  of  Minnesota,  Minneapolis,  Minn. 


A  procedure  is  presented  by  which 
manganese  is  quantitatively  oxidized  with 
lead  dioxide  to  the  trivalent  state  in  a 
medium  which  contains  a  large  excess  of 
pyrophosphate  at  a  pH  smaller  than  4. 
The  concentration  of  the  manganic  manga¬ 
nese  in  the  complex  is  determined  polaro- 
graphically. 

Evidence  is  given  that  the  violet  complex 
ion  is  tri-dihvdrogen  pyrophosphatoman¬ 
ganiate. 

THE  present  paper  describes  a  simple  procedure  in  which 
manganese  is  oxidized  with  the  aid  of  lead  dioxide  to  the 
manganic  complex  in  the  presence  of  a  large  excess  of  potas¬ 
sium  pyrophosphate  at  a  pH  between  2.0  and  4.0.  The  con¬ 
centration  of  manganic  complex  is  determined  with  the  aid 
of  the  dropping  mercury  electrode.  Evidence  that  the  com¬ 
plex  has  the  composition  tri -dihydrogen  pyrophosphato¬ 
manganiate  is  given. 

Manganous  ion  is  reduced  at  the  dropping  mercury  elec¬ 
trode,  producing  a  well-defined  diffusion  current  in  neutral 
alkali  chloride  as  supporting  electrolyte  {14)-  The  half-wave 
potential  is  —1.51  volts  vs.  the  saturated  calomel  electrode,  so 
the  presence  of  an  excess  of  several  metal  ions  such  as  ferric, 
ferrous,  cobaltous,  nickel,  zinc,  and  copper  interferes  with 
the  polarographic  determination  of  divalent  manganese. 
Furthermore,  the  hydrogen  wave  interferes  in  acidic  solution. 
The  permanganiate  ion  produces  a  poorly  defined  wave  start¬ 
ing  at  zero  applied  e.  m.  f.  Stackelberg  et  al.  {12)  concluded 
that  this  wave  was  not  suitable  for  analytical  purposes. 
Yerdier  {14)  found  that  in  an  alkaline  tartrate  solution,  a 
well-defined  anodic  wave  was  obtained  at  —0.4  volt  vs.  the 
saturated  calomel  electrode.  The  manganous  ion  is  ap¬ 
parently  oxidized  to  the  trivalent  state.  A  large  excess  of 
ferrous  iron  interferes  in  this  determination.  Tri-dihydrogen 
pyrophosphatomanganiate  has  the  advantage  that  the 
manganese  is  reduced  from  the  tri-  to  the  divalent  state  at 
positive  potentials  vs.  the  saturated  calomel  electrode.  As 
the  diffusion  current  can  be  measured  at  +0.1  volt  to  +0.15 
volt  vs.  saturated  calomel  electrode,  it  is  not  necessary  to 
remove  dissolved  oxygen.  A  large  excess  of  ions  such  as 
ferric,  zinc,  copper,  cobalt,  and  nickel  may  be  present. 
Chromium,  vanadium,  and  cerium  interfere,  since  these 
metals  are  oxidized  to  chromate,  vanadate,  and  ceric,  re¬ 
spectively,  and  are  also  reduced  at  positive  potentials. 

Trivalent  manganese  has  been  employed  in  several  ana¬ 
lytical  methods  for  determining  manganese. 

Heczko  (7)  oxidized  manganese  to  the  trivalent  state  with 
freshly  prepared  perphosphoric  acid  in  a  solution  of  phosphoric 
acid  and  sulfuric  acid  and  titrated  the  trivalent  manganese  iodo- 
metrically.  Lang  {10)  oxidized  manganese  with  potassium  di¬ 
chromate  in  a  solution  of  metaphosphoric  acid.  After  reducing 
the  excess  dichromate  with  sodium  arsenite  solution,  he  titrated 
the  trivalent  manganese  with  standard  ferrous  sulfate  solution 
using  diphenylamine  as  the  indicator.  Hirano  (8)  estimated 
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manganese  colorimetrically  by  forming  the  trivalent  complex  in 
a  solution  of  sulfuric  acid  and  phosphoric  acid.  Tomula  and  Aho 
{13)  estimated  manganese  colorimetrically  by  forming  a  pyro- 
phosphatomangani  acid  complex  in  a  mixture  of  pyrophosphoric 
and  sulfuric  acids.  They  employed  potassium  bromate  as  the 
oxidizing  agent  and  removed  the  liberated  bromine  through  the 
formation  of  the  slightly  dissociated  compound,  bromine  cya¬ 
nide.  This  procedure  has  the  disadvantage  of  the  danger  associated 
with  the  use  of  acidified  cyanide  solutions. 

Exper  i  ment  al 

The  manual  apparatus  described  in  previous  publications  was 
used.  Since  the  complex  slowly  oxidizes  mercury,  a  saturated 
calomel  anode  was  employed  as  outside  electrode.  A  few  polaro- 
grams  were  made  using  the  automatic  Heyrov.sky  polarograph. 
The  pH  measurements  were  made  with  the  aid  of  a  Beckman  glass 
electrode  pH  meter.  A  thermostatically  controlled  water  bath 
was  used  to  maintain  a  constant  temperature  of  25.0  =*=  0.02°  C. 

Analytical  reagents  were  employed.  A  stock  solution  of  0.1  M 
manganous  sulfate  was  prepared  by  dissolving  22.306  grams  of 
manganous  sulfate  tetrahydrate  in  water  containing  10  ml.  of 
approximately  1  N  sulfuric  acid  and  diluting  to  exactly  1  liter. 
The  molarity  was  checked  by  a  gravimetric  determination  in 
which  the  manganese  was  precipitated  as  manganous  ammonium 
phosphate  and  weighed  as  manganous  pyrophosphate.  The 
molarity  was  found  to  be  correct. 

Source  of  Pyrophosphates 

Although  orthophosphoric  acid  may  be  converted  to  pyro¬ 
phosphoric  acid  if  heated  at  215°  C.,  large  amounts  of  silica 
are  dissolved  if  the  conversion  is  performed  in  a  Pyrex  con¬ 
tainer.  Platinum  is  also  slowly  attacked.  Furthermore, 
concentrated  pyrophosphoric  acid  is  variable  in  composition 
{5)  and  difficult  to  handle  because  of  its  viscosity.  Its  aque¬ 
ous  solution  is  unstable,  being  completely  hydrolyzed  in  a 
few  days. 

The  authors  investigated  the  use  of  a  mixture  of  alkali 
pyrophosphates  and  strong  mineral  acids  as  the  source  of  the 
dihydrogen  pyrophosphate  ion.  Sodium  pyrophosphate  is 
only  moderately  soluble,  3.16  grams  of  the  anhydrous  salt¬ 
dissolving  in  100  ml.  of  water  at  0°  C.  and  40.26  grams  at 
100°  C.  Potassium  pyrophosphate  is  extremely  soluble  and 
is  therefore  more  suitable  for  the  preparation  of  a  concen¬ 
trated  stock  solution.  Such  a  solution  is  stable  for  a  long 
time  if  not  acidified  {6) .  The  potassium  pyrophosphate  used 
in  the  following  experiments  was  prepared  by  heating  an¬ 
hydrous  dipotassium  hydrogen  phosphate  in  a  furnace  at  from 
500°  to  700°  C.  for  3  hours. 

Sodium  pyrophosphate  may  be  used  instead  of  potassium 
pyrophosphate.  In  this  case  it  is  necessary  to  weigh  out  the 
salt  for  each  determination. 

Sulfuric  and  nitric  acids  were  found  satisfactory  for  the 
regulation  of  the  acidity.  Nitric  acid  is  preferable  if  an 
appreciable  amount  of  sulfate  is  present  in  the  sample,  since 
potassium  sulfate,  which  is  only  moderately  soluble,  may 
precipitate. 

Selection  of  an  Oxidizing  Agent 

Lead  dioxide  was  found  to  be  a  satisfactory  oxidizing  agent. 
It  rapidly  oxidized  manganous  ion  to  a  violet-colored  com¬ 
plex  in  a  solution  0.4  M  in  pyrophosphates  having  a  pH  of  4 
or  less.  The  excess  lead  dioxide  was  removed  by  filtering 
through  a  retentive  filter  paper,  such  as  Whatman  No.  42. 
By  means  of  titrations  with  standard  ferrous  sulfate  solution 
it  was  shown  that  the  oxidation  was  quantitative.  It  was 
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experimentally  found  that  1  gram  of  lead  dioxide  could 
oxidize  388  mg.  of  manganous  ion  to  the  trivalent  complex 
ion.  This  is  close  to  the  stoichiometric  amount — namely, 
460  mg.  Practically,  a  large  excess  of  lead  dioxide,  ap¬ 
proximately  1  gram  for  each  50  mg.  of  manganese  in  the 
solution  was  used  to  hasten  and  ensure  quantitative  oxida¬ 
tion.  It  was  found  that  the  oxidation  of  a  0.01  M  solution 
of  manganous  ion  was  complete  after  3  minutes  of  shaking 
with  this  excess  of  lead  dioxide  if  the  pH  was  smaller  than 
about  4.0  and  a  large  excess  of  pyrophosphate  was  present. 
Intermittent  shaking  for  10  minutes  resulted  in  quantitative 
oxidation  of  manganese  in  solutions  as  concentrated  as  0.02  M 
in  manganous  ion.  Variable  concentrations  of  plumbous 
lead  remained  in  solution,  presumably  as  a  dihydrogen 
pyrophosphato  complex,  even  when  appreciable  concentra¬ 
tions  of  sulfates  were  present. 

Suppression  of  the  Maximum 

In  the  absence  of  capillary-active  substances  a  large  maxi¬ 
mum  in  the  current-voltage  curve  of  the  manganic  complex 
was  obtained.  Furthermore,  the  galvanometer  oscillations 
were  irregular  at  potentials  more  negative  than  the  region 
(+0.1  to  +0.3  volt  vs.  S.  C.  E.)  in  which  the  maximum 
occurred.  These  disturbances  persisted  in  the  presence  of 
various  agents  generally  used  for  the  elimination  of  maxima. 
Gelatin,  starch,  soap,  tylose,  camphor,  thymol,  methyl 
orange,  tropeolin  00,  methyl  red,  and  methylene  blue  were 
unsatisfactory  in  the  suppression  of  the  maximum. 
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Figure  1.  Polarogram 

1.  5  millimolar  tri-dihydrogenpyrophosphatomanganiate,  0.4  M 

sodium  pyrophosphate,  0.8-0. 9  M  nitric  acid,  0.1  per  cent  in 
gum  arabic,  pH  =  2.0;  oxidized  with  lead  dioxide;  hydro¬ 
gen  passed  through  solution  15  minutes 

2.  Like  1  except  no  manganese  present 


the  oxidation  by  lead  dioxide.  If  added  after  the  oxidation, 
a  small  amount  of  the  complex  was  reduced. 

After  the  experimental  work  was  concluded  the  authors 
found  that  0.1  per  cent  gum  arabic  is  just  as  effective  as 
peptone.  It  is  stable  for  a  long  time  and  does  not  decompose 
the  complex  if  added  after  the  oxidation. 

Within  experimental  error,  the  same  diffusion  current  per 
millimolar  concentration  of  the  manganic  complex  was  ob¬ 
tained  whether  0.05  to  0.2  per  cent  agar,  0.02  to  0.1  per  cent 
peptone,  or  0.1  per  cent  gum  arabic  was  used  to  eliminate 
the  maximum.  " 

The  procedure  followed  in  the  preliminary  experiments 
consisted  of  preparing  solutions  containing  manganous  ion 
and  various  concentrations  of  pyrophosphate  at  various  pH 
values  and  in  the  presence  of  various  maximum  suppressors. 
The  manganese  was  oxidized  by  shaking  intermittently  with 
lead  dioxide  for  5  to  10  minutes  and  the  solution  was  filtered. 
Current  voltage  measurements  were  made  using  a  portion 
of  the  filtrate.  The  removal  of  air  is  not  necessary,  since  the 
diffusion  current  of  the  manganic  complex  is  obtained  before 
the  oxygen  wave  starts. 

Figure  1  illustrates  the  characteristics  of  the  wave. 

The  solution  used  to  obtain  curve  1  was  0.005  M  in  manganic 
manganese,  0.4  M  in  sodium  pyrophosphate,  0.8  to  0.9  M  in 
nitric  acid,  and  contained  0.1  per  cent  gum  arabic.  The  pH  was 
2.00.  The  solution  used  to  obtain  curve  2  contained  the  same 
constituents,  except  that  no  manganese  was  added.  The  solutions 
were  treated  with  lead  dioxide  as  explained  above.  Tank  hydro¬ 
gen  was  passed  through  the  solution  in  the  cell  for  15  minutes  to 
remove  most  of  the  oxygen.  In  curve  2  the  current  from  +0.2 
to  —0.4  volt  (S.  C.  E.)  was  the  residual  or  condenser  current 
and  was  practically  zero  at  —0.1  volt  (S.  C.  E.).  The  anodic 
wave  just  beyond  +0.25  volt  is  due  to  the  dissolution  of  mer¬ 
cury.  This  wave  begins  at  a  lower  positive  potential  than  in  the 
corresponding  polarograms  in  Figures  2  and  3,  owing  to  the 
presence  of  chloride  ion  introduced  by  prolonged  contact  with 
the  saturated  calomel  anode.  The  wave  beginning  at  —0.4  volt 
(S.  C.  E.)  is  due  to  the  reduction  of  the  plumbous  lead  introduced 
as  a  result  of  shaking  with  lead  dioxide.  The  wave  starting  at 
—  1.3  volt  (S.  C.  E.)  is  due  to  the  reduction  of  hydrogen  ions. 
In  curve  1,  the  wave  beginning  at  about  +0.3  volt  is  due  to  the 
reduction  of  the  trivalent  manganic  complex  to  the  divalent 
state.  The  second  wave  for  the  reduction  of  plumbous  lead  is 
larger  than  in  curve  2  as  a  consequence  of  the  reduction  of  more 
lead  dioxide  in  the  oxidation  process.  The  true  diffusion  current 
is  the  difference  between  the  magnitude  of  the  apparent  diffusion 
current  measured  and  the  residual  current  measured  at  the  same 
potential,  using  a  blank  solution  containing  no  manganese  or  a 
portion  of  the  original  solution  before  treatment  with  lead  di¬ 
oxide. 

The  half-wave  potential  of  the  wave  due  to  the  reduction 
of  the  manganic  complex  is  obviously  not  a  function  of  the 
standard  potential  of  the  manganous  complex-manganic 
complex  couple.  The  potential  of  a  platinum  electrode  in  a 
similar  solution  in  which  one-half  of  the  complex  had  been 
reduced  with  ferrous  sulfate  solution  was  about  +0.78  volt 
(S.  C.  E.)  when  the  pH  was  2.06. 


It  was  found  that  if  the  solution  was  0.02  per  cent  in  agar 
the  galvanometer  oscillations  became  regular  and  diffusion 
current  measurements  could  be  made  at  potentials  more 
negative  than  +0.16  volt  (S.  C.  E.)  using  the  manual  polaro- 
graph.  Many  of  the  quantitative  measurements  were  made 
with  the  manual  apparatus,  using  agar  to  suppress  the 
maximum.  However,  when  polarographic  determinations 
were  attempted  using  the  automatic  Heyrovsky  polarograph, 
agar  was  found  unsatisfactory.  Temporary  irregularities, 
which  did  not  interfere  when  the  manual  instrument  was 
used,  were  frequently  recorded  in  the  polarogram. 

It  was  then  found  that  if  the  final  solution  wTas  0.04  per 
cent  in  peptone  (Merck’s,  dried,  from  meat)  excellent  waves 
were  obtained  with  either  the  manual  apparatus  or  the 
polarograph.  It  was  necessary  to  add  the  peptone  prior  to 


Effect  of  pH 

The  pH  may  be  of  influence  for  several  reasons.  From  the 
Nernst  equation  it  is  readily  seen  that  the  oxidation  potential 
of  lead  dioxide  is  a  function  of  the  pH.  Theoretically  the 
oxidation  potential  is  decreased  by  approximately  0.12  volt 
for  each  unit  increase  in  pH.  The  kind  of  acid  pyrophos¬ 
phate  which  preponderates  is  determined  by  the  pH,  as  is 
the  stability  of  complex  ions  containing  ionizable  hydrogen 
atoms.  It  will  be  shown  in  a  subsequent  paper  that  the 
wave  due  to  the  reduction  of  ferric  iron  in  pyrophosphate 
solutions  is  shifted  to  more  negative  potentials  if  the  acidity 
is  decreased.  This  wave  interferes  if  the  pH  is  much  smaller 
than  2. 

Experiments  1  to  8,  Table  I,  were  performed  to  determine 
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Table  I.  Effect  of  pH 

Sample,  5  ml.  0.1  M  MnSCh  to  produce  a  final  concentration  of  5  milli- 
molar  in  manganese. 

Procedure  followed,  except  pH  varied.  Final  pyrophosphate  concentra¬ 
tion  was  0.4  M,  agar  0.04  per  cent. 

Capillary  I.  =  1.314  mg.2/3  sec.-1/2  at  Ed.  t.  =  +0.1  volt. 

Av.  id/ millimolar  concn.  Mnlll  =  1.54  microamperes. 


Experi- 

H2SO< 

(1:1) 

pH  of 
Final 

Color  of  Final 

id  at 

+  0.1  Volt 
(S.  C.  E.) 
Corrected  for 
Residual 

ment  No. 

Used 

Solution 

Solution 

Current 

1 

Ml. 

2 

Brown 

Micro¬ 

amperes 

7.34 

2 

4 

5.05 

Orange  brown 

7.64 

•3 

4 

5.00 

Orange  brown 

7.69 

4 

4.5 

3.78 

Violet 

7.78 

5 

5 

1.90 

Violet 

7.82 

6 

5 

1.90 

Violet 

7.78 

7 

10 

0.90 

Violet 

7.79 

8 

20 

0.10 

Violet 

7.84 

the  pH  range  in  which  the  violet  complex  could  be  quantita¬ 
tively  obtained  with  a  large  excess  of  pyrophosphate  present. 

Samples  containing  5  ml.  of  0.1  M  manganous  sulfate  were 
transferred  to  a  100-ml.  volumetric  flask,  and  20  ml.  of  2  M  po¬ 
tassium  pyrophosphate  were  added  to  each  flask  to  obtain  a  0.4  M 
concentration  of  pyrophosphate.  Various  volumes  of  sulfuric 
acid  (1  to  1)  were  added  to  regulate  the  pH.  After  addition  of 
2  ml.  of  2  per  cent  agar  and  dilution  to  100  ml.,  the  oxidation  and 
diffusion  current  measurements  were  carried  out  as  in  the  general 
procedure. 

All  the  solutions  having  a  pH  of  3.78  or  smaller  had,  within 
experimental  error,  the  same  diffusion  current  and  the  rich  violet 
color.  However,  in  experiments  2  and  3,  the  solutions  having  a 
pH  close  to  5  appeared  orange  red  to  orange  brown  in  color  and 
the  diffusion  current  was  somewhat  smaller  than  at  lower  pH. 
After  completing  the  experiments,  the  pH  of  the  solution  used  in 
experiment  4  was  varied  by  adding  nitric  acid  or  ammonium  hy¬ 
droxide  dropwise.  When  the  pH  was  increased  to  4.52,  an 
orange  cast  was  observed.  When  the  pH  was  decreased  below  4, 
the  complex  again  appeared  violet.  A  brown  precipitate  of  man¬ 
ganese  dioxide  always  formed  in  the  brown  solutions  upon  stand¬ 
ing  a  few  hours.  The  violet  solutions  were  unchanged  after  48 
hours. 

Effect  of  Pyrophosphate  Concentration 

A  series  of  experiments  was  performed  in  which  the  pH  was 
maintained  close  to  4.0  while  the  concentration  of  pyrophosphate 
was  varied.  The  same  final  concentration  of  manganese,  0.005  M, 


Table  II.  Effect  of  Pybophosphate  Concentration 

Sample,  5  to  20  ml.  0.1  M  MnSCL  to  produce  a  final  concentration  of  5  to  20  millimolar  manganese. 
Procedure  followed  except  final  pyrophosphate  concentration  varied.  Agar,  0.04  per  cent,  used  to 
suppress  maximum.  In  experiments  1  through  13,  40  ml.  of  sample  diluted  to  50  ml.  after  oxidation 
and  KNOi  added  to  obtain  1.6  M  potassium  ion.  Experiments  14  through  17  were  not  diluted. 


Capillary  II.  =  1.967  mg.2/3  sec.' 

Mnlll  =  2.30  microamperes. 


1/2  at  Ed.  «.  =  +0.1  volt.  Av.,  id/millimolar  concn. 


Final 

Estima¬ 

Milli¬ 

True 

tion  of 

molar 

Final 

Diffusion 

Mn  Oxi¬ 

2  M  Potas¬ 

Pyro¬ 

Milli¬ 

Current  at 

dized  to 

Experi¬ 

sium  Pyro¬ 

phos¬ 

molar 

+  0.1  Volt 

Tri¬ 

ment 

phosphate 

phate 

Concn. 

Color  of  Final 

(S.  C.  E.)  (id 

valent 

No. 

Added 

Concn. 

of  Mn 

Final  pH 

Solution 

Appparent  —  ir)  State 

M icro- 

Ml. 

amperes 

% 

1 

0.5 

10 

5 

3.30 

Violet  brown 

3.55 

39 

2 

0.75 

15 

5 

3.30 

Violet  brown 

3.85 

42 

3 

1.00 

20 

5 

3.30 

Violet  brown 

4.10 

45 

4 

1.25 

25 

5 

3.90 

Brown  violet 

4.50 

49 

5 

1.50 

30 

5 

4.09 

Brown  violet 

5.67 

62 

6 

1.75 

35 

5 

4.11 

Rose  violet 

6.37 

69 

7 

2.0 

40 

5 

4.00 

Violet 

7.19 

78 

8 

3.0 

60 

5 

3.98 

Violet 

7.50 

82 

9 

4.0 

80 

5 

4.03 

Violet 

7.85 

85 

10 

5.0 

100 

5 

3.78 

Violet 

8.35 

91 

11 

7.5 

150 

5 

3.98 

Violet 

8.82 

96 

12 

10.0 

200 

5 

3.90 

Violet 

9.18 

100 

13 

20.0 

400 

5 

3.90 

Violet 

9.17 

100 

14 

20.0 

400 

10 

3.90 

Violet 

23.0 

100 

15 

20.0 

400 

20 

3.30 

Violet 

41.4 

90 

16 

20.0 

400 

20 

2.30 

Violet 

46.2 

100 

17 

20.0 

400 

20 

7  N  H2SO. 

Violet 

46.3 

100 

was  employed;  0.02  per  cent  agar  was  used  to  suppress  the 
maximum.  Before  making  the  polarographic  measurements  in 
experiments  1  through  13  in  Table  II,  sufficient  potassium  nitrate 
was  added  to  40  ml.  of  the  oxidized  solutions  to  make  the  concen¬ 
tration  of  potassium  ions  in  all  solutions  1.6  M.  The  solutions 
were  then  diluted  to  50  ml.  The  oxidation  to  the  trivalent  com¬ 
plex  was  not  complete  until  the  pyrophosphate  concentration 
was  0.2  M  or  40  times  larger  than  that  of  manganese. 

Experiments  14  through  17  were  then  performed  to  determine 
the  maximum  concentration  of  manganese  which  could  be  oxidized 
to  the  trivalent  state,  using  a  final  concentration  of  0.4  M  potas¬ 
sium  pyrophosphate.  Since  a  constant  large  excess  of  potassium 
pyrophospate  was  present,  no  addition  of  potassium  nitrate 
or  dilution  was  necessary  before  making  diffusion  current  meas¬ 
urements.  Experiment  14  showed  that  10  millimolar  manga¬ 
nous  ion  was  quantitatively  converted  to  the  trivalent  complex 
at  pH  3.9.  However,  in  experiment  15,  when  the  concentration 
of  manganese  was  increased  to  20  millimolar,  only  90  per  cent  of 
the  manganese  was  converted  to  the  trivalent  complex  at  pH  3.3. 

In  experiments  16  and  17,  20  millimolar  manganous  ion  and 
0.4  M  potassium  pyrophosphate  were  again  employed  but  the  acid¬ 
ity  was  increased.  In  experiment  16,  in  which  the  pH  was  2.2,  a 
quantitative  oxidation  to  the  manganic  complex  was  obtained. 
In  experiment  17,  in  which  a  7  N  excess  of  free  sulfuric  acid  was 
present,  the  oxidation  to  the  trivalent  complex  was  also  quanti¬ 
tative.  However,  the  complex  was  not  stable  in  strong  sulfuric 
acid.  After  5  days  the  violet  color  of  the  complex  prepared  in 
7  N  sulfuric  acid  had  disappeared,  while  the  complex  prepared 
at  pH  2.2  showed  no  appreciable  decrease  in  color. 

It  may  be  concluded  that  manganous  ion,  up  to  a  con¬ 
centration  of  20  millimolar,  can  be  quantitatively  oxidized 
to  the  violet  manganic  complex  in  a  solution  0.4  M  in  potas¬ 
sium  pyrophosphate  at  a  pH  of  about  2.2.  At  appreciably 
lower  pH  the  complex  is  not  very  stable  and  the  wave  due 
to  the  reduction  of  the  ferric  complex  interferes. 

Effect  of  Air  on  the  Wave 

The  following  experiments  were  performed  to  determine  the 
effect  of  oxygen  of  the  air  on  the  value  obtained  for  the 
diffusion  current. 

All  the  solutions  were  finally  0.4  M  in  potassium  pyrophos¬ 
phate.  The  pH  was  adjusted  to  about  2.3  with  sulfuric  acid 
(1  to  1),  using  thymol  blue  as  the  indicator.  Peptone  (0.04  per 
cent)  was  used  to  suppress  the  maximum.  Each  solution  was 
treated  with  1  gram  of  lead  dioxide. 

In  experiment  1,  Table  III,  a  blank  determination  was  carried 
out  using  only  the  reagents.  The  measurements  were  made  with¬ 
out  removing  air  from  the  solution.  The  measurements  were  re¬ 
peated  after  nitrogen  had  been  passed  through  the  solution  rap¬ 
idly  for  2  minutes  (columns  2  and  3, 
Table  III).  There  was  no  further  de¬ 
crease  in  the  current  at  these  positive 
potentials  after  nitrogen  had  been  passed 
through  the  solution  for  a  total  of  10 
minutes. 

In  experiment  2,  the  procedure  used 
in  the  previous  experiment  was  followed 
but  the  solution  was  also  0.004  M  in 
manganous  ion  before  the  oxidation. 
No  reduction  of  oxygen  was  found  at 
+0.15  volt  (S.  C.  E.).  The  small  value 
of  0.03  microampere  at  +0.1  volt 
(S.  C.  E.),  due  to  reduction  of  oxygen, 
was  measured  in  both  the  blank  and 
the  solution  containing  manganese.  At 
0.0  volt  (S.  C.  E.)  the  effect  due  to  oxy¬ 
gen  was  no  longer  the  same  in  the  blank 
and  the  solution  containing  manganese. 
It  follows  that  it  is  not  necessary  to  re¬ 
move  oxygen  if  the  diffusion  current  is 
measured  at  +0.1  to  +0.15  volt 
(S.  C.  E.). 

These  measurements  using  the  manual 
instrument  were  substantiated  with 
polarograms  obtained  with  the  Heyrovsky 
polarograph.  The  polarogram  (curve  2, 
Figure  2),  was  made  without  oxidizing 
the  manganese  and  without  removing  the 
air.  Another  portion  of  the  same  solu¬ 
tion  was  oxidized  with  lead  dioxide  to 
obtain  curve  1.  Air  was  not  removed. 
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Table  III.  Effect  of  Air  on  the  Wave 

Solution  0.004  M  Mn,  0.4  M  K4P2O7,  0.08  per  cent  peptone,  pH  =  2.3  (approx.)  using  H2SO. 
and  thymol  blue. 

Capillary  III.  m2/3£1/8  =  2.150  mg.2/3sec. "1/2  at  Ed.  «.  =  +0.1  volt. 

-Experiment  2,  4  Millimolar  MnlH 


(1.1) 


Ec  (S.  C.  E.) 

Air  not 
removed 

N2  passed 
through 
solution 

2  minutes 

Current 

due  to  air  Air  not 
in  blank  removed 

N2  passed 
through 
solution 

2  minutes 

Current  due 
to  air  in  Mn 
solution 

+  0.25 

-4.35 

-4.35 

0 

4.30 

4.30 

0 

+  0.24 

-2.86 

-2.86 

0 

5.55 

5.55 

0 

+  0.22 

-0.56 

-0.56 

0 

+  0.20 

-0.38 

-0.38 

0 

9.43 

9.43 

6 

+  0.15 

-0.20 

-0.20 

0 

9.65 

9.65 

0 

+  0.1 

-0.13 

-0.16 

+  0.03 

9.84 

9.81 

+  0.03 

+  0.075 

0.00 

9.89 

9.84 

+  0.05 

+  0.05 

+  0.13 

-o.io 

+  6.23 

9.98 

9.86 

+  0.12 

+0.025 

+  0.24 

10.06 

9.88 

+  0.18 

0.00 

+0.41 

-0.06 

+  6.47 

10.16 

9.90 

+  0.26 

UJ 

o: 

uj 

0. 

2 

< 

O 

cr 

o 


POTENTIAL  VS.  S.C.E. 


to  make  the  total  amount  of  mineral 
acid  present  equivalent  to  12  ml.  of 
nitric  acid  (1  to  1)  or  4.5  ml.  of  sulfuric 
acid  (1  to  1).  Slowly  add  20  ml.  of  2  M 
potassium  pyrophosphate  to  the  solu¬ 
tion  while  swirling.  Add  2  or  3  drops  of 
thymol  blue.  Add  more  acid  or  am¬ 
monium  hydroxide  dropwise  until  the 
color  becomes  orange,  corresponding  to 
a  pH  of  2.0  to  2.4.  Add  5  ml.  of  2  per 
cent  gum  arabic  or  5  ml.  of  2  per  cent 
peptone.  Dilute  to  the  mark  and  mix 
thoroughly. 

Transfer  a  few  milliliters  to  a  polaro- 
graphic  cell  and  measure  the  residual 
current  as  described  below  for  the  oxi¬ 
dized  solution.  Add  about  1  gram  of 
manganese-free  lead  dioxide  for  each  25 
to  50  mg.  of  manganese  present  and 
shake  intermittently  for  5  to  10  minutes. 
Filter  through  a  dry  retentive  filter 
paper  such  as  Whatman  No.  42  into  a 
clean  polarographic  cell.  Rinse  out  the  cell  with  the  first  por¬ 
tion  of  the  filtrate  and  collect  a  suitable  volume  of  the  filtrate. 

Use  an  external  anode.  Five  milliliters  of  c.  p.  carbon  tetra¬ 
chloride  may  be  added  to  cover  the  mercury  drops  collecting  at 
the  bottom  of  the  cell.  Just  before  starting  the  measurements 
insert  the  dropping  mercury  electrode.  Measure  the  current  at 
+0.1  volt  and  +0.15  volt  (S.  C.  E.)  if  the  manual  instrument  is 
used. 

If  the  automatic  recording  instrument  is  available,  use  the  2- 
volt  accumulator.  Turn  the  switch  to  “anodic  and  cathodic 
polarization”.  The  applied  potential  is  zero  when  the  sliding 
contact  is  at  the  exact  center  of  the  resistance  wire.  Regulate 
the  voltage  so  that  each  abscissa  line  corresponds  to  0.1  or  0.05 
volt.  Choose  a  galvanometer  sensitivity  such  that  the  wave  has 
a  suitable  height  from  +0.1  to  +0.15  volt  (S.  C.  E.).  Start  the 
polarogram  at  +0.35  volt  (S.  C.  E.).  If  iron  is  present,  stop  the 
motor  as  soon  as  the  light  beam  moves  past  the  camera,  then 
with  the  sliding  contact  disengaged  record  the  zero  current  line 
for  a  distance  of  1  or  2  mm.  on  the  sensitized  paper.  It  is  desir¬ 
able  to  run  the  residual  current  on  the  same  polarogram. 


Figure  2.  Polarogram 

1.  5  millimolar  tri-dihydrogenpyrophosphatomanganiate,  0.4  M 

sodium  pyrophosphate,  0. 8-0.9  M  nitric  acid,  0.1  per 
cent  gum  arabic,  pH  =  2.00;  oxidized  with  lead  dioxide; 
air  not  removed 

2.  Solution  used  in  1  before  oxidation  with  lead  dioxide 


The  wave  starting  at  +0.05  volt  (S.  C.  E.)  in  both  curves  is  due 
to  the  first  step  of  the  reduction  of  oxygen.  The  wave  starting 
at  —0.4  volt  (S.  C.  E.)  in  curve  1  is  due  to  the  reduction  of  the 
plumbous  ion. 

Reagents 

Potassium  Pyrophosphate,  2  M.  Slowly  pour  132  grams  of 
anhydrous  potassium  pyrophosphate  into  about  150  ml.  of  water 
while  stirring.  Dilute  to  exactly  200  ml. 

Nitric  Acid  (1  to  1).  Dilute  100  ml.  of  freshly  boiled  concen¬ 
trated  nitric  acid  with  100  ml.  of  water. 

Sulfuric  Acid  (1  to  1).  Dilute  100  ml.  of  concentrated  sul¬ 
furic  acid  with  100  ml.  of  water. 

Gum  Arabic,  2  per  cent.  Add  1  gram  of  gum  arabic  to  49 
grams  of  water  and  heat  to  boiling  while  stirring.  This  solution 
is  stable  for  several  days. 

Peptone,  2  per  cent.  Dissolve  1  gram  of  Merck’s  peptone, 
“dried”,  from  meat,  in  49  grams  of  boiling  water.  This  solution 
may  be  kept  in  a  stoppered  bottle  containing  a  few  milliliters  of 
carbon  tetrachloride,  kept  cool,  or  prepared  fresh  after  48  hours. 

Thymol  Blue  Solution,  0.1  per  cent.  Mix  0.1  gram  of  dry 
thymol  blue  with  21.5  ml.  of  0.01  N  sodium  hydroxide  in  a  mortar 
and  dilute  to  100  ml.  with  water. 

Procedure 

Polarographic  Determination  of  Manganese  as  Tri¬ 
dihydrogen  Pyrophosphatomanganiate.  The  sample  to  be 
determined  may  contain  from  1  to  100  mg.  of  manganese  as  the 
nitrate,  sulfate,  or  perchlorate  in  approximately  50  ml.  of  aqueous 
solution.  Iron  may  be  present  in  quantities  up  to  0.2  gram,  but 
chromium,  vanadium,  and  cerium  interfere. 

Transfer  the  sample  quantitatively  to  a  100-ml.  volumetric 
flask,  and  add  enough  nitric  acid  (1  to  1)  or  sulfuric  acid  (1  to  1) 


Table  IV.  Proportionality  between  Diffusion  Current 
and  Concentration  of  Manganese 

Capillary  I  tts2/^'/*  =  1.314  mg.2/8  sec.-1/2  at  Ed.  e.  =  +0.1  volt. 
Procedure  used  except  0.02  per  cent  agar  used  and  nitrogen  bubbled 
through  solution  2  minutes. 


Final 

True 

Diffusion 

Millimolar 

Apparent 

Diffusion 

Current 

Concn.  of 

Diffusion 

Current 

per  Milli- 

Experi- 

Complex 

Current 

(Corrected 

molar  Con- 

ment 

Manganic 

Measured 

for  Resid- 

centration 

No. 

Ion 

Mn  Taken 

at  +0.1  Volt 

ual) 

of  Complex 

Micro- 

Micro- 

Micro- 

Mg. 

amperes 

amperes 

amperes 

1 

0 

0 

-0.07 

2 

0 

0 

-0.07 

3 

0.2 

1.1 

+  0.25 

0.32 

i.60 

4 

0.5 

2.75 

0.69 

0.76 

1.52 

5 

1 

5.49 

1.46 

1.53 

1.53 

6 

1 

5.49 

1.47 

1.54 

1.54 

7 

2 

10.99 

3.02 

3.01 

1.54s 

8 

3 

16.48 

4.57 

4.64 

1.547 

9 

5 

27.47 

7.68 

7.75 

1 . 55, 

10 

10 

54.93 

15.40 

15.47 

1.547 

11 

10 

54.93 

15.32 

15.39 

1.53, 

12 

20 

109.86 

30.70 

30.77 

1.53, 

Av.  1 . 54 

Proportionality  between  Diffusion  Current  and 
Concentration  of  Manganese 

The  results  reported  in  Table  IV  show  that  proportionality 
exists  between  diffusion  current  and  the  concentration  over 
a  wide  range  of  concentrations. 

The  deviation  from  the  average  was  more  than  1  per  cent 
only  when  very  low  concentrations  of  manganese  were  used. 

The  determinations  were  made  according  to  the  general 
procedure.  A  few  polarograms  are  given  in  Figure  3.  Even 
at  very  low  manganese  concentrations,  oxygen  from  the  air 
does  not  interfere. 
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Structure  of  Mangani  Pyrophosphoric  Acid 

If  manganic  orthophosphate  is  dissolved  in  meta,  pyro, 
or  sirupy  orthophosphoric  acid,  violet-colored  complex  com¬ 
pounds  are  formed.  These  compounds  have  been  named 
mangani  metaphosphoric  acid,  mangani  pyrophosphoric  acid, 
and  mangani  orthophosphoric  acid,  depending  on  the  acid 
in  which  they  were  prepared. 

A  study  of  the  literature  reveals  that  the  following  types  of 
trivalent  manganese  compounds  have  been  crystallized  from 
solutions  of  the  various  acids: 


1.  From  orthophosphoric  acid 
MnP04.H20,  green  gray  in  color  (/) 

2.  From  pyrophosphoric  acid 
MwCPaOrH.UILO,  pale  violet  (1) 
NaMn(P207)  ,5H20,  pale  red  (11) 

3.  From  metaphosphoric  acid 
Mn(PO})j.  H20,  red  ( 1 ) 


03 

LU 

CC 

Ld 

CL 


< 

o 

cn 
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Rosenheim  (11)  observed  that  many  compounds  of  the 
type  M1,  M11P2O7.3H2O,  crystallized  from  solutions  con¬ 
taining  the  mangani  pyrophosphoric  acid.  He  suggested 
the  formula  [Mn  ^6)3]  for  the  anion  of  the  violet  complex 
acid  in  aqueous  solution.  This  formula  has  been  adopted 
in  the  literature.  The  assumption  of  similarity  between 
the  complex  in  solution  and  the  crystalline  form  obtained  is 
not  justified. 

The  violet  manganic  complex  with  pyrophosphate  de¬ 
scribed  in  this  paper  has  properties  which  are  very  similar 
to  that  of  the  trioxalatomanganiate  complex.  The  latter  has 
the  following  structure : 


Mn 


v-OJ 


which  is  stabilized  by  the  five-membered  chelate  ring.  A 
similar  structure  with  a  six-membered  chelate  ring  is  ob¬ 
tained  when  the  dihydrogen  pyrophosphate  ion  combines 
with  manganic : 


Various  observations  substantiate  the  conclusion  that  the 
dissolved  violet  complex  dealt  with  in  this  paper  is  the  tri¬ 
dihydrogen  pyrophosphatomanganiate  of  the  above  struc¬ 
ture. 

The  pH  of  an  alkali  dihydrogen  pyrophosphate  solution  is 
about  4.25.  As  is  evident  from  Table  I,  the  violet  complex 
is  stable  at  this  and  lower  pH.  In  order  to  obtain  a  stable 
solution  of  the  violet  complex  it  is  necessary  to  have  present 
a  large  excess  of  dihydrogen  pyrophosphate.  This  indicates 
that  the  violet  complex  has  ionic  bonding  and  that  it  has  a 
relatively  small  stability  constant.  Cartledge  and  Nichols 
(3)  in  their  study  of  trimalonatomanganiate  arrived  at  a 
similar  conclusion. 

When  the  pH  is  of  the  order  of  5  or  larger  dihydrogen 
pyrophosphate  ions  in  the  complex  may  be  replaced  by  water 
molecules,  producing  the  brown-colored  complex.  This 
behavior  has  been  observed  by  Cartledge  et  al.  ( 2 ,  3)  in  the 
study  of  trimalonatomanganiate  and  the  trioxalatomangani¬ 
ate  complexes. 

Tomula  and  Aho  (13)  found  in  transport  measurements 
that  the  violet  manganic  pyrophosphate  complex  migrates 
toward  the  anode.  This  observation  eliminates  the  pos¬ 
sibility  that  pyrophosphoric  acid  occupies  the  coordination 


POTENTIAL  VS.  S,C.E. 

Figure  3.  Polarogram 

1.  1  millimolar  tri-dihydrogenpyrophosphatomanganiate,  0.4 

M  sodium  pyrophosphate,  0.8— 0.9  M  nitric  acid,  O.i  per 
cent  gum  arabic,  pH  =  2.00;  air  not  removed 

2.  Like  1  but  0.5  millimolar  Mnlll 

3.  Like  1  but  0.2  millimolar  Mnlll 

4.  Residual  current.  Solution  used  in  3  before  oxidation  with 

lead  dioxide 


Table  V.  Diffusion  Coefficient  of  Violet  Complex 


Capillary 

No. 

m 

t  at  +0.1 
Volt  vs. 

S.  C.  E.  in 
0.4  M  Pyro¬ 
phosphate 
at  pH  2.3 

m2/3<l/8 

at  +0.1  Volt 

id  per 
Milli¬ 
mole  per 
Liter 

D  X  105 

I 

Mg. /sec. 

1.051 

4.10 

1.31 

1.54 

Sq.  cm. /sec 

0.375 

II 

2.111 

2  92 

1.97 

2.30 

0.373 

III 

2.625 

2.08 

2.15 

2.50 

0.369 

Av.  0.373  ±  0.003 


places  in  the  complex.  The  possibility  that  trihydrogen 
pyrophosphate  ions  occupy  the  coordination  positions  is  not 
considered  probable,  because  an  alkali  trihydrogen  pyro¬ 
phosphate  solution  has  a  pH  of  about  1.40  and  the  complex 
was  found  stable  at  a  pH  of  4.  Evidence  that  the  complex 
is  tri-dihydrogen  pyrophosphatomanganiate  was  obtained 
from  the  calculation  of  the  diffusion  coefficient  of  the  com¬ 
plex  ion.  The  diffusion  coefficient  was  calculated  from  the 
polarographic  results  with  the  aid  of  the  Ilkovic  equation: 

id  =  605  nC  D'-'WtyJ* 

By  titration  with  ferrous  sulfate  it  had  been  found  that  the 
manganese  in  the  complex  is  present  in  the  trivalent  form. 
Hence  n  in  the  above  equation  is  equal  to  one,  assuming  that 
the  complex  ion  contains  one  manganic  ion. 

The  diffusion  coefficient  was  calculated  from  three  sets  of 
measurements  with  three  different  capillaries.  The  results 
are  summarized  in  Table  V. 

For  the  sake  of  comparison  the  authors  have  also  cal¬ 
culated  the  diffusion  coefficient  of  the  trioxalatocobaltiate 
ion  from  its  diffusion  current  using  capillary  I.  The  medium 
was  1  M  in  potassium  oxalate,  0.2  M  in  ammonium  acetate, 
and  0.5  M  in  acetic  acid,  and  contained  0.018  per  cent  gelatin. 
The  solution  had  a  pH  of  5.0.  The  average  value  of  the 
diffusion  coefficient  calculated  was  0.523  X  10-5  sq.  cm.  per 
second. 

Using  Jander’s  (9)  expression  for  the  relation  between  the 
molecular  weights  and  diffusion  coefficients  of  two  closely 
related  species  x  and  k: 


January  15,  1943 


ANALYTICAL  EDITION 


13 


in  which  Z  is  the  specific  viscosity  of  the  solution,  D,  the 
diffusion  coefficient,  and  M  the  molecular  weight,  it  is  pos¬ 
sible  to  calculate  the  molecular  weight  of  the  manganic 
pyrophosphate  complex.  The  viscosities  of  the  media  in 
which  the  diffusion  currents  of  the  manganiate  and  cobaltiate 
complexes  were  determined  were  nearly  identical. 

The  formula  of  the  oxalatocobaltiate  has  been  proved  (2) 
to  be  Co(C204)3  ,  corresponding  to  a  molecular  weight  of 

323.  Substituting  the  various  values  in  the  above  equa¬ 
tion  we  find : 


M, 


(5.23  X  10-6) 2 
(3.75  X  10~6)2 


X  323  =  628 


Assigning  to  the  manganic  dihydrogen  pyrophosphate  com¬ 
plex  the  formula  [Mn(H2P207)n3-2n]  we  calculate  from  the 
molecular  weight  of  628  a  value  of  n  =  3.25.  Since  Jander’s 
equation  is  only  approximate  we  may  consider  the  agreement 
between  the  expected  value  of  n  =  3  and  the  calculated  one 
of  3.25  as  satisfactory.  The  result  of  the  molecular  weight 


calculation  indicates  that  the  complex  has  the  formula 
[Mn(H2P207)3] - . 
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A  Modified  Stock  Valve 

EARL  WARRICK  AND  PAUL  FUGASSI 
Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


THE  use  of  porous  disks  in  combination  with  a  mercury 
cutoff  as  a  stopcock  substitute  was  first  suggested  by 
Stock  (2),  who  used  two  disks.  A  modified  type  of  valve  using 
only  one  disk,  to  permit  more  rapid  passage  of  gas  through 
the  valve,  was  constructed  by  Schumb  and  Crane  ( 1 ) . 

The  valve  described  uses  one  sintered-glass  disk  and  has 
been  designed  to  have  a  minimum  of  dead-end  space  and  to 
withstand  a  pressure  difference  of 
one  atmosphere  in  either  direction 
without  use  of  a  barometric  height 


of  mercury.  It  has  been  used  for 
pure  gases  only.  Passage  of  a  gas 
mixture  with  components  of  widely 
different  molecular  weights  through 
the  valve  might  lead  to  changes  in 
the  composition  of  the  mixture. 
This  new  valve  is  more  difficult  to 
construct  than  the  design  of  Schumb 
and  Crane  and  is  not  so  suit¬ 
able  for  controlling  the  flow  of 
liquids. 


The  construction  of  the  valve  is 
obvious  from  Figure  1.  The  sintered 
disk  must  have  pores  sufficiently 
fine  so  that  mercury  will  not  flow 
through  the  disk  at  the  pressure  dif¬ 
ferences  which  usually  exist  across 
the  valve.  If  the  valve  is  to  with¬ 
stand  a  pressure  difference  of  one 
atmosphere,  the  commercially  avail¬ 
able  disks  with  the  smallest  pores 
(graded  as  either  D  or  F)  should  be 
used.  For  pressure  differences  lower 
than  one  atmosphere,  coarser  disks 
may  be  employed  advantageously 
as  they  offer  a  lower  resistance  to  the 
flow  of  gas  through  the  valve. 
The  sintered  disk  was  obtained 
already  sealed  in  a  glass  tube.  In 
making  seals  near  the  sintered  disk, 
the  tubing  and  the  disk  should  be 


Figure  1 


heated  slowly  and  uniformly.  It  is  convenient  to  make  the  tubes 
leading  to  the  mercury  reservoir  so  long  that  when  the  line  is 
evacuated,  all  the  mercury  in  the  valve  can  be  withdrawn  with  a 
pressure  of  30  mm.  in  the  reservoir.  Then  a  water  aspirator  ma\' 
be  used  to  operate  the  valve. 

To  close  the  valve,  mercury  is  admitted  to  the  compartment 
which  is  at  the  higher  pressure.  The  gas  pressure  forces  the 
mercury  against  the  sintered  disk  and  prevents  flow  of  gas 
through  the  disk.  If  the  pressure  on  one  side  of  the  valve  fluctu¬ 
ates  during  the  experiment  above  and  below  the  pressure  on  the 
other  side,  mercury  should  be  placed  in  both  compartments. 
When  both  compartments  have  been  filled  with  mercury,  and  the 
valve  is  to  be  opened,  mercury  should  be  withdrawn  first  from  the 
compartment  which  is  at  the  lower  pressure.  This  procedure 
avoids  rapid  bubbling  of  the  gas  through  the  mercury  and  the 
possible  spraying  of  liquid  mercury  through  the  line. 

This  valve  possesses  the  advantages  and  the  disadvantages  of  a 
mercury  cutoff,  such  as  freedom  from  leaks,  no  contact  between 
gas  and  stopcock  lubricant,  and  contamination  of  the  gas  with 
mercury  vapor.  In  comparison  with  the  conventional  mercury 
cutoff,  it  is  more  compact  and  requires  less  mercury.  However, 
the  sintered  disk  offers  considerable  resistance  to  gas  flowr.  To 
measure  the  magnitude  of  this  effect,  a  series  of  flow  tests  was 
made  on  air  using  a  20-mm.  Pyrex  disk,  No.  39570  F.  The 
volume  of  air  flowing  through  the  disk  in  definite  time  intervals 
wTas  measured  with  a  wret  gas  meter,  and  the  pressure  difference 
across  the  disk  was  obtained  writh  a  dibutylphthalate  manometer. 
The  pressure  difference  across  the  disk  vcas  varied  over  the  range 
3.4  to  0.5  mm.  of  mercury.  The  experimental  rate  of  flow  was 
approximately  constant  over  the  given  pressure  range  and  was  6.5 
cc.  of  air  (25°,  1  atmosphere)  per  minute  per  mm.  of  pressure 
difference.  As  the  measurements  were  made  at  a  pressure  near  1 
atmosphere,  it  may  be  assumed  that  the  pore  diameter  is  large, 
relative  to  the  mean  free  path  of  the  gas  molecules  and  that  the 
flow  is  isothermal.  Calculations  show  that  a  disk  2  mm.  thick  is 
equivalent  to  a  capillary  tube  2  mm.  long  and  0.16  mm.  in 
diameter.  Obviously,  evacuation  will  take  longer  with  this 
valve  in  the  vacuum  line  than  with  the  usual  stopcock.  The 
speed  of  evacuation  may  be  increased  by  using  larger  disks. 
However,  for  kinetics  investigations,  traces  of  oxygen  or  other 
unwanted  gases  can  be  removed  by  flushing  the  reaction  cell  five 
or  six  times  with  the  reactant  gas.  The  flushing  procedure  is  just 
as  effective  and  takes  much  less  time  than  prolonged  evacuation 
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Lipoid  Oxidase  Studies 

A  Method  for  the  Determination  of  Lipoxidase  Activity 

R.  J.  SUMNER1 

New  York  State  Agricultural  Experiment  Station,  Geneva,  N.  Y. 


THE  work  of  Sumner  and  Sumner  (4)  proved  that  the 
bleaching  of  carotene  by  the  enzyme  “carotene  oxidase” 
is  an  indirect  result  of  the  action  on  unsaturated  fats  of  a  fat- 
peroxidizing  enzyme.  The  existence  of  this  lipoxidase  had 
been  noted  by  a  few  workers  ( 1 ,2,3). 

A  method  for  the  quantitative  determination  of  enzymic 
peroxidation  has  been  devised.  It  was  found  that  the  fat 
peroxides  in  dilute  water  suspension  oxidize  ferrous  iron,  and 
the  ferric  iron  formed  can  be  determined  colorimetrically  as 
the  thiocyanate,  according  to  the  following  reactions  (3) : 

— CH=CH—  +  02  llPoxidas_e_>  _CH_CH_ 

i— i> 

— CH — CH —  +  2Fe++  +  2H+  — >■  —  CH— CH—  +  2Fe+++ 
||  0  0 

0 - 0  H  H 

2Fe+++  +  6CNS-  — >-  Fe[Fe(CNS)6]  (colored) 

Details  of  Method 

In  a  clean,  dry  250-cc.  Erlenmeyer  flask  are  placed  5  mg.  of 
linoleic  acid  dissolved  in  5  cc.  of  acetone,  and  100  cc.  of  water  and 
5  cc.  of  citrate  buffer  (pH  6.5)  are  added.  [The  buffer  was  made 
by  mixing  55  cc.  of  a  solution  of  citric  acid  (21.008  grams  per 
liter)  and  sodium  hydroxide  (8  grams  per  liter)  with  45  cc.  of 
0.1  A  sodium  hydroxide.]  This  mixture  is  brought  to  25°  C.,  and 
1  cc.  of  aqueous  enzyme  extract  is  added  and  allowed  to  react 
for  the  desired  time,  the  flask  being  rotated  to  produce  adequate 
agitation.  Ten  cubic  centimeters  of  concentrated  hydrochloric 
acid  are  added  to  stop  the  reaction  and  to  provide  an  acid  medium 
for  the  oxidation  of  the  ferrous  iron  by  the  fat  peroxide,  and  1  cc. 
of  a  5  per  cent  solution  of  ferrous  ammonium  sulfate  in  3  per 
cent  hydrochloric  acid  is  added.  Either  of  the  procedures  dis¬ 
cussed  below  may  then  be  used. 


B.  Determination  of  Ferric  Thiocyanate  in  Isoamyl 
Alcohol.  Twenty  cubic  centimeters  of  the  oxidized  fatty  acid 
solution  are  transferred  by  means  of  a  pipet  to  a  100-ce.  test  tube, 
and  exactly  5  cc.  of  isoamyl  alcohol  are  added.  Then  5  cc.  of  a 
solution  of  20  per  cent  ammonium  thiocyanate  are  added,  and 
the  test  tube  is  stoppered  and  tipped  slowly  upside  down  about 
six  times.  This  gives  complete  extraction  of  the  color  without 
producing  emulsions  or  turbidity.  The  layers  are  allowed  to 
separate,  5  cc.  of  isoamyl  alcohol  are  added  and  uniformly  mixed 
by  gentle  swirling  of  the  tube,  and  5  cc.  of  the  red  isoamyl  alcohol 
layer  are  pipetted  into  a  25-cc.  volumetric  flask.  The  flask  is 
filled  to  the  mark  with  isoamyl  alcohol.  The  color  may  be 
measured  in  a  photoelectric  colorimeter,  as  in  procedure  A,  or  in 
a  Duboscq  colorimeter. 

In  either  procedure  the  ferric  iron  content  of  the  solution  is 
determined  in  micrograms  per  cubic  centimeter  by  reference 
to  a  standard  curve,  or  by  comparison  with  the  color  formed 
by  a  standard  iron  solution.  From  these  data  the  total  ferric 
iron  in  the  reaction  mixture  may  be  calculated.  A  simple 
straight-line  graph  is  convenient  for  this  calculation. 

With  either  method,  a  blank  determination  must  be  used 
to  compensate  for  the  iron  in  the  reagents  and  for  atmospheric 
oxidation  during  the  manipulation.  The  blank  determination 
is  carried  out  exactly  as  above,  except  that  the  enzyme  ex¬ 
tract  is  added  after  the  solution  has  been  acidified,  so  that  there 
is  no  enzyme  action.  The  ferric  iron  value  obtained  is  sub¬ 
tracted  from  the  value  for  the  active  reaction  mixture. 

Procedure  A  is  rapid  and  economical,  but  requires  the  use 
of  a  photoelectric  colorimeter,  since  the  red  color  in  water  and 
ethyl  alcohol  is  not  sufficiently  stable  for  use  in  a  visual  color¬ 
imeter.  Procedure  B  is  designed  for  application  of  the  method 
when  a  photoelectric  instrument  is  not  available. 

Application  of  the  Method 


Table  I.  Determination  of  Lipoxidase  Content 


2. 


Galvanom- 

Weight 

of 

Enzyme 

eter 

Net 

Total 

Time  of 

Enzyme 

Lipoxidase 

Source 

Reading 

Fe  +  +  + 
y/cc. 

Fe  +  +  + 
y/cc. 

Fe  +  +  + 

7 

Reaction 

Min. 

Source 

Gram. 

Content 
Units/ gram 

Soybean  meal 

No.  1 

Blank 

19.6 

64.0 

2.99 

0.62 

2.37 

607 

0.5 

0.01 

0.01 

34,700 

No.  2 

Blank 

19.3 

64.0 

3.03 

0.62 

2.41 

617 

0.5 

0.01 

0.01 

35,200 

Green  beans 

No.  1(a) 

14.4 

3.67 

2.91 

746 

7 

0.5 

72.0 

No.  1(b) 
Blank 

28.3 

59.3 

2.20 

0.76 

1.44 

369 

4 

0.5 

0.5 

A.  Determination  of  Ferric  Thiocyanate  in  Alcohol- 
Water  Solution.  Ten  cubic  centimeters  of  the  above  mixture 
are  transferred  to  the  colorimeter  cell.  Exactly  15  minutes  after 
the  addition  of  the  ferrous  salt  (15  minutes  was  found  necessary 
for  complete  decomposition  of  the  fat  peroxide),  10  cc.  of  ethyl 
alcohol  are  added  to  the  contents  of  the  cell.  This  removes  the 
turbidity  produced  by  the  presence  of  the  fat.  One  cubic  centi¬ 
meter  of  20  per  cent  ammonium  thiocyanate  is  added  and  the 
colorimeter  cell  (a  large  test  tube)  is  shaken.  The  tube  is  placed 
in  the  colorimeter  and  the  galvanometer  scale  reading  is  recorded. 
[Wratten  filter  No.  65  (green)  was  used  in  the  colorimeter.] 
Atmospheric  oxidation  of  the  ferrous  iron  produces  a  slow  drift 
in  the  scale  reading  if  the  solution  stands  for  any  length  of  time. 


1  Present  address,  Mellon  Institute,  Pittsburgh,  Penna. 


On  the  basis  of  this  analytical  technique,  a 
unit  of  lipoxidase  was  defined  as  the  activity 
which,  in  the  presence  of  5  mg.  of  linoleic  acid 
in  the  described  mixture,  catalyzes  the  reaction 
of  1  microgram  of  oxygen  in  1  minute  at  25°  C. 
at  pH  7. 

Using  aqueous  suspensions  of  the  pulverized 
materials  as  enzyme  extracts,  the  lipoxidase 
content  of  various  enzyme  sources  was  com¬ 
pared.  Since  in  the  early  stages  the  amount 
of  peroxidation  was  not  directly  proportional 
to  the  time  of  reaction,  it  was  necessary  to 
establish  the  configuration  of  the  reaction  curve 
in  each  case.  The  enzyme  concentration  was 
calculated  from  a  time  interval  lying  on  the 
straight-line  portion  of  the  curve.  A  collection  of  illustrative 
data  is  presented  in  Table  I. 

In  Table  I,  the  galvanometer  readings  indicate  the  amount 
of  light  transmitted  by  the  ferric  thiocyanate  solution.  The 
calibration  curve  formed  by  plotting  the  galvanometer  read¬ 
ings  against  the  ferric  thiocyanate  concentration  is  logarith¬ 
mic  in  form.  Hence,  at  high  color  concentrations  the  sen¬ 
sitivity  of  the  method  decreases,  the  useful  limit  of  concen¬ 
tration  being  about  4  micrograms  of  ferric  iron  per  cc. 

It  is  obvious  from  Table  I,  that  the  use  of  a  short  reaction 
time  and  a  diluted  enzyme  extract  multiplies  the  error  when 
calculating  the  lipoxidase  concentration,  although  in  such 
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Table  II.  Quantitative  Comparison  of  Lipoxidase  Sources 


Lipoxidase  Unitage  per  Gram 


Enzyme  Source 

Fresh  weight 

Dry  weight 

Soybean  meal  - 

35.000 

Peas  (green  Telephone) 

1,400 

6,220 

Potatoes  (fresh  Irish  Cobbler) 

378 

2,150 

Wheat  germ 

810 

Green  string  beans 

71 

790 

Alfalfa,  freshly  cut 

26 

90 

Asparagus  (Green  Jumbo) 

7.2 

74 

1  Dry  Seneca  soybeans,  ground  and  thoroughly  extracted  with  petroleum 

ether  at  25°  C. 


cases  the  reaction  curve  can  be  considered  to  be  a  straight  line, 
which  simplifies  the  determination.  In  the  second  example 
presented,  the  enzyme  concentration  was  calculated  from 
a  3-minute  interval  lying  on  the  straight-line  portion  of  the 
curve  formed  by  plotting  peroxidation  against  time. 

Table  II  presents  the  results  of  the  investigation. 


Summary  and  Conclusions 

A  rapid  colorimetric  method  for  the  determination  of  the 
activity  of  the  enzyme  lipoxidase  is  based  upon  the  fact  that 
the  resulting  fat  peroxide  oxidizes  ferrous  iron.  The  ferric  ion 
formed  is  determined  as  the  colored  thiocyanate  complex  by 
means  of  a  photoelectric  colorimeter. 

The  lipoxidase  content  of  several  vegetables  was  compared 
by  means  of  this  method. 
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Separation  and  Determination  of  Protein  Sulfur, 
Sulfide  Sulfur,  and  Other  Sulfur 

In  Sodium  Sulfide  Dispersions  of  Keratins 

EARL  F.  POTTER  AND  CHASE  BREESE  JONES 

Western  Regional  Research  Laboratory,  Bureau  of  Agricultural  Chemistry  and  Engineering,  Albany,  Calif. 


DURING  a  study  by  the  junior  author  of  the  dispersion  of 
certain  keratins  in  solutions  of  sodium  sulfide,  it  became 
desirable  to  determine  separately  the  protein  sulfur,  sulfide 
sulfur,  and,  as  a  third  fraction,  other  sulfur  compounds.  A 
review  of  the  literature  failed  to  provide  a  method  suitable 
for  such  a  separation.  Theis  and  Ricker  ( 9 )  studied  the 
inorganic  sulfur  compounds  produced  during  prolonged  action 
of  alkaline  sulfide  solutions  on  cowhide,  but  they  reported  no 
work  on  the  protein  sulfur. 

Several  methods  for  obtaining  the  desired  separation  were 
tried,  including  treatment  of  the  dispersion  with  mineral 
acids,  with  lead  acetate,  and  with  trichloroacetic  acid. 

Treatment  of  the  dispersion  with  mineral  acids  would  re¬ 
lease  hydrogen  sulfide  from  sulfides  present,  but  this  treat¬ 
ment  would  also  release  sulfur  dioxide  from  sulfites  and  bisul¬ 
fites  and,  if  the  acid  were  sufficiently  concentrated,  sulfur 
from  thiosulfates.  The  acid  concentration  required  to  pre¬ 
cipitate  the  protein  was  sufficiently  high  to  release  sulfur 
dioxide  from  sulfites  and  precipitate  sulfur  from  thiosulfates. 

Precipitation  of  the  dispersion  with  normal  lead  acetate, 
filtering,  and  washing  with  hot  ammonium  acetate  and  then 
with  hot  water  separated  the  other  sulfur  compounds  from 
the  protein  and  lead  sulfide  formed  but  provided  no  means 
of  separating  the  two  latter  groups. 

The  protein  dispersion  is  colloidal,  and  mineral  salts  are 
effective  in  flocculating  the  disperse  phase.  As  aluminum 
salts  are  very  effective  in  flocculation  ( 6 )  a  water  suspension 
of  basic  aluminum  acetate  was  found  to  precipitate  the  pro¬ 
tein  present  and  also  to  liberate  hydrogen  sulfide  from  the 
sodium  sulfide  present.  The  use  of  basic  aluminum  acetate 
was  also  found  to  be  applicable  to  the  separation  of  sulfides 
from  sulfites,  thiosulfates,  and  sulfates. 

Three  dispersions  were  analyzed  by  the  method  discussed 
in  this  paper. 


The  protein  materials  used  were  chicken  feathers,  hog  hair,  and 
wool.  The  sulfur  contents  of  these  materials,  based  upon  their 
air-dry  weight,  were:  chicken  feathers,  2.3  per  cent;  hog  hair, 
5.6  per  cent;  and  wool,  3.6  per  cent.  The  keratin  dispersions 
were  prepared  by  a  modification  of  the  method  described  by 
Goddard  and  Michaelis  (4).  These  dispersions  contained  about 
7  per  cent  of  the  protein  material  in  0.1  M  sodium  sulfide.  Total 
sulfur  was  determined  in  the  protein  materials  by  an  alkaline 
permanganate  fusion  (8).  The  official  magnesium  nitrate  igni¬ 
tion  (2)  and  the  alkaline  permanganate  fusion  (8)  were  used  on 
the  precipitated  proteins,  and  the  two  methods  gave  the  same 
results.  Magnesium  nitrate  did  not  wet  the  chicken  feathers, 
and  so  was  not  used  for  the  determination  of  total  sulfur  in  this 
material. 

The  basic  aluminum  acetate  method  was  also  tried  on 
solutions  of  sodium  sulfide,  both  by  itself  and  mixed  with 
some  other  sulfur  salts,  to  determine  whether  it  would  be 
successful  in  separating  sulfide  sulfur  from  other  sulfur 
compounds.  Also,  sodium  sulfide  and  other  sulfur  salts  were 
added  to  the  feather  dispersion  and  the  sulfide  sulfur  was 
separated  by  the  aluminum  acetate. 

Reagents 

Basic  aluminum  acetate,  suspension  of  5  grams  in  100  ml.  of 
water. 

Lead  acetate,  basic,  dry  powder,  a  1  per  cent  solution,  as  for 
sugar  analysis  by  the  Horne  method. 

Bromine-hydrobromic  acid,  equal  volumes  of  48  per  cent 
hydrobromic  acid  and  bromine. 

Magnesium  nitrate,  dissolve  150  grams  of  magnesium  oxide  in 
nitric  acid  (1  +  1),  avoiding  an  excess  of  acid.  Add  a  little 
magnesium  oxide  in  excess,  filter  from  excess  of  magnesium  oxide, 
iron  oxide,  etc.,  and  dilute  to  1  liter  ( 1 ). 

Potassium  permanganate,  a  saturated  solution. 

Sodium  hydroxide,  a  15  per  cent  solution;  also  solid. 

Nitrogen,  compressed. 

Hydrochloric  acid,  concentrated  and  diluted  1  to  1  with  water. 

Sodium  carbonate,  solid,  anhydrous. 

Methyl  orange,  water  solution,  0.5  gram  per  liter. 

Barium  chloride,  a  10  per  cent  solution. 
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Carbon  disulfide,  analytical  reagent. 

iV-Octadecyl  alcohol,  a  saturated  solution  in  95  per  cent  ethyl 
alcohol. 

Ammonium  hydroxide,  concentrated. 

Procedure 

A  2-ml.  sample  (weighed)  of  the  keratin  dispersion  was  washed 
into  a  flat-bottomed  vial  ( D ,  Figure  1)  with  the  minimum  amount 
of  water  necessary  and  5  ml.  of  w-octadecyl  alcohol  reagent  were 
added  to  minimize  foaming.  Basic  aluminum  acetate  suspension 
was  added,  the  mixture  was  heated,  and  the  hydrogen  sulfide 
evolved  was  swept  with  nitrogen  into  a  basic  lead  acetate  solu¬ 
tion.  This  reaction  was  carried  out  in  the  apparatus  shown  in 
Figure  1. 

Two  milliliters  of  the  basic  aluminum  acetate  were  drawn  into 
the  pointed  tube,  C,  a  clamp  at  A  was  tightened  and  another  at 
B  loosened,  the  T-tube  was  connected,  and  C  was  lowered  into 
the  solution  in  vial  D.  Nitrogen  was  then  turned  on  so  that  3  or 
4  bubbles  a  second  passed  through  the  water  in  bottle  H.  Con¬ 
nections  were  completed  with  test  tubes  F  and  G;  vial  D  was 
lowered  into  boiling  water  in  the  400-ml.  Griffin  beaker,  E;  the 
clamp  at  A  was  loosened  and  that  at  B  tightened,  whereupon  the 
stream  of  nitrogen  drove  the  basic  aluminum  acetate  into  the 
dispersion,  precipitating  the  protein  and  evolving  hydrogen 
sulfide  from  sulfides  present.  The  hydrogen  sulfide  was  carried 
into  the  basic  lead  acetate  solution  in  F,-  precipitating  lead  sul¬ 
fide.  Tube  G  also  contained  basic  lead  acetate  and  was  used  only 
as  a  precaution.  All  the  hydrogen  sulfide  was  driven  off  in  5 
to  10  minutes  and  further  heating  was  avoided,  since  it  caused 
the  protein  to  stick  to  vial  D.  The  stopper  containing  tube  C 
was  removed  from  D  while  the  nitrogen  was  still  bubbling  through 
it  to  prevent  protein  material  from  collecting  inside  the  tube. 

The  protein  was  broken  up  with  a  rubber-tipped  stirring  rod, 
transferred  to  filter  paper  in  a  Buchner  funnel,  and  washed  thor¬ 
oughly  with  hot  water.  The  final  volume  of  the  filtrate  was 
usually  about  250  to  300  ml.  The  protein  was  then  ignited  with 
about  15  ml.  of  magnesium  nitrate  solution  or  with  10  ml.  of 
permanganate  solution  plus  1  ml.  of  15  per  cent  sodium  hydroxide. 

The  alkaline  permanganate  fusion  was  made  at  600  °  C.  instead 
of  at  500°  C.  as  in  the  original  method  ( 8 ),  but  after  fusion  the 
mixture  was  treated  as  directed  by  Pollock  and  Partansky  (8). 
The  magnesium  nitrate  ignition  mixture  was  analyzed  by  the 
A.  O.  A.  C.  method  (£).  After  the  ignition  mixture  was  dissolved, 
the  solution  was  made  just  acid  to  methyl  orange  by  the  proper 
use  of  ammonium  hydroxide  and  hydrochloric  acid.  About 
0.5jml.  of  hydrochloric  acid  per  100  ml.  of  solution  was  then 
added  and  the  solution  was  heated  to  boiling.  Two  milliliters 
of  the  barium  chloride  solution  were  then  slowly  added  from  a 
pipet,  with  constant  stirring  of  the  solution.  The  solutions  were 
kept  at  about  40°  C.  overnight,  filtered  through  weighed  Gooch 
crucibles,  and  the  precipitated  barium  sulfate  was  washed  with 


hot  water.  The  barium  sulfate  was  then  ignited  at  a  cherry  red 
heat  in  a  muffle  furnace  (about  650°  C.)  to  constant  weight,  cooled 
for  an  hour  in  a  desiccator,  and  weighed. 

The  filtrate  from  the  precipitated  protein  contained  the  other 
sulfur  compounds.  To  it  were  added  about  5  grams  of  sodium 
hydroxide  and  5  ml.  of  bromine  water.  The  solution  was  kept 
alkaline  (3).  It  was  heated  on  a  steam  bath  for  an  hour,  acidified 
with  hydrochloric  acid  (1  +  1),  and  boiled  to  expel  bromine, 
and  the  sulfur  was  determined  as  before. 

The  sulfide  sulfur  was  determined  by  dissolving  the  lead  sulfide 
in  tube  F  (Figure  1)  in  3  ml.  of  bromine-hydrobromic  acid  mix¬ 
ture,  heating  gently  until  all  bromine  was  driven  off,  then  cooling 
and  neutralizing  with  sodium  carbonate.  Tail-form  beakers 
were  used  to  avoid  loss  by  effervescence.  An  excess  of  about 
1  gram  of  sodium  carbonate  was  added  and  the  solution  was 
boiled  for  about  15  minutes.  Lead  carbonate  was  precipitated 
and  sodium  sulfate  remained  in  solution.  The  lead  carbonate 
was  filtered  off  and  freed  from  sodium  sulfate  by  washing.  The 
filtrate  was  then  made  slightly  acid  with  hydrochloric  acid  (1  + 
1)  and  the  sulfur  was  determined  as  before. 

The  amount  of  basic  aluminum  acetate  necessary  to  precipitate 
the  protein  and  drive  off  the  hydrogen  sulfide  was  determined  by 
treating  the  dispersion  with  measured  quantities  of  basic  alu¬ 
minum  acetate,  boiling  until  the  hydrogen  sulfide  was  all  evolved, 
and  testing  the  solution  with  a  drop  of  10  per  cent  normal  ace¬ 
tate.  The  time  necessary  to  remove  the  hydrogen  sulfide  was 
also  determined  by  testing  at  intervals  with  lead  acetate  paper. 
Care  was  taken  to  have  all  rubber  and  glass  connections  per¬ 
fectly  dry  before  the  operation  was  started,  so  that  no  hydrogen 
sulfide  would  be  dissolved  in  the  water  present. 

Preliminary  determinations  of  the  sulfur  content  of 
methionine  and  cystine  were  made  by  the  official  magnesium 
nitrate  method  and  the  alkaline  permanganate  fusion  method. 
The  results,  given  in  Table  I,  show  that  a  fusion  temperature 
of  600°  C.  must  be  used  with  the  alkaline  permanganate 
fusion  method  to  obtain  the  true  amount  of  sulfur  in  methio¬ 
nine.  The  results  obtained  by  this  method  compared  favor¬ 
ably  with  those  obtained  by  the  magnesium  nitrate  ignition. 

Results  and  Discussion 

Three  sodium  sulfide  dispersions  of  keratins  were  analyzed 
for  total  sulfur  by  fusion  and  the  three  fractions  of  sulfur 
compounds  separated  from  each  dispersion  by  the  use  of 
basic  aluminum  acetate  were  also  analyzed  for  sulfur.  The 
analyses  were  made  in  duplicate  or  triplicate  on  freshly  pre¬ 
pared  dispersions.  Analyses  were  also  made  of  dispersions 


Figure  1.  Diagram  of  Apparatus 
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Table  I.  Determination  of  Sulfur 

(Comparison  of  magnesium  nitrate  method  and  alkaline  permanganate 

method) 

. - Sulfur  Obtained - '< 


Material 

Magnesium 

nitrate 

method 

Alkaline 

permanganate 

method 

500°  C.  600°  C. 

Sulfur 

theoretical 

% 

% 

/o 

% 

cU-Methionine 

21.52 

16.97 

21.56 

21.47 

21 . 55 

16.98 

21.53 

Z-C3’stine 

26.20 

26.40 

26.63 

26.36 

26.44 

Table  II.  Basic  Aluminum  Acetate  Separation  of  Sulfur 
in  Sodium  Sulfide  Dispersions  of  Keratins 


Protein 

Sulfur 

Sulfide 

Sulfur 

Other 

Sulfur 

Sum 

Total 

Sulfur 

by 

Fusion 

Method 

Mg./g. 

Mg./g. 

Mg./g. 

Mg./g. 

Mg./g. 

Feather  dispersion. 

2.3 

2.1 

1 . 1 

5 . 5 

5.3 

freshly  prepared 

2.4 

1.9 

1 . 1 

5 . 4 

o .  o 

Feather  dispersion, 

stood  1  month 

1.8 

None 

3.6 

5 . 4 

Hog  hair  dispersion, 

4.1 

1 . 5 

0.7 

6.3 

6.1 

freshly  prepared 

4.4 

1.3 

0.7 

6.4 

6.1 

4.1 

1.4 

0.6 

6.1 

Hog  hair  dispersion, 

4.2 

None 

2.2 

6.4 

stood  15  days 

4.1 

None 

2.2 

6.3 

Wool  dispersion,  freshly 

3.2 

1.5 

0.6 

5 . 3 

5.6 

prepared 

3.4 

1.7 

0.5 

5 . 6 

5 . 5 

that  had  stood  in  the  laboratory  for  some  time.  The  results 
of  these  analyses  are  given  in  Table  II. 

To  test  for  the  possible  formation  of  elemental  sulfur  in  the 
protein  fraction  upon  standing,  the  protein  was  separated  from 
duplicate  samples  of  a  hog  hair  dispersion  that  had  stood  in  the 
laboratory  for  15  days.  One  protein  fraction  was  analyzed  as 
usual;  the  other  was  washed  twice  with  boiling  carbon  disulfide, 
after  which  it  was  dried  and  analyzed  for  sulfur.  The  results 
were  nearly  identical,  showing  that  no  sulfur  had  been  removed 
from  the  second  protein  fraction ;  moreover,  the  residue  from  the 
carbon  disulfide  used  in  washing  contained  no  sulfur. 

The  pH  of  a  freshly  prepared  feather  dispersion  was  12.0. 
One  milliliter  of  this  material  was  diluted  with  5  ml.  of  water 
(resulting  pH  10.6)  and  boiled  with  2  ml.  of  basic  aluminum 
acetate  (pH  4.5)  until  all  the  hydrogen  sulfide  was  driven  off. 
The  solution  was  then  cooled  and  again  tested  for  pH,  which  was 
found  to  be  4.5. 

Mixtures  of  the  feather  dispersion  and  various  sulfur  com¬ 
pounds  were  analyzed  by  the  basic  aluminum  acetate  method 
as  described.  Recovery  of  the  added  sulfur  was  complete  and 
the  amounts  of  protein  sulfur  and  sulfide  sulfur  in  the  dis¬ 
persion  were  not  affected.  When  sodium  sulfide  was  added 
to  the  dispersion,  the  protein  sulfur  remained  unchanged,  the 
sulfide  sulfur  increased  by  the  amount  present  in  the  sodium 
sulfide,  and  the  other  sulfur  fraction  also  increased  by  the 
amount  present  in  the  added  salt.  When  solutions  of  sodium 
sulfite,  sodium  thiosulfate,  and  potassium  sulfate  were  added 
to  the  protein  dispersion,  analyses  showed  that  the  protein  and 
sulfide  sulfur  of  the  dispersion  remained  unchanged,  the 
sulfur  of  the  added  salt  being  included  in  the  remaining  sulfur 
of  the  dispersion.  Sodium  bisulfite,  when  added  to  the  dis¬ 
persion,  did  not  behave  like  the  other  added  salts;  an  increase 
was  observed  in  both  the  protein  and  sulfide  sulfur  fractions. 
Results  of  the  analyses  of  mixtures  of  the  protein  dispersions 
with  added  sulfur  compounds  are  given  in  Table  III. 

The  sulfur  distribution  of  a  keratin  dispersion  in  sodium 
sulfide  solution  is  probably  the  result  of  an  equilibrium  be¬ 
tween  several  reactions  involving  the  inorganic  sulfide  ion 


and  the  disulfide  sulfur  of  the  protein.  Part  of  the  original 
sulfide  is  oxidized  to  disulfide  or  to  a  polysulfide  during 
reduction  of  the  cystine  residues  of  the  keratin  (J).  Another 
reaction  that  would  also  result  in  a  decrease  of  the  sulfide-ion 
concentration  is  that  described  by  Nicolet  and  Shinn  (7). 
In  this  reaction  a  part  of  the  original  sulfide  sulfur  is  incor¬ 
porated  into  the  protein  molecule  by  addition  to  the  double 
bonds  formed  by  the  action  of  alkali  on  the  hydroxy  amino 
acid  residues  of  the  original  protein.  On  the  other  hand,  it  is 
possible  that  the  final  sulfide  sulfur  might  include  that  part 
of  the  cystine  sulfur  which  appears  as  inorganic  sulfide  during 
the  conversion  of  cystine  to  lanthionine — a  conversion  which, 
as  Horn  and  Jones  ( 5 )  have  shown,  occurs  upon  treatment  of 
proteins  with  sodium  sulfide. 

It  is  evident  from  the  foregoing  discussion  that  no  con¬ 
clusion  can  be  drawn  from  the  data  in  Table  II  as  to  the 
sources  of  the  sulfur  in  the  three  fractions.  Indeed,  this 
problem  lies  outside  the  scope  of  the  present  paper.  How¬ 
ever,  it  is  hoped  that  the  method  of  separation  and  deter¬ 
mination  of  the  sulfur  fractions  described  here  may  be  a  useful 
tool  (with  cystine  analyses,  for  example)  in  studies  of  the 
reactions  involved  in  the  dispersion  of  keratins  by  sodium 
sulfide  and  of  the  action  of  alkali  on  the  sulfur  of  proteins. 


Table  III.  Basic  Aluminum  Acetate  Separation  of  Sulfur 
in  Keratin  Dispersions  Plus  Added  Sulfur  Compounds 


Protein 

Sulfur 

Sulfide 

Sulfur 

Other 

Sulfur 

Sum 

Total 
Sulfur  a 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Protein  dispersion  (1  gram) 

2.3 

2.1 

1.1 

5 . 5 

5 . 4 

2.4 

1.9 

1.1 

5.4 

5 . 5 

Sodium  sulfide  (1  ml.) 

None 

2.2 

1.4 

3.6 

3.4 

None 

2.3 

1.4 

3.7 

3.6 

Protein  dispersion  (1  gram) 

2.3 

4.2 

2.4 

8.9 

9.4 

-f-  sodium  sulfide  (1  ml.) 

2.4 

4.1 

2.5 

9.0 

9.2 

Protein  dispersion  (1  gram) 

2.5 

1.9 

7.7 

12.1 

11.9 

+  sodium  thiosulfate  (1 

2.3 

2.0 

7.9 

12.2 

12.2 

ml.) 

Protein  dispersion  (1  gram) 

2.4 

1.9 

2.7 

7.0 

6.9 

+  sodium  sulfite  (1  ml.) 

2.3 

2.0 

2.6 

6.9 

6,9 

Protein  dispersion  (1  gram) 

2.5 

2.0 

4.4 

8.9 

8.6 

+  potassium  sulfate  (1 

2.4 

1.9 

4.5 

8.8 

8.7 

ml.) 

Protein  dispersion  (1  gram) 

2.8 

2.9 

1.2 

6.9 

6.7 

+  sodium  bisulfite  (1 

2.9 

2.6 

1 . 1 

6.6 

7.0 

ml.) 

a  Alkaline  permanganate  fusion  method. 


Summary  of  Results 

The  sulfur  in  sodium  sulfide  dispersions  of  keratins  may  be 
separated  into  three  parts:  protein  sulfur,  sulfide  sulfur,  and 
other  sulfur  compounds  by  means  of  basic  aluminum  acetate. 

Sulfides  may  be  separated  from  sulfites,  thiosulfates,  and 
sulfates,  but  not  from  bisulfites,  by  treatment  with  basic 
aluminum  acetate. 
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A  RESEARCH  project  at  this  laboratory  involved  the 
accurate  determination  of  the  carotene  content  of  many 
samples  of  fresh  and  dehydrated  vegetable  products.  (Caro¬ 
tene  referred  to  in  this  paper  includes  both  alpha-  and  beta- 
carotene,  in  most  cases  approximately  10  per  cent  alpha  and 
90  per  cent  beta.)  The  methods  commonly  used  at  present 
for  the  determination  of  carotene  in  plant  materials  depend 
upon  the  phasic  separation  of  carotene  from  interfering  pig¬ 
ments.  The  carotene  is  extracted  from  the  plant  material 
with  solvents,  such  as  alcohol  or  acetone,  and  then  usually 
removed  from  the  original  extractant  with  petroleum  ether. 
A  number  of  workers  (1,  S,  4,  9)  have  shown,  however,  that 
the  petroleum  ether  phase  obtained  from  dehydrated  and 
stored  plant  materials  or  silage  may  still  contain,  after  final 
purification,  noncarotene  chromogens,  which  are  estimated 
as  carotene. 

Several  methods  (1,  2,  4)  have  been  published  in  which  the 
noncarotene  chromogens  are  removed  by  contact  adsorption 
or  by  passage  through  a  Tswett  column.  In  these  procedures 
it  is  often  necessary  to  activate  the  adsorbent  and  to  carry 
out  preliminary  phasic  separation  with  petroleum  ether  from 
the  original  solvent. 

A  procedure  has  been  devised  at  this  laboratory  for  the 
determination  of  carotene  in  dehydrated  plant  products  with 
an  adsorbent  that  requires  no  special  activation  and  no 
phasic  separation.  The  steps  in  brief  consist  of  (1)  extraction 
with  a  mixture  of  30  per  cent  acetone  and  70  per  cent  Skelly- 
solve  B,  (2)  removal  of  most  of  the  acetone  by  evaporation, 
(3)  separation  of  the  carotene  from  interfering  pigments  by 
passage  through  an  adsorption  column  of  activated  mag¬ 
nesium  oxide,  and  (4)  washing  with  3  to  5  per  cent  acetone  in 
Skellysolve  B.  The  adsorbent  is  a  modified  mixture  of 
Micron  Brand  activated  magnesium  oxide  No.  2641  and  Hyflo 
Super-Cel,  first  introduced  by  Strain  (5)  for  the  chroma¬ 
tographic  separation  of  various  carotenoid  pigments. 

Procedure 

Extraction  of  Carotene.  Dehydrated  plant  material 
(1.00  gram),  ground  to  40-mesh  or  smaller,  with  a  carotene 
range  of  50  to  500  micrograms  per  gram  is  used  for  the  deter¬ 
mination.  One-half  or  2-gram  samples  should  be  taken  if  the 
carotene  content  deviates  from  this  range.  The  apparatus  used 
at  this  laboratory  is  either  a  300-ml.  standard  taper  Erlenmeyer 
flask  with  a  condenser  and  heated  on  a  hot  plate,  or  a  Soxhlet 
apparatus  with  a  500-ml.  Soxhlet  flask.  The  material  is  refluxed 
for  half  an  hour  with  100  ml.  of  a  mixture  of  30  per  cent  acetone 
and  70  per  cent  Skellysolve  B  in  the  first  apparatus,  or  for  1 
hour  with  200  ml.  if  the  Soxhlet  apparatus  is  used,  operating  at 
a  rapid  siphon  rate.  If  the  former  apparatus  is  used,  the  sample 
is  filtered  on  a  sintered-glass  funnel  (coarse  porosity)  into  a 
500-ml.  filter  flask  and  washed  with  approximately  25  ml.  of  the 
Skellysolve  three  or  four  times.  The  filter  flask,  or  the  Soxhlet 
flask,  containing  the  extract  is  placed  directly  in  a  steam  bath  and 
evaporated  to  25  to  50  ml.  Under  no  circumstance  should  all 
the  solvent  be  evaporated,  since  this  would  destroy  some  of  the 
carotene.  This  extraction  procedure  removes  all  the  carotene 
but  not  all  the  chlorophyll. 

Separation  of  Carotene  from  Other  Pigments  by  Chroma¬ 
tographic  Adsorption.  (This  laboratory  is  at  present  using 
similar  principles  in  large-scale  preparation  of  carotene.)  The 
adsorbent  used  is  composed  of  three  parts  of  Hyflo  Super- 
Cel  and  one  part  of  Micron  Brand  magnesium  oxide,  a  specially 
activated  product  readily  obtained  on  the  commercial  market 
at  low  cost.  A  453-gram  (1-pound)  batch  of  adsorbent  is  con¬ 
veniently  prepared  by  spreading  the  Super-Cel  and  magnesium 
oxide  on  a  large  sheet  of  paper  and  mixing  by  turning  over  the 


heap  approximately  ten  times,  or  rotating  in  a  ball  mill  with  the 
balls  omitted. 

The  adsorption  tube  is  made  from  a  test  tube  approximately 
23  X  200  mm.  with  a  piece  of  glass  tubing  attached  to  the  bot¬ 
tom.  A  plug  of  cotton  or  glass  wool  is  put  in  the  bottom,  and 
the  adsorption  tube  is  connected  to  a  suction  flask  or  a  large 
vacuum  desiccator  or  suction  bell  jar.  If  the  two  latter  devices 
are  used,  the  receiver  may  be  a  100-ml.  or  250-ml.  volumetric 
flask,  thus  avoiding  later  transference  of  the  solution  to  the 
volumetric  flask.  With  the  full  vacuum  of  a  water  pump,  the 
adsorbent  is  added  until  the  height  of  the  column  is  about  two- 
thirds  to  three-fourths  the  height  of  the  adsorption  tube.  All 
the  adsorbent  is  firmly  pressed  with  a  plunger  consisting  of  a 
glass  rod  and  properly  fitting  cork,  and  the  column  is  washed 
with  approximately  50-ml.  of  Skellysolve,  which  is  then  dis¬ 
carded.  The  evaporated  extract  is  poured  on  the  wet  adsorbent 
column,  which  removes  all  the  pigments.  The  flask  and  column 
are  washed  with  a  mixture  of  3  to  5  per  cent  acetone  in  Skelly¬ 
solve  B  until  the  solvent  comes  through  colorless.  The  washings 
may  be  continuous  or  intermittent.  Usually  a  total  of  100  ml.  is 
necessary.  Full  suction  must  be  used  with  all  the  operations. 

The  chlorophyll  and  xanthophyll  are  held  firmly  at  the  top 
of  the  column,  as  are  most  of  the  other  noncarotene  pigments. 
The  carotene  is  washed  through  the  column  by  the  acetone- 
Skellysolve  mixture.  The  acetone  is  necessary  because  pure 
Skellysolve  elutes  the  carotene  from  the  column  too  slowly  to  be 
of  value’  in  routine  analysis.  Occasionally  a  small  amount  of 
noncarotene  chromogen  may  be  slowly  washed  down  the  column. 
The  carotene  is  eluted  much  more  rapidly,  however,  and  no  inter¬ 
ference  results,  particularly  if  the  final  washings  are  pure  Skelly¬ 
solve  B.  In  most  cases  the  adsorbent  may  be  used  a  number  of 
times  before  it  is  discarded.  The  whole  procedure  of  adsorption 
and  elution,  usually  run  in  duplicate,  takes  from  5  to  10  minutes. 

Determination  of  Carotene.  The  carotene  solution  is 
made  to  volume  and  determined  in  any  of  the  usual  ways.  In 
this  laboratory  a  Lumetron  photoelectric  colorimeter  provided 
with  an  H-4  mercury  arc  light  and  with  two  Corning  No.  511 
filters  plus  a  neutral  gray  filter  or  two  Coming  No.  511  filters 
plus  a  Coming  Noviol  N  038  filter  were  used.  Since  the  caro¬ 
tene  solution  being  estimated  was  relatively  pure,  both  filter 
combinations  gave  the  same  results,  but  the  latter  filter  set, 
transmitting  at  440  m/i,  is  intrinsically  more  accurate.  A  stand¬ 
ard  calibration  curve  was  made  from  S.  M.  A.  carotene  that  was 
90  per  cent  beta  and  10  per  cent  alpha,  purified  according  to  the 
method  of  Fraps  and  Kemmerer  ( 1 ).  All  the  carotene  in  the  sam¬ 
ples  was  estimated  as  beta-carotene,  although  a  small  but  variable 
fraction  was  alpha-carotene. 

Extraction  of  Fresh  Samples 

A  procedure  developed  by  Moore  and  Ely  (5)  in  which  the 
Waring  Blendor  is  used  to  extract  carotene  from  fresh  plant 
samples  by  means  of  a  foaming  mixture  of  alcohol  and  petro¬ 
leum  ether  was  tested,  and  with  some  shght  modifications 
proved  to  be  excellent. 

A  10-gram  sample  of  finely  minced  plant  material  is  extracted 
with  150  ml.  of  95  per  cent  ethyl  alcohol  and  75  ml.  of  Skelly¬ 
solve  B  in  a  Waring  Blendor  for  5  to  10  minutes.  More  alcohol 
is  added  if  the  mixture  does  not  foam.  The  authors  found  it 
convenient  to  regulate  the  speed  of  the  blender  with  a  voltage 
controller.  The  extract  and  finely  divided  plant  material  are 
transferred  to  a  fritted-glass  filter  by  means  of  a  piece  of  wide- 
bore  glass  tubing  connected  to  the  filter  with  a  rubber  stopper. 
The  filter  is  attached  to  a  suction  flask.  The  container  of  the 
blender  is  alternately  washed  with  alcohol  and  Skellysolve  until 
the  filtrate  running  into  the  suction  flask  is  colorless.  It  was 
found  advisable  to  remove  the  alcohol  and  extracted  water  from 
the  Skellysolve  in  a  separatory  funnel.  One  hundred  milliliters 
of  water  containing  about  5  grams  of  sodium  sulfate  are  added 
to  the  alcohol-Skellysolve  mixture,  and  the  lower  aqueous  alcohol 
solution  is  drawn  off.  The  aqueous  solution  is  extracted  three 
times  with  30  ml.  of  Skellysolve.  The  sodium  sulfate  aids  in 
clearing  troublesome  emulsions,  which  may  occur  from  time  to 
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Table  I.  Recovery  of  Pure  Carotene  after  Passage 
through  Magnesium  Oxide  Adsorbent 


Extinction 


Stock 

Stock  solution 

Recovered 

solution 

adsorbed 

% 

0.500 

0.510“ 

102.0 

0.534 

0.532 

99.6 

0.260 

0.260 

100.0 

0.260 

0.255 

98.1 

Av.  99.9 

“  Stock  solution  concentrated  in  vacuo  prior  to  adsorption. 


time.  Fifty  milliliters  of  water  are  poured  through  the  com¬ 
bined  petroleum  ether  fractions,  the  water  is  drawn  off,  and  the 
petroleum  ether  is  concentrated  to  approximately  25  ml.  The 
magnesium  oxide  is  stable  to  small  amounts  of  alcohol,  so  that 
the  prolonged  extraction  of  the  petroleum  ether  with  water  to  re¬ 
move  alcohol,  as  described  by  Moore  {4),  is  unnecessary.  A  few 
grams  of  anhydrous  sodium  sulfate  are  added  to  the  Skellysolve 
to  remove  moisture,  and  a  small  layer  of  sulfate  is  placed  above 
the  adsorbent  as  a  precautionary  measure.  The  rest  of  the  pro¬ 
cedure  is  the  same  as  that  described  for  dehydrated  material. 

Discussion  and  Results 

The  various  steps  in  the  procedures  were  carefully  checked. 

Carotene  Recovery.  A  purified  sample  of  90  per  cent  beta 
and  10  per  cent  alpha-carotene  was  used  for  carotene  recovery 
tests.  An  aliquot  of  a  stock  solution  was  made  to  a  100-ml. 
volume  and  read  in  the  colorimeter.  A  similar  aliquot  was 
washed  through  the  adsorption  column  with  3  to  5  per  cent 
acetone  in  Skellysolve  B,  made  to  volume,  and  read.  In  other 
cases  the  aliquot  was  made  to  100  ml.,  concentrated  in  vacuo, 
and  washed  through  the  adsorbent. 

The  results  are  shown  in  Table  I. 

The  recovery  of  carotene  added  to  samples  of  dehydrated, 
stored  pea  and  lima  bean  vines  that  had  been  shown  to  con¬ 
tain  considerable  noncarotene  chromogens  is  shown  in  Table 
II.  These  results  show  that  by  the  extraction  and  adsorp¬ 
tion  procedure  outlined  quantitative  recovery  of  carotene  may 
be  obtained  both  with  pure  carotene  (Table  I)  and  with  caro¬ 
tene  added  to  plant  samples  (Table  II). 

Effect  of  Evaporation  on  Carotene.  Data  on  the  effect  of 
vacuum  versus  steam  concentration  of  the  petroleum  ether 
extracts  are  given  in  Table  III.  Carotene  is  not  affected  by 
evaporation  on  a  steam  bath  under  the  experimental  condi¬ 
tions. 

Comparison  of  the  Adsorption  Method  with  Phasic 
Procedures.  The  determination  of  carotene  in  dehydrated 
and  fresh  or  frozen  plant  materials  by  the  adsorption  method 
was  compared  with  the  widely  used  Peterson-Hughes- 
Freeman  (7)  technique  as  modified  by  Peterson  (6).  After 
the  carotene  was  determined  in  the  Skellysolve  extract  ob- 


Table  II.  Recovery  of  Carotene  Added  to  Dehydrated 
Plant  Samples 


Carotene 

Carotene 

Carotene 

Carotene 

in)Sample 

Added 

Theoretical 

Found 

Recovered 

7 

7 

7 

7 

% 

72.6 

114.3 

186.9 

190.0 

101.5 

8.6 

114.3 

122.9 

122.8 

100.0 

37.2 

114.3 

151.5 

152.2 

100.5 

62.8 

114.3 

177.1 

171.5 

96.8 

77.9 

114.3 

192.2 

190.0 

98.8 

Av.  99.5 

Table  III.  Effect  of  Evaporation  on  Carotene 

Carotene 


Dehydrated  Sample  Vacuum  Steam 

Micrograms  per  gram 

Savoy  cabbage  leaves  280 . 0  282 . 0 

Broccoli  leaves  28i.O  270.0 

Carrots  (vacuum-dried)  486.0  486.0 

Carrots  (air-dried)  70.4  71.4 


tained  by  the  Peterson-Hughes-Freeman  method,  an  aliquot 
of  the  same  solution  was  passed  through  the  magnesium 
oxide  absorbent  column.  Other  samples  were  analyzed 
directly  by  the  method  described  here.  In  this  way  a  com¬ 
parison  of  the  extraction  and  determination  of  carotene  by 
the  new  technique  could  be  obtained,  since  the  Peterson- 
Hughes-Freeman  technique  and  its  modifications  give  ex¬ 
cellent  extraction  of  carotene.  The  results  shown  in  Table 
IV  were  obtained  on  samples  dehydrated  and  stored  for 
different  periods  of  time,  on  others  dehydrated  and  analyzed 
immediately,  and  on  fresh  and  frozen  samples. 

The  results  in  Table  IV  are  typical  of  those  obtained  on  a 
large  number  of  samples.  It  is  apparent  that  the  phasic 
method  records  as  carotene  a  considerable  amount  of  non¬ 
carotene  material,  since  on  passing  the  extracts  through  the 
magnesium  oxide  column  lower  values  are  always  obtained. 


Table  IV.  Carotene  Content  of  Dehydrated  and  Fresh 
Vegetable  Products 


(Determined  by  the  Peterson-Hughes-Freeman  technique  and  by  the  adsorp¬ 
tion  procedure) 

Carotene  Found 
PHF 
procedure 

PHF  followed  by  Adsorption 
procedure  adsorption  procedure 


Dehydrated  samples 
Pea  vines 

Brocooli  leaves  and  petiole 
Hubbard  squash  rind 
Pepper 

Lima  bean  leaves 
Lima  bean  vines,  laboratory 
dried 

Lima  bean  vines,  commercially 
dried 

Asparagus  tops 
Spinach 

Fresh  or  frozen  samples 
Lima  bean  silage 
Frozen  savoy  cabbage  leaves” 
Frozen  lima  bean  leaves” 
Frozen  carrots  and  peas 
Fresh  spinach 


Micrograms  per  gram 


73.6 

47.0 

46.2 

259.0 

186.0 

192.0 

68.7 

39.6 

40.0 

45.7 

20.4 

20.4 

209.0 

164.0 

170.0 

76.0 

61.3 

59.3 

53.2 

27.8 

26.0 

379.0 

334.0 

310.0 

878.0 

828.0 

810.0 

36.8 

21.2 

21.2 

372.0 

293.0 

292.0 

363.0 

344.0 

348.0 

94.0 

95.5 

87.8 

7(L5 

74.3 

“  Results  expressed  on  dry-weight  basis. 


These  lower  values  agree  very  well  with  those  obtained  by  the 
present  method.  The  adsorption  procedure  not  only  removes 
chlorophyll  and  xanthophyll  but  also  the  less  common  pig¬ 
ments,  such  as  lycopene  and  the  noncarotene  pigments  of 
peppers,  squash,  and  pumpkin.  Samples  that  had  been  de¬ 
hydrated  and  stored  showed  a  considerably  greater  propor¬ 
tion  of  noncarotene  pigments  than  dehydrated  samples 
analyzed  immediately.  Samples  stored  for  3  to  6  months  at 
room  temperature  lost  large  amounts  of  carotene,  some  un¬ 
doubtedly  being  converted  into  noncarotene  pigments,  which 
are  estimated  as  carotene  by  phasic  procedures.  Moore  (4) 
and  Fraps  and  Kemmerer  ( 1 )  have  presented  similar  results. 
The  adsorption  procedure  also  lemoves  considerable  non¬ 
carotene  impurities  from  silage.  On  the  whole  the  results  of 
the  phasic  procedures  show  better  agreement  with  those  of 
the  adsorption  technique  when  fresh  and  frozen  vegetable 
materials  are  used  than  on  dried  or  ensiled  samples. 

A  comparison  of  the  values  obtained  by  the  magnesium 
oxide  adsorbent  with  those  obtained  by  the  Baker’s  c.  p. 
analyzed  dicalcium  phosphate  adsorbent  described  by 
Moore  (4)  indicates  that  the  adsorbents  would  give  identical 
results.  In  many  cases,  however,  it  was  necessary  to  re¬ 
adsorb  the  eluate  that  had  passed  through  the  dicalcium 
phosphate  in  order  to  remove  small  amounts  of  chlorophyll. 
In  addition,  the  dicalcium  phosphate  at  times  may  have  to 
be  specially  activated  in  the  laboratory.  It  is  very  suscep¬ 
tible  to  traces  of  polar  solvents  and  much  more  expensive 
than  the  infusorial  earth-magnesium  oxide  mixture,  so  that 
it  is  not  so  well  adapted  to  routine  procedures. 
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Duplicates  run  by  the  adsorption  method  agree  within  3 
to  5  per  cent.  It  is  difficult  to  estimate  the  accuracy  of  the 
determination,  since  a  small  and  variable  amount  of  alpha- 
carotene  and  possibly,  with  some  materials,  other  carotene 
isomers  are  estimated  as  beta-carotene.  Carotene-recovery 
tests  and  comparison  with  other  extraction  procedures  in¬ 
dicate,  however,  that  the  adsorption  procedure  is  consider¬ 
ably  more  accurate  than  phasic  procedures  in  determining  the 
carotene  content  of  dehydrated  and  stored  feeds  or  silage 
and  the  recovery  of  carotene  by  this  method  is  of  a  high 
order.  The  authors  have  observed  that  the  adsorbent  will 
qualitatively  separate  alpha-  and  beta-carotene  if  the  column 
is  washed  with  pure  Skellysolve  B  or  Skellysolve  B  and  1  per 
cent  or  less  acetone,  and  that  carotene  from  yellow  corn  may 
easily  be  separated  from  cryptoxanthin  by  this  procedure. 

Summary 

A  rapid,  reproducible  method  for  the  determination  of 
carotene  in  plant  materials,  either  dehydrated  or  fresh,  has 
been  described  in  detail.  The  method  for  dehydrated 
products  consists  essentially  of  extraction  of  carotene  with 
a  mixture  of  30  per  cent  acetone  and  70  per  cent  Skellysolve 
B,  and  subsequent  separation  of  the  carotene  (alpha  and 
beta)  from  interfering  pigments  on  a  column  of  three  parts  of 
Hyflo  Super-Cel  and  one  part  of  Micron  Brand  activated 


magnesium  oxide.  This  adsorbent  requires  no  special  lab¬ 
oratory  activation  and  does  not  destroy  carotene.  For 
dehydrated  materials,  phasic  operations  are  completely 
eliminated,  thus  making  the  method  much  more  rapid  than 
any  of  the  published  phasic  procedures.  Fresh  material  is 
extracted  by  modification  of  the  Moore  and  Ely  method  in 
which  the  Waring  Blendor  is  used.  A  comparison  of  the 
results  obtained  by  the  method  described  with  those  ob¬ 
tained  by  the  Peterson-Hughes-Freeman  method  indicates 
that  considerable  amounts  of  noncarotene  pigments  are 
estimated  by  procedures  based  on  the  phasic  separation  of 
carotene  from  noncarotene  pigments. 
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Studies  in  Filter  Photometry 

M.  C.  SCHWARTZ  and  L.  W.  MORRIS 
Louisiana  State  University,  Baton  Rouge,  La. 


THE  single  barrier  layer  photocell  is  one  of  the  most 
widely  used  instruments  of  this  nature,  and  has  been 
subject  to  the  most  varied  manner  of  empirical  calibration. 
There  is  a  definite  need  for  improvement,  particularly  in  re¬ 
spect  to  the  exactness  and  fundamental  nature  of  the  measure¬ 
ments  made  and  being  reported  with  these  instruments. 
Muller  (3)  has  reviewed  the  literature  of  photoelectric  pho¬ 
tometers  comprehensively ;  hence  there  is  no  need  of  consi dering 
this  aspect  further. 

The  most  important  use  of  filter  photometers  is  in  colori¬ 
metric  analysis.  When  the  solution  obeys  Beer’s  law,  the 
relationship  between  log  transmittance  and  concentration  is 


linear.  The  need  for  instrument  calibration  in  transmittance 
or  its  logarithm  is  obvious.  Sheard  and  States  ( 6 )  have  sum¬ 
marized  the  situation  existing  with  the  use  of  barrier  layer 
photocell  photometers  when  they  state  that  failure  to  obey 
Beer’s  law  has  been  ascribed  more  frequently  to  the  photocell 
than  to  the  lack  of  monochromatic  illumination.  Experi¬ 
mental  work  was  undertaken  to  determine  the  effect  of  the 
wave  band  of  spectral  illumination  on  the  type  of  analytical 
calibration  curve  obtained.  The  colorimetric  determination 
of  silica  by  means  of  the  silicomolybdic  acid  reaction  was  used 
as  a  test  method  and  is  particularly  interesting  because  the 
absorption  occurs  in  a  spectral  region  of  minimum  sensitivity. 


Figure  1.  Filter  Photometer 
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Figure  2.  Filter  Photometer 


A. 

Light 

E. 

F.lter  holder 

B. 

Lens 

F. 

Shutter 

C. 

Heat-absorbing  filter  holder 

G. 

Absorption  cell  holder 

D. 

Lens 

H. 

Barrier  layer  photocell 

Filter  Photometer 

The  photometer  consists  of  lamp  and  ventilated  lamp  housing 
to  which  is  attached  a  collimating  tube  containing  a  lens  for  pro¬ 
ducing  parallel  rays  of  light,  a  holder  for  a  heat-absorbing  filter, 
and  another  lens  for  producing  a  very  slightly  divergent  beam  of 
light.  A  light-tight  box  with  hinged  cover  contains  a  shutter 
and  an  external  handle  which  moves  it  in  and  out  of  the  path  of 
light,  a  holder  for  two  absorption  vessels  which  may  alternately  be 
moved  in  and  out  of  the  path  of  the  light  by  an  external  handle, 
and  a  barrier  layer  cell.  On  the  outside  of  the  box  is  the  holder 
for  filters.  An  air  gap  is  provided  between  the  two  separate  por¬ 
tions  of  the  photometer  but  stray  light  is  excluded  by  overlapping 
collimating  tubes.  The  apparatus  is  pictured  in  Figure  1 . 


Figure  3.  Filter  Photometer  Circuit 


A  schematic  diagram  of  the  filter  photometer  is  represented  in 
Figure  2  and  the  electrical  circuit  for  obtaining  potentiometric 
photocurrent  balance  is  presented  in  Figure  3.  The  light  source 
is  a  32-  or  50-candlepower,  6-  to  S-volt  lamp,  the  lenses  are  of  the 
simple  convex  type,  the  heat-absorbing  filter  is  Corning  Xo.  397, 
the  absorption  cells  are  50  X  50  X  50  mm.  and  50  X  50  X  10 
mm.,  the  barrier  layer  cell  is  a  Weston  Model  Xo.  594,  Type  1  or 
Type  2,  and  the  filters  are  of  Corning  glass.  The  measurements 
are  actually  made  in  terms  of  per  cent  absorption  from  which  per 
cent  transmittance  is  easily  computed.  Since  the  position  of  the 
lamp  holder  is  adjustable,  the  light  source  can  be  easily  changed. 
In  addition  to  the  lamps  mentioned  above  a  Westinghouse  85- 
watt  mercury  vapor  lamp  was  used  and  a  110-volt,  100-watt  pre¬ 
focus  lamp.  A  heavy-duty  storage  battery,  trickle  charger,  G. 
M.  galvanometer  Xo.  2564-C,  1.5-volt  dry  cell,  General  Radio 
Co.  variable  resistors,  and  International  Resistance  Co.  fixed 
resistors  complete  the  list  of  apparatus. 

In  order  to  secure  photocurrent  from  the  photocell  propor¬ 
tional  to  the  light  intensity  it  is  necessary  to  use  sufficiently 
low  values  of  external  circuit  resistance.  However,  it  is  also 


true  that  when  the  light  intensity  and  photocurrent  are  low, 
the  linear  response  of  the  photocell  is  less  affected  by  an  in¬ 
creased  value  of  the  external  resistance.  In  fact,  if  the  prod¬ 
uct  of  external  resistance  times  the  current  delivered — that 
is,  the  terminal  potential  of  the  barrier  layer  cell — is  assigned 
an  upper  limit  by  the  conditions  of  the  experiment,  then  there 
exists  assurance  that  the  non-linearity  will  be  below  some  fixed 
value.  This  is  obtained  in  the  circuit  employed,  using  low 
values  of  illumination  range  resistance  for  high  values  of 
illumination  (large  photocell  currents)  and  vice  versa,  because 
their  product  is  limited  by  the  magnitude  of  the  balancing 
voltage  across  the  potentiometer.  Thus  uniform  character¬ 
istics  are  obtained  for  wide  ranges  of  illumination.  Experi¬ 
mental  conditions  were  such  that  a  linear  response  of  the 
photocell  to  light  intensity  could  be  reasonably  expected. 

The  stability  and  reproducibility  of  the  filter  photometer 
were  evidenced  not  only  by  consistent  readings  over  a  period 
of  several  months  but  by  securing  reproducible  values  of 
transmittance  even  when  changing  the  light  intensity  from 
that  of  32-  and  50-candlepower,  6- volt  lamps  to  that  of  a  110- 
volt,  100-watt  lamp  and  when  changing  the  current  and 
spectral  sensitivity  from  those  of  Type  2  to  Type  1  photronic 
cells.  On  several  occasions  the  instrument  was  dismantled 
and  reassembled;  after  alignment,  the  transmittance  figures 
previously  secured  were  reproduced. 

Photometer  Operation 

1.  The  light  source  is  illuminated  by  the  6- volt  battery. 

2.  The  1.5-volt  battery  is  turned  on. 

3.  Distilled  water  is  used  for  a  reference  solvent.  With  dis¬ 
tilled  water  in  the  light  beam  and  switch  S  in  the  zero  absorption 
position,  the  galvanometer  is  adjusted  to  zero  with  the  “zero” 
dial.  If  necessary,  the  illumination  range  resistance  is  changed 
to  make  this  possible. 

4.  With  switch  S  in  the  100  per  cent  absorption  position  and 
the  shutter  now  placed  in  the  light  beam,  the  galvanometer  is  ad¬ 
justed  to  zero  with  the  “100  per  cent”  dial.  If  necessary,  the 
concentration  range  resistance  is  changed  to  make  this  possible. 

5.  3  is  rechecked. 

6.  With  the  unknown  solution  brought  into  the  light  beam 
and  switch  S  in  center  or  absorption  position,  the  galvanometer  is 
adjusted  to  zero  with  the  absorption  dial.  The  absorption  dial  is 
calibrated  from  0  to  100  in  0.5  divisions  and  reads  directly  in  per 
cent  absorption.  100  —  the  dial  reading  equals  per  cent  trans¬ 
mittance. 

The  two  branches 
of  the  potentiom¬ 
eter  circuit  render 
it  possible  to  make 
the  full  range  of  the 
0-100  scale  cover  a 
narrower  range  of 
absorption  than  0- 
100  if  it  is  desirable 
to  do  so.  The  in¬ 
troduction  of  this 
feature  necessarily 
complicates  the  cir¬ 
cuit  by  the  addition 
to  the  basic 
balancing  circuit,  in 
which  the  output 
voltage  of  the  bar¬ 
rier  layer  cell  across 
the  illumination 
range  resistor  is 
balanced  potentio- 
metrically  against  a 
standardized  drop, 
of  another  poten¬ 
tial  divider  cir- 


Figure  4.  Transmittance  of 
SlLICOMOLYBDIC  ACID 
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Table  I.  Transmittance 


Transmittance® 

Concentration 

Full  range  0-100% 

Full  range  0-24  % 

P.  p.  m.  SiO 2 

% 

% 

2 

83.5 

78 

5 

64.5 

53 

10 

44 

26 

15 

32 

10 

“  Filter  photometer;  filter  combination  No.  511,  4  mm.,  and  No.  038,  2 
mm.;  50-mm.  liquid  depth;  silica  from  sodium  silicate. 


Table  II.  Tbansmittance  of  Silicomolybdic  Acid 

- - Wave  Length,  Millimicrons - 


Concentration 

390 

400 

410  420 

Transmittance® 

440 

470 

P.  p.  m.  SiOi 

% 

% 

% 

% 

% 

% 

2 

68 

76 

82 

87 

95 

99.5 

5 

42 

52 

61 

70 

87 

97.5 

10 

21 

30 

41 

52 

77 

96 

20 

6 

11 

17 

30 

61 

92 

50 

.  . 

0.5 

2 

6 

30 

82 

a  Coleman  double  monochromator  spectrophotometer,  19-mm.  liquid 
depth,  Si02  from  sodium  silicate. 


cuit  to  establish  a  “false”  zero  for  the  barrier  layer  cell  when 
the  equivalent  scale  range  is  “spread”.  This  is  done  by  using 
a  standard  solution  instead  of  the  shutter  in  step  4 — for  ex¬ 
ample,  20  p.  p.  m.  of  silica  show  an  absorption  of  24  per  cent. 
With  such  a  solution  in  place  (more  conveniently  done  by  us¬ 


ing  a  buffered  potassium  chromate  liquid  standard  for  silica) 
the  full  range  of  the  absorption  dial  covers  0-24  rather  than  0- 
100.  Characteristic  results  of  such  a  test  are  shown  in  Table  I. 

As  a  reference  instrument  a  Coleman  double  monochrom- 
ater  spectrophotometer  was  used. 

Reagents  and  Procedure 

Ammonium  molybdate  solution,  10.0  grams  of  ammonium 
molybdate  tetrahydrate  per  100  ml.  of  distilled  water. 

Hydrochloric  acid  solution,  one  volume  of  concentrated  acid  to 
one  volume  of  distilled  water. 

Sodium  silicate  solution,  3.0  grams  of  sodium  carbonate  fused 
with  0.2000  gram  of  pure,  dry  silica,  dissolved  in  200  ml.  of  dis¬ 
tilled  water,  and  diluted  tenfold  if  desirable. 

The  ammonium  molybdate  and  hydrochloric  acid  solutions  are 
kept  in  Pyrex  bottles;  the  sodium  silicate  solution  is  stored  in  a 
hard-rubber  bottle. 

To  the  100-ml.  sample  are  added  and  mixed  4  ml.  of  ammonium 
molybdate  solution  and  2  ml.  of  hydrochloric  acid  solution  in 
rapid  succession.  It  is  advisable  to  wait  5  to  10  minutes  for  full 
color  development. 


WAVE  LENGTH  ,  MILLIMICRONS 

Figttee  6.  Spectral  Transmission  of  Filters 


As  fundamental  data  the  spectral  transmittance  of  silico¬ 
molybdic  acid,  covering  a  reasonable  range  of  concentration, 
was  secured  with  the  Coleman  spectrophotometer  (Table  II 
and  Figure  4).  The  data  of  Table  II  are  replotted  to  give  log 
per  cent  transmittance  vs.  concentration  at  constant  wave 
length.  As  the  data  of  Figure  5  show,  the  analytical  linear 
calibration  curves  begin  to  deviate  at  wave  lengths  below  400 
millimicrons.  For  maximum  sensitivity  it  is  preferable  to 
work  in  the  neighborhood  of  410  millimicrons. 

Several  investigators  using  filter  photometers  have  em¬ 
ployed  filters  in  this  range  of  wave  length.  With  the  Pulfrich 
photometer  for  measuring  instrument,  Krumholz  (2)  used  a 
470  millimicron  filter;  Strohecker,  Vaubel,  and  Breitwiesser 
(7)  and  Robinson  and  Spoor  (5)  used  a  430  millimicron  filter; 
while  Pinsl  (4)  used  a  mercury  vapor  lamp  and  mercury  (436) 
filter.  Knudson,  Juday,  and  Meloche  (1)  used  the  Corning 
No.  511,  Cenco  No.  1,  and  Evelyn  No.  420  filters  in  a  filter 
photometer.  An  examination  of  the  Corning  filter  catalog 
indicated  the  use  of  filters  511  and  038.  The  data  of  Table 


Figure  5 
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Figuhe  7 


Table  III.  Spectral  Transmission  op  Filters 


Corning  Filter  Combinations 


Wave  Length 

No.  511, 
4  mm. 

No.  511,4  mm.  No.  397, 
No.  038,  2  mm.  2  mm. 
Transmission0 

No.  511,  4  mm. 
No.  038,  2  mm. 
No.  397,  2  mm. 

Millimicrons 

% 

% 

% 

% 

350 

4.0 

23.5 

360 

8.0 

29.0 

370 

15.0 

35.0 

380 

25.5 

42.0 

390 

34.0 

o.o 

47.5 

400 

38.0 

1.0 

51  .0 

0.5 

410 

37.0 

5.5 

54.0 

3.0 

420 

33.0 

12.0 

7.0 

430 

26.0 

15.0 

58.0 

8.5 

440 

18.0 

12.5 

7.5 

450 

11.0 

8.0 

6i.5 

5.5 

460 

5.5 

4.5 

3.0 

500 

.  . 

67.0 

°  Coleman  double  monochromator  spectrophotometer. 


Table  IV.  Transmittance  of  Silicomoltbdic  Acid 

Filter  Combinations 
No.  511, 

4-mm. 

No.  511,  No.  511,  No.  038,  Hg  Vapor  Lamp 
4-mm.,  4-mm.,  2-mm.,  No.  50 

10  mm.  50  mm.  50  mm.  50  mm.  10  mm. 

of  liquid  of  liquid  of  liquid  of  liquid  of  liquid 

Concentration  / - Transmittance® - — 


P.  p.  m.  S1O2 

% 

% 

% 

% 

% 

2 

94 

65 

83.5 

83 

95 

4 

70.5 

5 

89 

43 

64.5 

63 

89.5 

10 

82 

26 

44 

41 

82 

15 

74 

32 

28 

20 

•  • 

. . 

24 

20 

68 

25  . .  . .  19 

°  Filter  photometer,  SiC>2  from  sodium  silicate. 


deviation  above  10  p.  p.  m.  become  more  noticeable  as  the 
solution  thickness  and  concentration  increase.  The  data 
furnished  by  the  investigation  show  that  the  controlling  factor 
in  obtaining  linear  analytical  calibration  curves  with  a  filter 
photometer  is  in  securing  the  proper  wave  band  of  light; 
when  the  spectral  region  is  properly  defined  for  a  particular 
analysis  and  the  more  nearly  the  spectral  region  isolated  ap¬ 
proaches  the  ideal,  the  more  sensitive  and  in  general  the  more 
nearly  linear  the  calibration  curves  become.  The  effective¬ 
ness  of  a  spectrophotometer  at  once  becomes  obvious  and  the 
apparent  failure  of  a  solution  to  obey  Beer’s  law  as  obtained 
on  many  filter  photometers  is  no  doubt  due,  in  part  anyway, 
to  improper  wave-length  selection,  particularly  in  using  wide 
wave  bands. 

The  calculated  specific  extinction  coefficient  per  1  cm.  of 
liquid  thickness  and  per  1  p.  p.  m.  of  silica  for  the  511-038 
filter  combination  is  0.007  (0.006  to  0.008)  as  compared  to 
0.006  for  the  comparable  440  millimicron  data  on  the  Coleman 
spectrophotometer.  Strohecker,  Vaubel,  and  Breitwiesser 
(7)  obtained  an  average  value  of  0.010,  using,  however, 
different  reagent  strengths  for  developing  the  color  reaction. 
The  specific  extinction  coefficient  for  the  410  millimicron  data 
on  the  Coleman  spectrophotometer  is  0.021  (0.020  to  0.023). 
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Ill  and  Figure  6  present  the  spectral  transmission  of  these 
filters,  including  the  heat-absorbing  filter  No.  397,  taken  with 
the  Coleman  spectrophotometer. 

The  transmittance  of  silicomolybdic  acid  solutions,  through 
a  reasonable  range  of  concentration,  was  determined  with  the 
filter  photometer  using  various  combinations  of  filters  and 
fight  sources  (Table  IV).  The  data  of  Table  IV  are  likewise 
replotted  to  give  log  per  cent  transmittance  vs.  concentration 
at  different  filter  combinations.  The  data  presented  in 
Figure  7  show  in  accordance  with  information  secured  by  the 
spectrophotometer  that  the  filter  combination  Nos.  511  and 
038,  giving  as  they  do  a  narrow  band  of  fight  in  the  proper 
spectral  region,  give  closest  approach  to  a  linear  analytical 
curve  when  using  filters.  Somewhat  better  agreement  using 
the  mercury  vapor  lamp  and  filter  is  in  further  accord  with  the 
need  for  wave-length  selection.  This  effect  and  the  resulting 
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Quantitative  Determination  of  Methoxyl  and 

Ethoxyl  Groups 

LLOYD  M.  COOKE  AND  HAROLD  HIBBERT,  McGill  University,  Montreal,  Canada 


THE  determination  of  alkoxyl  groups  is  based  on  their 
conversion  into  volatile  alkyl  iodides  on  treatment  of  an 
alkoxyl-containing  compound  with  constant-boiling  hydriodic 
acid.  The  direct  determination  of  total  alkoxyl,  or  of  meth¬ 
oxyl  or  ethoxyl  alone,  is  accomplished  very  readily  by  the 
Zeisel  procedure  (<§)  as  modified  by  Viebock  (4, 5)  and  by  Frie¬ 
drich  (£).  In  this  procedure  the  alkyl  iodide,  after  passing 
through  a  scrubber  solution  of  cadmium  sulfate  and  sodium 
thiosulfate  (to  remove  hydriodic  acid)  is  oxidized  to  iodate  in 
a  bromine-glacial  acetic  acid-potassium  acetate  solution 
(. 5 )  according  to  the  following  reactions: 

Br2  +  RI  -*  RIBr,  —  RBr  +  IBr 
IBr  +  2Br2  +  2H20  — HI03  +  5HBr 

The  resulting  iodate  is  then  determined  iodometrically  by 
conversion  to  free  iodine,  which  is  titrated  with  sodium  thio¬ 
sulfate. 

In  order  to  differentiate  between  methyl  iodide  and  ethyl 
iodide,  the  difference  in  solubility  of  tetramethyl  ammonium 
iodide  and  of  trimethylethyl  ammonium  iodide  in  alcohol  is 
employed. 

In  the  method  of  Willstatter  and  Utzinger  (6),  the  alkyl  iodides 
are  absorbed  in  a  10  per  cent  absolute  alcoholic  trimethylamine 
solution.  Although  the  reaction  between  trimethylamine  and 
methyl  iodide  is  rapid  (98  per  cent  complete  in  1  hour),  that  with 
ethyl  iodide  is  very  much  slower;  in  consequence,  the  absorption 
solution  is  allowed  to  stand  for  at  least  24  hours  before  the  tri¬ 
methylethyl  ammonium  iodide  is  separated  from  the  tetramethyl 
ammonium  iodide  by  extraction  of  the  mixture  of  iodides  with 
absolute  alcohol.  Each  of  the  iodides  is  then  determined  gravi- 
metrically  by  conversion  to  silver  iodide  with  aqueous  silver 
nitrate.  When  Wilson  (7),  however,  showed  that  100  cc.  of  ab¬ 
solute  alcohol  dissolve  0.040  gram  of  tetramethyl  ammonium 
iodide  at  25°  C.,  Phillips  and  Goss  (3)  modified  the  Willstatter 
procedure  by  applying  a  correction  for  the  solubility  of  the  tetra¬ 
methyl  salt  in  the  alcohol.  In  the  Phillips  and  Goss  procedure 
100-  to  300-mg.  samples  of  known  mixtures  of  p-ethoxybenzoic 
acid  and  anisic  acid  were  used. 

In  order  to  avoid  the  necessity  of  correcting  for  the  solubility 
of  the  tetramethyl  salt  in  absolute  ethanol,  Wilson  suggested  the 
use  of  a  saturated  solution  of  tetramethyl  ammonium  iodide  in 
this  solvent  as  the  trimethylethyl  salt  extractant.  This  modi¬ 
fication  has  been  incorporated  in  a  tentative  A.  O.  A.  C.  method 
for  the  determination  of  methanol  in  distilled  liquors  ( 1 ). 

There  are  several  disadvantages  in  Willstatter ’s  (6)  pro¬ 
cedure  for  the  determination  of  methoxyl  and  ethoxyl  groups 
even  after  the  above  modifications  are  included.  In  the  first 
place,  during  the  hydrolytic  stage  of  the  process,  the  tetra¬ 
methyl  ammonium  iodide  separates  in  the  absorption  tubes 
in  the  form  of  minute  crystals  which  tend  to  adhere  firmly  to 
the  side  of  the  tubes  or  flasks.  Such  crystals  must  be  care¬ 
fully  separated  with  a  rubber  policeman  or  fine  feather;  the 
removal  of  those  crystals  adhering  to  the  inside  of  the  small¬ 
bore  delivery  tube  is  particularly  difficult.  Secondly,  in  order 
to  isolate  the  ethyl  derivative  it  is  necessary  to  allow  the  ab¬ 
sorption  solution  to  stand  for  at  least  24  hours.  Even  after 
this  period,  it  is  generally  found  that  the  quantity  of  trimethyl¬ 
ethyl  ammonium  iodide  isolated  is  somewhat  less  than  the 
theoretical  value.  Finally,  the  yield  of  the  two  iodides  is 
determined  gravimetrically,  either  directly  as  the  quaternary 
ammonium  iodide  ( 1 )  or  as  silver  iodide. 

The  present  investigation  was  carried  out  with  the  idea  of 
eliminating  the  tedious,  time-consuming  steps  in  this  proce¬ 


dure  and  developing  a  simpler  and  more  accurate  method  for 
the  simultaneous  determination  of  methoxyl  and  ethoxyl 
groups. 

The  first  difficulty,  that  of  the  complete  removal  of  the  crys¬ 
talline  tetramethyl  salt,  was  overcome  by  washing  out  the 
absorption  tubes  with  a  small  quantity  of  water  followed  by 
stock  97  per  cent  ethanol.  As  a  result  of  this  innovation,  the 
necessity  for  using  an  absolute  ethanol  solution  of  trimethyl¬ 
amine  was  also  avoided,  95  to  97  per  cent  ethanol  being  found 
satisfactory.  The  addition  of  water  necessitated  the  drying  of 
the  mixed  quaternary  ammonium  iodides  prior  to  the  ex¬ 
traction  of  the  ethyl  salt,  but  this  step  presented  no  difficulty. 

Table  I.  Efficiency  of  Absorption  of  Methyl  Iodide  from 

Vanillin 


(10-  to  15-mg.  samples  in  10%  alcoholic  trimethylamine) 


No.  of 
Absorption 

Absorption 

Tetramethyl  Salt 
Extracted  with 

OMe 

(Theoretical 

Tubes 

Solution 

Absolute  EtOH 

Value  20.4) 

2 

HOAc-Bro 

20.3 

2 

HOAc-Br2 

20.2 

2 

HOAe-Br2 

20.2 

2 

(CH3)3N 

No 

19.8 

2 

(CH3)3N 

No 

20.0 

2 

(CH3)3N 

Yes 

19.9 

2 

(CH3)3N 

Yes 

19.7 

2 

(CHj)3N 

Yes 

19.3 

2 

(CH3)3N 

Yes 

19.9 

2 

(CH3)3N 

Yes 

19.9 

3 

(CH3)3N 

No 

20.3 

3 

(CH3)3N 

No 

20.0 

3 

(CH3)3N 

No 

20.2 

3 

(CH3)3N 

(CH3)3N 

Yes 

20.3 

3 

Yes 

19.7 

3 

(CH3)3N 

Yes 

20.0 

3 

(CH3)3N 

Yes 

20.2 

The  weakest  point  in  the  present  methods  for  a  combined 
methoxyl-ethoxyl  determination  lies  in  the  fact  that  it  is 
difficult  to  isolate  the  ethyl  iodide  quantitatively.  Will¬ 
statter  (6)  showed  that  the  formation  of  trimethylethyl  am¬ 
monium  iodide  is  9  per  cent  complete  in  one  hour,  77  per  cent 
in  6  hours,  and  only  90  per  cent  in  24  hours.  In  order  to  avoid 
this  difficulty  it  was  found  that  the  determination  could  be  run 
in  less  time  and  with  greater  accuracy  by  first  determining 
total  alkoxyl  according  to  the  standard  Viebock-modified 
Zeisel  procedure,  then  determining  the  methoxyl  content 
alone  according  to  the  modified  Willstatter  procedure  de¬ 
scribed  below. 

In  order  to  simplify  the  actual  determination  of  the  tetra¬ 
methyl  ammonium  iodide  the  gravimetric  method  was  re¬ 
placed  by  a  volumetric  method,  using  the  same  reagents  and 
procedure  employed  in  the  total  alkoxyl  determination  ac¬ 
cording  to  Viebock  (4,  5). 

Procedure 

Methoxyl  Determination.  A  sample  of  10  to  20  mg. 
(having  from  10  to  40  per  cent  alkoxyl  calculated  as  methoxyl)  in 
a  tin-foil  microcontainer  is  added  to  the  reaction  vessel  of  the 
Zeisel  apparatus  containing  the  standard  reaction  mixture  of 
constant-boiling  hydriodic  acid  (5  cc.),  phenol  (2.5  grams),  and 
a  small  piece  of  Nichrome  wire.  The  procedure  for  this  phase 
of  the  determination  duplicates  that  of  the  standard  \  iebock- 
Schwappach  except  for  the  substitution  of  a  total  of  15  cc.  of  a 
10  per  cent  ethanol  solution  of  trimethylamine  as  the  absorption 
solution  in  place  of  the  acetic  acid-potassium  acetate  solution  of 
bromine,  and  the  use  of  three  test  tubes  as  receivers  (the  15  cc. 
of  absorption  solution  being  divided  into  6-cc.,  5-cc.,  and  4-cc. 
portions,  respectively). 
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At  the  end  of  a  reflux  period  of  50  minutes  the  liquid  contents 
of  the  absorption  tubes  are  transferred  to  a  50-cc.  Erlenmeyer 
flask  with  ethanol  (95  to  100  per  cent).  The  crystalline  residues 
left  in  the  first  and  second  absorption  tubes  are  then  washed  with 
2-cc.  portions  of  water  to  dissolve  the  crystals  of  tetramethyl 
ammonium  iodide  adhering  to  the  glass,  then  with  two  subse¬ 
quent  portions  of  ethanol.  The  combined  absorption  solutions 
plus  washings  are  allowed  to  stand  for  at  least  3  hours  at  room 
temperature.  A  small  boiling  chip  of  porous  plate  is  then  added 
to  the  flask  and  the  contents  are  evaporated  almost  to  dryness 
on  a  steam  bath,  or  by  use  of  a  hot  plate  (if  carefully  watched  to 
prevent  complete  evaporation  with  resulting  decomposition  of 
the  quaternary  iodides).  Complete  drying  is  effected  by  leaving 
for  12  hours  in  a  vacuum  desiccator  containing  calcium  chloride. 
The  trimethylethyl  ammonium  iodide  is  then  extracted  as  fol¬ 
lows: 

A  3-cc.  portion  of  a  filtered,  saturated  solution  of  tetramethyl 
ammonium  iodide  in  absolute  ethanol  is  added  to  the  flask  by 
means  of  a  medicine  dropper  pipet.  (If  absolute  ethanol  alone  is 
used  as  extractant,  a  correction  of  0.2  cc.  of  thiosulfate  for  9  cc. 
of  ethanol  extractant  must  be  added  to  the  quantity  of  thiosul¬ 
fate  used  in  the  titration.)  After  the  mixture  has  been  shaken 
gently  for  about  1  minute,  the  crystalline  product  is  allowed  to 
settle  on  one  side  of  the  tilted  flask  and  the  supernatant  liquor  is 
transferred  to  a  glass-nail  suction  filter  by  means  of  a  second 
pipet.  This  treatment  is  repeated  twice.  After  the  final  decanta¬ 
tion  the  transfer  pipet  is  dried  free  from  ethanol  in  a  slow  cur¬ 
rent  of  air,  and  the  traces  of  tetramethyl  compound  are  dissolved 
in  distilled  water.  The  aqueous  solution  is  placed  in  a  second 
flask,  which  also  contains  the  air-dried  filter  paper.  The  residual 
contents  of  the  original  Erlenmeyer  are  freed  from  traces  of  etha¬ 
nol  in  a  vacuum  desiccator.  After  1  to  2  hours  of  this  vacuum 
treatment,  the  aqueous  contents  of  the  second  flask  are  trans¬ 
ferred  to  the  original  flask,  and  the  aqueous  solution  of  tetra¬ 
methyl  ammonium  iodide  is  then  ready  for  volumetric  determina¬ 
tion. 

The  aqueous  solution  of  the  quaternary  ammonium  iodide  is 
treated  with  10  cc.  of  a  saturated  glacial  acetic  acid  solution  of 
potassium  acetate  containing  8  to  10  drops  of  bromine  for  2  to  3 
minutes,  followed  by  the  addition  of  5  cc.  of  25  per  cent  aqueous 
sodium  acetate.  The  bromine  is  reduced  with  10  drops  of  formic 
acid  (80  to  90  per  cent)  and  the  resulting  clear  solution  then  treated 
with  5  cc.  of  10  per  cent  aqueous  potassium  iodide  solution  and 
5  cc.  of  10  per  cent  sulfuric  acid.  The  liberated  iodine  is  titrated 
with  standard  (0.05  N)  thiosulfate,  using  starch  solution  as  an 
internal  indicator. 


Table  II.  Methoxyl-Ethoxyl  Analyses 

F  ound  Calculated 


Compound 

OMe 

OEt 

OMe 

OEt 

Vanillin 

20.2 

0.1 

20.4 

0.0 

Vanillin 

20.1 

0.2 

— 

_ 

Vanillin 

20.3 

0.0 

— 

— 

p-Ethoxybenzoic  acid 

0.0 

27.0 

0.0 

27.2 

p-Ethoxybenzoic  acid 

0.0 

27.2 

— 

— 

3-Ethoxy-4-methoxybenzoic  acid 

15.8 

23.0 

15.8 

23.0 

3-Ethoxy-4-methoxybenzoic  acid 

15.7 

22.9 

— 

— 

3-Ethoxy-4-methoxybenzoic  acid 

15.9 

23.1 

— 

— 

3-Ethoxy-4-methoxybenzoic  acid 

15.8 

23.0 

— 

— 

3-Ethoxy-4-methoxybenzoic  acid 

16.0 

23.2 

— 

— 

3-Ethoxy-4-methoxybenzoic  ocid 

15.9 

23.1 

— 

— 

3-Ethoxy-4-methoxybenzoic  acid 

16.0 

23.2 

— 

— 

3-Ethoxy-4-methoxybenzoic  acid 

15.7 

22.9 

— 

— 

a-Ethoxypropiovanillone  (I) 

13.7 

20.2 

13.8 

20.1 

MeO  jj 

13.6 

13.7 

20.3 

20.2 

— 

HO—/  Z^C—  C— CH« 

\ _ /  \  \ 

(I)  O  OEt 


The  methoxyl  and  ethoxyl  contents  are  calculated  accord¬ 
ing  to  the  following  equations: 


<7  oivi  —  (cc-  of  thiosulfate)  X  (normality  of  thiosulfate)  X  31 

6  X  (sample  weight) 


%  OEt 


’(%  total  alkoxyl  as  OMe)  —  (%  OMe)-! 

31  J 


X  45 


Discussion  of  Results 

Table  I  indicates  that  all  the  methyl  iodide  is  collected 
when  three  receivers  are  used  and  that  the  yield  of  tetramethyl 
ammonium  iodide  is  not  affected  by  the  ethanol  extraction. 


Table  II  includes  the  results  obtained  by  this  procedure 
with  certain  reference  compounds. 
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Recovery  of  Solvents  Used  in 
the  Chemical  Determination 
of  Thiamine 

MORTON  PADER,  Food  Research  Laboratories,  Inc., 
Long  Island  City,  N.  Y. 


WHERE  routine  thiamine  determinations  are  run  by 
either  the  thiochrome  method  ( 1 )  or  the  colorimetric 
procedure  ( 2 )  it  is  practical,  and  at  the  present  time  advisable, 
to  recover  the  solvents,  isobutanoi  in  the  former  case  and 
xylene  in  the  latter.  The  distillation  procedure  generally 
used  is  tedious  and  requires  attention,'  precautions  must  be 
observed  to  minimize  fire  hazards,  and  fluorescent  materials 
in  the  isobutanol  are  not  always  completely  removed. 

The  author  has  obtained  isobutanol  with  blank  readings 
much  lower  than  those  usually  obtained  by  distillation  in  an 
all-glass  still  by  treating  waste  solvent,  containing  thiochrome 
and  other  fluorescent  materials,  with  activated  vegetable 
charcoal  (Darco-G-60,  obtained  from  the  Darco  Corporation, 
60  East  42nd  St.,  New  York,  N.  Y.).  The  isobutanol  re¬ 
covered  in  this  manner  has  been  used  repeatedly  in  deter¬ 
mining  thiamine  in  a  large  variety  of  biological  materials. 
Technical  grade  isobutanol,  which  usually  contains  fluores¬ 
cent  substances,  may  also  be  treated  in  this  manner.  The  re¬ 
covered  isobutanol  has  proved  to  be  as  satisfactory  in  every 
respect  as  the  solvent  redistilled  in  all-glass  apparatus;  it 
fails  to  give  rise  to  fluorescent  substances  on  standing  or  after 
treatment  with  alkaline  potassium  ferricyanide  or  with  alkali 
alone,  according  to  the  procedure  for  the  estimation  of  thia¬ 
mine. 

The  isobutanol,  previously  dried  in  the  course  of  the  assay,  is 
recovered  by  shaking  100  cc.  of  solvent  with  1.5  grams  of  acti¬ 
vated  charcoal  for  15  to  30  minutes.  This  ratio  of  adsorbent 
to  solvent  is  optimal,  but  equally  good  results  are  obtained 
by  using  an  excess  of  charcoal — about  5  grams  per  100  cc. — and 
shaking  for  only  a  few  minutes.  The  charcoal  suspension  is 
then  clarified  by  filtration.  The  filtrate,  free  from  any  fine 
particles  of  adsorbent,  is  used  without  further  treatment. 

In  the  Melnick-Field  method  for  the  determination  of 
thiamine  ( 2 )  the  red  color  of  the  xylene  solution  is  subjected 
to  colorimetric  evaluation.  Here  also,  the  solvent  may  be 
decolorized  by  the  addition  of  activated  charcoal,  filtered, 
and  used  again. 

The  red  dye  complex  in  xylene  appears  to  be  adsorbed  to  the 
charcoal  even  more  readily  than  the  thiochrome  from  isobutanol 
solution.  About  1  gram  of  charcoal  is  added  to  100  cc.  of  the 
pigmented  xylene  solution  and  the  suspension  shaken  for  5 
minutes;  this  yields  a  colorless  filtrate. 
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Separation  of  Iron  from  Cobalt  or  Nickel 

R.  J.  DeGRAY  AND  E.  P.  RITTERSHAUSEN,  Socony-Vacuum  Oil  Company,  Inc.,  New  York,  N.  Y. 


THE  ammoniacal  ferricyanide  method  for  the  colorimetric 
determination  of  cobalt  (2)  requires  the  absence  of 
practically  all  other  metals.  Using  hydrogen  sulfide,  it 
is  a  simple  matter  to  obtain  the  cobalt  accompanied  by  only 
iron,  nickel,  manganese,  chromium,  aluminum,  and  zinc. 
The  latter  three  may  be  removed  by  treatment  with  sodium 
peroxide,  and  the  manganese  by  the  use  of  the  chlorate 
method  (4).  Nickel  may  be  separated  with  dimethyl- 
glyoxime  (8),  but  since  the  presence  of  iron  requires  careful 
control  of  the  pH  in  this  precipitation,  a  method  was  sought 
whereby  either  cobalt  or  nickel  could  be  freed  of  iron,  and 
a  cobalt  solution  would  be  obtained  ready  for  the  color¬ 
imetric  determination  without  the  necessity  of  an  inter¬ 
mediate  reprecipitation  of  cobalt  sulfide.  With  such  a 
method  of  separation,  the  colorimetric  method  for  cobalt 
could  be  easily  applicable  to  steels,  as  well  as  to  paint  driers. 

Experimental 

In  order  to  investigate  published  methods  of  separating  mix¬ 
tures  of  cobalt,  iron,  nickel,  and  manganese,  solutions  containing 
known  amounts  of  these  metals  were  prepared  using  Baker’s 
c.  p.  chemicals.  Methods  of  separating  mixtures  of  all  these 
metals  were  studied,  but  since  it  soon  was  evident  that  manga¬ 
nese  and  nickel  could  'be  separated  quantitatively  by  accepted 
methods  (4,  8),  further  work  was  concentrated  on  mixtures  of 
cobalt  and  iron. 

Ammonium  Hydroxide  Precipitation.  A  solution  contain¬ 
ing  2  mg.  of  cobalt  and  20  mg.  of  iron  was  subjected  to  successive 
reprecipitations  with  ammonium  hydroxide.  The  filtrates  were 
analyzed  colorimetrically  for  cobalt  (2),  and  the  precipitates  were 
tested  by  the  Vogel  test  ( 6 )  for  cobalt,  yielding  the  following 
data: 


Cobalt 

Mg. 

Vogel  Test 

Original 

2.0 

1st  precipitation 

0.7 

Positive 

2nd  precipitation 

0.45 

Positive 

3rd  precipitation 

0.00 

Positive 

Only  57.5  per  cent  of  the  original  cobalt  was  recovered  in  the 
combined  filtrates. 

Basic  Acetate  Separation.  This  method  (7)  was  tried 
several  times.  Only  once  was  the  full  amount  of  cobalt  recov¬ 
ered,  and  the  iron  precipitate  gave  a  negative  Vogel  test.  Hence, 
though  this  method  may  be  feasible  under  ideal  conditions,  it 
cannot  be  trusted  for  routine  work. 

Anthranilic  Acid  Separation.  This  method  (3)  was  tried, 
again  on  the  mixture  of  2  mg.  of  cobalt  and  20  mg.  of  iron.  The 
precipitate  was  strongly  contaminated  with  iron. 

Alpha-nitroso-beta-naphthol  ( 1 )  Separation.  Since  this 
reagent  may  precipitate  iron  as  well  as  cobalt,  it  was  not  con¬ 
sidered  further. 

Hydrochloric  Acid  Separation.  In  the  qualitative  analysis 
of  Group  III,  cobalt  and  nickel  sulfides  are  separated  from  the 
other  sulfides  and  hydroxides  by  treatment  with  1.2  N  hydro¬ 
chloric  acid.  How'ever,  no  combination  of  time,  temperature,  or 
strength  of  hydrochloric  acid  could  be  found  which  dissolved  all  of 
the  iron  and  none  of  the  cobalt,  for  all  ratios  of  these  metals. 

Oxalic  Acid  Separation.  As  ammonium  hydroxide  is  added 
slowly  to  a  solution  of  cobalt  sulfate,  a  precipitate  of  cobalt  hy¬ 
droxide  forms,  then  dissolves  in  additional  reagent.  If  the  solu¬ 
tion  is  boiled,  enough  ammonia  can  be  expelled  to  permit  a  repre¬ 
cipitation  of  the  hydroxide.  Thus,  the  contamination  by  cobalt 
of  the  ferric  hydroxide  obtained  by  ammonium  hydroxide  precipi¬ 
tation  may  be  due  to  coprecipitation  rather  than  occlusion. 

If  oxalates  are  present  with  the  cobalt  sulfate,  slow  addition  of 
ammonium  hydroxide  does  not  form  a  precipitate  at  any  time. 
Even  after  prolonged  boiling  precipitation  still  does  not  occur. 
Hence  coprecipitation  could  be  prevented  by  the  formation  of  a 
cobalt  oxalate  complex. 

Then  2.0  mg.  of  cobalt  as  the  sulfate,  with  the  amounts  of 
iron  shown  below7  as  the  chloride,  wrere  diluted  to  200  ml.  and  10 
ml.  of  a  10  per  cent  solution  of  oxalic  acid  wrere  added.  The  iron 
was  precipitated  with  ammonium  hydroxide  as  usual  and  filtered. 


The  filtrate  was  analyzed  colorimetrically  {2)  and  the  precipitate 
tested  for  cobalt  by  the  Vogel  test. 


Iron 

Mg. 

Cobalt  in  Filtrate 

Mg. 

Vogel  Test 

2.0 

2.00 

Negative 

10.0 

2.00 

N  egative 

20.0 

2.00 

N  egative 

50.0 

1.45 

Positive 

2000 

0.30 

Positive 

To  determine  the  solubility  of  iron  in  the  ammoniacal  oxalate 
solution,  20  mg.  of  iron  as  the  chloride  were  carried  through  the 
same  procedure  in  the  absence  of  cobalt.  The  filtrate  was  boiled 
down,  the  oxalate  destroyed  with  sulfuric  acid,  and  the  residue 
analyzed  for  iron  (5);  0.18  mg.  were  found.  This  quantity  of  iron 
does  not  interfere  with  the  colorimetric  determination  of  cobalt 
(2). 

The  use  of  5  ml.  of  the  oxalic  acid  solution  gave  poor  separation 
in  all  cases.  The  use  of  20  ml.  of  oxalic  acid  did  not  improve  the 
separation.  The  maximum  ratio  of  iron  to  cobalt  which  can  be 
separated  quantitatively  by  this  method  is  shown  to  be  10  to  1. 
An  alloy  steel  containing  15  per  cent  of  cobalt  could  be  analyzed 
directly  by  this  means,  but  one  containing  0.1  per  cent  could  not 
be  so  treated. 

In  order  to  obtain  the  required  ratio  of  iron  and  cobalt  the 
ether-extraction  method  for  iron  chloride  ( 9 )  was  employed.  A 
solution  of  2.0  mg.  of  cobalt  and  2000  mg.  of  iron  in  hydrochloric 
acid  wras  so  treated.  This  removed  about  95  per  cent  of  the  iron, 
leaving  100  mg.  A  second  ether  extraction  reduced  the  iron  to 
about  10  mg.  The  iron-cobalt  ratio  then  wras  5  to  1,  so  the  oxalic 
acid  method  was  applied.  The  filtrate  wras  found  to  contain  2.00 
mg.  of  cobalt. 

In  the  above  work,  the  oxalic  acid  was  found  not  to  inter¬ 
fere  with  the  colorimetric  method  used  for  the  cobalt,  except 
that  crystallization  occurred  during  the  removal  of  volatile 
anions. 

Description  of  Method 

Reagents:  A  10  per  cent  solution  of  oxalic  acid  and  concen¬ 
trated  (15  N)  ammonium  hydroxide. 

The  sample  should  contain  from  0.5  to  4  mg.  of  cobalt.  If  the 
ratio  of  iron  to  cobalt  is  greater  than  10  to  1,  successive  ether  ex¬ 
tractions  of  the  chloride  (9)  must  be  made  until  the  ratio  is  re¬ 
duced  to  10  to  1. 

To  the  acid  solution  containing  cobalt  and  iron,  in  a  volume  of 
about  200  ml.,  10  ml.  of  oxalic  acid  solution  are  added.  The 
solution  is  neutralized  with  ammonium  hydroxide,  and  5  ml.  ex¬ 
cess  are  added.  The  precipitate  is  coagulated  by  boiling,  then 
filtered  and  washed.  All  the  cobalt  will  be  in  the  filtrate. 

If  the  cobalt  is  to  be  determined  colorimetrically,  the  salt  con¬ 
centration  must  be  controlled  ( 2 ).  To  accomplish  this,  6  ml.  of 

9  N  sulfuric  acid  are  added  to  the  acid  solution  of  cobalt  and  iron, 
and  volatile  anions  are  removed  by  evaporating  to  fumes  of  sul¬ 
fur  trioxide.  The  solution  is  cooled,  diluted,  and  neutralized 
(litmus  paper)  with  sodium  hydroxide,  then  made  just  acid  with 
sulfuric  acid,  and  the  volume  is  brought  to  about  200  ml.  Then 

10  ml.  of  oxalic  acid  are  added,  and  the  iron  is  precipitated  writh 
ammonium  hydroxide,  as  described  above.  After  filtration,  the 
volume  is  reduced  to  60  ml.,  during  which  the  excess  ammonia  is 
expelled.  The  solution  is  then  ready  for  the  addition  of  the  10 
ml.  of  potassium  ferricyanide  and  20  ml.  of  ammonium  hydroxide 
required  for  the  cobalt  determination.  The  oxalic  acid  does  not 
interfere. 

Separation  of  Nickel  and  Manganese 

A  solution  of  nickel  sulfate  was  analyzed  by  the  use  of  dimethyl- 
glyoxime.  Mixtures  of  this  solution  and  the  iron  solution,  with 
a  ratio  of  iron  to  nickel  of  10  to  1,  were  prepared.  The  nickel  was 
precipitated  from  these  mixtures  with  dimethylglyoxime,  with 
careful  pH  control  (8).  The  iron  was  precipitated  by  the  above 
oxalic  acid  procedure,  and  the  nickel  in  the  filtrate  precipitated 
with  dimethylglyoxime,  without  careful  pH  control.  The  results 
of  the  twro  methods  were  identical.  Ratios  of  iron  to  nickel 
greater  than  10  to  1  were  not  investigated. 

Mixtures  of  nickel,  cobalt,  and  iron  were  prepared,  and  the 
iron  was  precipitated  by  the  above  procedure.  The  nickel  in  the 
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filtrate  was  precipitated  as  before,  and  quantitative  recovery 
obtained.  The  cobalt  then  was  determined  colorimetrically. 
If  this  was  attempted  directly  on  the  filtrate,  the  dimethylglyox- 
ime  was  found  to  interfere  with  the  color  development.  By 
precipitating  the  cobalt  as  sulfide,  filtering,  and  then  analyzing 
colorimetrically,  however,  quantitative  recovery  was  proved. 

Mixtures  of  nickel,  manganese,  iron,  and  cobalt  were  made 
and  the  iron  was  removed  as  described.  The  manganese  divided 
between  precipitate  and  filtrate.  That  in  the  precipitate  did  not 
interfere  with  the  colorimetric  determination  of  the  iron.  The 
nickel  was  removed  from  the  filtrate  with  dimethylglyoxime, 
then  the  manganese  with  chlorate  (4),  and  finally  the  cobalt 
was  freed  of  all  these  reagents  by  precipitation  as  the  sulfide,  and 
determined  colorimetrically.  Again,  quantitative  recovery  was 
obtained. 

These  experiments  indicate  that  the  separation  of  iron 
from  cobalt  or  nickel  by  the  use  of  oxalic  acid  is  not  interfered 
with  by  the  presence  of  any  other  element  normally  present 
at  that  point  in  the  analysis. 

Summary 

By  the  addition  of  oxalic  acid  before  precipitation  of 
ferric  hydroxide  by  ammonium  hydroxide,  coprecipitation 
of  cobalt  and/or  nickel  is  prevented,  and  a  quantitative 
separation  of  these  metals  can  be  obtained. 


The  oxalic  acid  does  not  interfere  with  the  subsequent 
colorimetric  determination  of  either  the  cobalt  or  the  iron, 
or  the  quantitative  determination  of  nickel. 

By  this  method,  as  little  as  0.1  per  cent  of  cobalt  may  be 
determined  in  a  steel. 
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Determination  of  Aliphatic  Nitrate  Esters 

A  Colorimetric  Method 


HERMAN  YAGODA,  Division  of  Industrial  Hygiene,  National  Institute  of  Health,  Bethesda,  Md. 


THE  methods  generally  employed  in  the  analysis  of  ali¬ 
phatic  nitrate  esters  are  based  on  the  estimation  of  the 
quantity  of  nitric  or  nitrous  acid  formed  on  the  hydrolysis  of 
the  ester  (8).  While  these  methods  are  serviceable  in  the 
assay  of  small  quantities  of  relatively  pure  ester  material, 
it  was  not  found  practical  to  adapt  the  standard  procedures 
to  the  analysis  of  biological  samples  containing  nitroglycerine, 
erythritol  tetranitrate,  or  pentaerythritol  tetranitrate.  Ethe¬ 
real  extracts  of  such  samples  are  accompanied  by  other  ether- 
soluble  components  such  as  fats  and  pigments  which  inter¬ 
fere  with  the  colorimetry. 

The  method  for  the  determination  of  inorganic  nitrates 
described  by  Blom  and  Treschow  (7),  based  on  the  formation 
of  5-nitro-4-hydroxy-l,  3-dimethylbenzene,  seemed  a  practical 
approach  to  the  solution  of  this  problem,  as  the  chromogenic 
compound  is  readily  isolated  from  other  substances  inter¬ 
fering  with  the  colorimetry  by  means  of  a  steam-distillation. 
Experiments  demonstrated  that  in  the  case  of  the  three  esters 
employed  in  the  physiological  studies,  complete  hydrolysis 
could  be  effected  at  room  temperature  by  the  action  of  62.5 
per  cent  sulfuric  acid,  and  that  the  nitric  acid  formed  could  be 
determined  quantitatively  by  the  simultaneous  nitration  of 
m-xylenol.  Subsequent  experiments  proved  that  the  re¬ 
actions  proceeded  in  exact  stoichiometric  proportions  and 
that  the  amount  of  ester  present  could  be  evaluated  with  the 
aid  of  an  inorganic  nitrate  standard. 

The  reaction  between  nitric  acid  and  the  m-xylenol  em¬ 
ployed  as  reagent  in  sulfuric  acid  media  is  as  follows : 


OH 

Ach, 

V 

CH, 


+  HNOj  — > 


OH 

NOz/^iCH, 


\/ 

CH, 


+  HjO 


The  nitration  product  is  readily  volatile  in  steam  and  re¬ 
acts  with  alkalies,  forming  an  intense  yellow-colored  solution 
that  obeys  Beer’s  law.  This  reaction  was  utilized  by  Tres¬ 
chow  and  Gabrielsen  (5)  in  the  analysis  of  plant  and  soil 
extracts,  and  as  a  means  of  estimating  inorganic  nitrates  in 
meat  products  by  McVey  (2).  The  sensitivity  of  the  re¬ 
action  was  investigated  by  Werr  (6),  who  found  that  in  the 
absence  of  materials  that  interfered  with  the  nitration  process, 
1  microgram  of  inorganic  nitrate  could  be  detected  at  a 
dilution  of  1  part  per  million  of  sample  solution. 

The  substances  interfering  with  the  reaction  are  large 
amounts  of  halogen  salts,  metals  that  liberate  hydrogen  with 
the  sulfuric  acid  medium,  nitrites,  sulfides,  and  hydrogen 
peroxide.  From  the  viewpoint  of  the  proposed  method  for 
the  analysis  of  nitrate  esters,  inorganic  nitrates  also  con¬ 
stitute  an  interference.  In  the  application  of  the  method 
these  interfering  substances  are  of  little  importance,  as  the 
nitrate  esters  can  be  separated  from  them  by  an  ether  ex¬ 
traction.  Traces  of  chlorides  and  inorganic  nitrates  which 
may  dissolve  in  the  ether  layer  are  readily  removed  by  wash¬ 
ing  the  extract  with  10  per  cent  sodium  sulfate.  Hydrogen 
peroxide  will  also  dissolve  in  the  ether  layer,  but  its  occur¬ 
rence  in  appreciable  quantity  is  not  likely  in  samples  of 
biological  origin.  When  an  extraction  process  is  not  em¬ 
ployed,  any  sulfides  or  halogen  salts  present  in  the  aqueous 
sample  can  be  removed  by  precipitation  with  silver  sulfate. 
Also,  the  traces  of  nitrite  present  in  blood  and  urine  would 
be  destroyed  in  sulfuric  acid  media  by  the  action  of  the  urea 
and  amino  acids  normally  present  in  such  samples  (/) . 

Method  of  Analysis 

Reagents.  Sulfuric  acid  62.5  per  cent  by  volume,  (sp.  gr. 
1.63)  prepared  by  mixing  5  volumes  of  nitrate-free  concentrated 
sulfuric  acid  with  3  volumes  of  water. 
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m-Xylenol,  2  per  cent  (Eastman  preparation  No.  li50,  4- 
hydroxy-l,3-dimethylbenzene)  dissolved  in  acetone. 

Sodium  hydroxide  solution,  2  per  cent. 

Potassium  nitrate,  0.02  per  cent. 

The  nitrate  esters  employed  in  the  development  of  the  method 
were  of  commercial  origin.  The  erythritol  tetranitrate  and  the 
pentaerythritol  tetranitrate  were  purified  by  dissolving  the  com¬ 
pounds  in  warm  acetone,  filtering  off  insoluble  matter,  and  dilut¬ 
ing  the  filtrates  with  water  at  50°  C.  The  granular  precipitates 
were  filtered,  washed  with  a  mixture  of  acetone  and  water  (1+3 
by  volume),  and  dried  over  calcium  chloride  in  a  vacuum  desic¬ 
cator.  The  nitroglycerine  was  not  purified,  but  the  commercial 
10  per  cent  acetonic  solution  was  assayed  by  evaporating  off  the 
solvent  at  room  temperature  and  drying  the  residue  to  constant 
weight  in  a  vacuum  desiccator.  Acetonic  solutions  of  these  prepa¬ 
rations  containing  known  amounts  of  the  esters  were  employed 
in  the  development  of  the  method. 


Figure  1.  Apparatus  for  Distillation 
of  Nitroxtlenol 


Preparation  of  the  Sample.  The  sample  of  blood,  urine,  or 
stomach  contents  is  extracted  with  ether  and  the  extract  washed 
with  10  per  cent  sodium  sulfate  until  the  wash  liquor  gives  a  nega¬ 
tive  chloride  test  with  silver  nitrate.  The  ether  layer  is  trans¬ 
ferred  to  a  volumetric  flask  and  an  aliquot  portion  containing  not 
more  than  3  mg.  of  the  ester  is  withdrawn  to  a  300-ml.  cone  flask. 
The  ether  is  evaporated  off  with  the  aid  of  a  gentle  stream  of  cold 
air.  Warming  of  the  solvent  and  prolonged  aeration  are  to  be 
avoided,  as  the  esters,  particularly  nitroglycerine,  are  easily  vola¬ 
tilized.  The  residue  need  not  be  perfectly  dry  and  the  aeration 
should  be  stopped  when  the  bulk  of  the  ether  has  volatilized.  The 
residue  is  treated  with  1  ml.  of  a  2  per  cent  acetonic  solution  of 
m-xylenol.  The  use  of  the  acetone  as  a  solvent  for  the  m-xylenol 
is  of  fundamental  importance,  as  it  redissolves  the  ester  and  facili¬ 
tates  the  quantitative  progress  of  the  nitration.  This  is  of  par¬ 
ticular  importance  in  the  case  of  pentaerythritol  tetranitrate 
which  is  extremely  insoluble  in  water  and  gives  low  results  in  the 
absence  of  the  acetone  solvent.  The  solution  is  then  treated  with 
15  ml.  of  62.5  per  cent  sulfuric  acid  and  allowed  to  react  at  room 
temperature  for  30  minutes.  At  the  termination  of  this  period 
the  mixture  is  diluted  with  100  ml.  of  water  and  the  nitroxylenol 
is  separated  by  distillation. 

Distillation.  If  the  distillation  is  conducted  with  an  efficient 
water-cooled  condenser,  the  nitroxylenol  frequently  solidifies 
on  the  condenser  tube.  This  difficulty  is  overcome  by  conducting 
the  steam  directly  into  a  water-cooled  Nessler  tube  (50-ml., 
A.P.H.A.  tail-form),  as  shown  in  Figure  1.  The  delivery  tube  is 
constructed  so  that  the  terminus  is  slightly  above  a  20-ml. 
calibration  mark  on  the  Nessler  tube  when  the  latter  is  buoyed 
up  against  the  inclined  arm.  In  the  presence  of  fatty  matter  it  is 
desirable  to  place  a  boiling  rod  and  some  porous  tile  in  the  flask 
to  minimize  bumping.  The  steam  is  collected  in  5  ml.  of  2  per 


Table  I.  Determination  of  Nitroglycerine 


Potassium 

XTIa _ -_1  • 

Reading0 

Taken 

Recovered 

Difference 

Mg. 

Mg. 

Mg. 

Mg. 

3.81 

3.00 

2.85 

-0.15 

2.70 

2.00 

2.02 

+  0.02 

1.26 

1.00 

0.94 

-0.06 

0.65 

0.50 

0.49 

-0.01 

0.26 

0.20 

0.19 

-0.01 

0.19 

0.10 

0.14 

+  0.04 

°  1  Mg.  of  KNOs 

=  0.7486  mg.  of  CsHsfNOsh. 

Table  II.  Determination  of  Erythritol  Tetranitrate 

Potassium 

Nitrate 

Reading0 

Taken 

Recovered 

Difference 

Mg. 

Mg. 

Mg. 

Mg. 

3.88 

3.00 

2.90 

-0.10 

2.70 

2.00 

2.02 

+0.02 

1.30 

1.00 

0.97 

-0.03 

0.70 

0.50 

0.52 

+0.02 

0.23 

0.20 

0.17 

-0.03 

0.14 

0.10 

0.10 

0.00 

a  1  mg.  of  KNOa 

=  0.7470  mg. 

of  (CHNO3CH2NO3)!. 

Table  III.  Determination  of  Pentaerythritol  Tetrani¬ 
trate 

Potassium 


Nitrate  - Pentaerythritol  Tetranitrate- 


Reading0 

Taken 

Recovered 

Difference 

Mg. 

Mg. 

Mg. 

Mg. 

3.90 

3.00 

3.04 

+0.04 

2.56 

2.00 

2.00 

0.00 

1.50 

1.20 

1.17 

-0.03 

1.30 

1.00 

1.02 

+  0.02 

0.85 

0.60 

0.66 

+0.06 

0.24 

0.20 

0.19 

-0.01 

a  1  mg.  KNO3 

=  0.7817  mg. 

of  C(CH2N03)4. 

cent  sodium  hydroxide,  introduced  into  the  tube  so  that  the 
walls  are  wetted  by  the  alkali.  When  the  solution  comes  to  a 
boil,  the  flame  is  reduced  to  a  height  of  2  to  3  cm.  and  15  ml.  of 
distillate  are  collected.  The  delivery  tube  is  separated  from  the 
flask,  and  the  lower  arm  is  rinsed,  allowing  the  wash  water  to  run 
into  the  Nessler  tube.  The  tube  is  cooled  to  room  temperature, 
diluted  to  the  50-ml.  mark,  and  the  contents  are  mixed.  The 
resultant  yellow  color  is  read  in  a  Duboscq  colorimeter,  using  5- 
cm.  cups  against  a  standard  solution  of  nitroxylenol  prepared 
from  a  known  weight  of  potassium  nitrate. 

Quantities  of  the  esters  over  the  range  of  3.0  to  0.1  mg.  can  be 
matched  against  a  standard  prepared  from  1  mg.  of  potassium 
nitrate.  The  standard  is  prepared  by  evaporating  5  ml.  of  0.02 
per  cent  potassium  nitrate  to  near  dryness,  cooling,  and  reacting 
the  residue  with  1  ml.  of  the  m-xylenol  reagent  and  15  ml.  of 
62.5  per  cent  sulfuric  acid.  This  mixture  is  distilled  after  30 
minutes,  following  the  same  procedure  as  in  the  case  of  the 
samples.  One  milligram  of  potassium  nitrate  is  equivalent  to 
0.7486  mg.  of  nitroglycerine,  0.7470  mg.  of  erythritol  tetranitrate, 
and  0.7817  mg.  of  pentaerythritol  tetranitrate. 

The  results  obtained  in  the  analysis  of  known  quantities 
of  pure  nitrate  esters  are  summarized  in  Tables  I  to  III.  The 
data  reveal  that  the  reaction  proceeds  in  stoichiometric  pro¬ 
portions  within  the  limit  of  error  of  visual  colorimetry.  The 
average  reproducibility  of  results  in  the  analysis  of  pure  ester 
is  1  per  cent.  In  the  application  of  the  method  to  ether  ex¬ 
tracts  of  the  digestive  tracts  of  animals  fed  the  esters  in 
question,  analyses  of  successive  aliquots  are  reproducible 
within  3  per  cent.  The  results  of  these  physiological  studies 
will  be  published  in  another  article. 

By  viewing  the  color  of  the  sodium  salt  of  the  nitroxylenol 
through  the  23-cm.  length  of  the  50-ml.  Nessler  tube  it  is 
possible  to  differentiate  5  micrograms  of  the  esters  from  the 
straw-colored  tint  of  the  blank  on  the  reagents.  The  range 
of  0.1  to  0.005  mg.  can  thus  be  covered  by  the  Nesslerization 
process.  Since  the  tint  of  the  blank  is  caused  by  the  color 
of  excess  m-xylenol,  it  is  advantageous  to  reduce  the  concen¬ 
tration  of  the  m-xylenol  in  the  acetone  solution  to  1  per 
cent  when  analyzing  for  traces  of  the  esters.  This  procedure 
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has  been  employed  in  measuring  the  solubility  of  the  aliphatic 
nitrate  esters  in  water  and  oil.  It  should  prove  useful  in 
the  analysis  of  air  samples  from  the  atmosphere  of  plants 
engaged  in  the  manufacture  of  the  esters. 

Summary 

A  colorimetric  method  for  the  determination  of  aliphatic 
nitrate  esters  is  described,  based  on  the  hydrolysis  of  the  ester 
in  62.5  per  cent  sulfuric  acid  and  the  nitration  of  m-xylenol 
by  the  nitric  acid  liberated.  The  method  has  been  applied 
to  nitroglycerine,  erythritol  tetranitrate,  and  pentaerythritol 
tetranitrate  over  a  range  of  3.0  to  0.005  mg.  The  nitro- 
xylenol  is  readily  volatilized  by  a  steam-distillation  which 


permits  the  application  of  the  method  to  complex  systems. 
The  reaction  proceeds  in  stoichiometric  proportions,  so  that 
the  quantity  of  ester  present  can  be  evaluated  from  a  potas¬ 
sium  nitrate  standard. 
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Determining  Free  and  Acetylated  Sulfanilamide 

SCOTT  ANDERSON,  Aluminum  Research  Laboratories,  New  Kensington,  Penna. 


THE  most  commonly  used  procedure  of  analysis  for  sulfa¬ 
nilamide  in  solutions  where  both  the  free  and  acetylated 
forms  are  likely  to  be  present  is  that  of  Bratton  and  Marshall 
(2).  This  method  permits  a  fairly  rapid  determination  of 
sulfanilamide,  but  in  order  to  determine  the  total  amount  of 
sulfa  drugs  present,  it  is  necessary  to  hydrolyze  the  acetyl 
component  by  heating  in  boiling  water  for  an  hour.  This 
becomes  rather  tedious  when  only  one  sample  is  to  be  ana¬ 
lyzed. 

During  a  recent  investigation  in  this  laboratory  it  became 
necessary  to  determine  the  ultraviolet  absorption  spectrum 


Figure  1.  Variation  of  Extinction  Coefficient  with 
Wave  Length 


of  sulfanilamide.  The  results  obtained  indicated  that  the 
difference  in  the  absorption  spectra  of  the  two  forms  of  the 
drug  could  be  utilized  in  performing  a  rapid  analysis  of  solu¬ 
tions  where  both  free  and  acetylated  sulfanilamide  were  likely 
to  be  present.  With  this  in  mind,  the  extinction  coefficients  of 
the  two  compounds  were  determined  and  an  apparatus  was 
constructed  for  making  the  analysis  of  aqueous  solutions.  The 
results  are  presented  in  this  paper,  together  with  a  summary 
of  certain  modifications  that  will  be  necessary  if  attempts  are 
made  to  adapt  the  method  for  use  in  an  instrument  to  deter¬ 
mine  the  concentration  of  sulfanilamide  in  the  blood. 

Ultraviolet  Absorption  Spectra 

The  extinction  coefficients  of  both  free  and  acetylated  sulfa¬ 
nilamide  have  been  measured  photographically  in  the  spec¬ 
tral  range  320  to  260  mgi. 

For  this  work  a  Cenco  replica  grating  spectrograph  was  em¬ 
ployed,  taking  the  spectra  on  Eastman  Panchromatic  process  film. 
A  hydrogen  arc  of  the  Allen  ( 1 )  type  furnished  a  source  of  an  ultra¬ 
violet  continuum.  The  absorption  spectra  were  determined  with 
solutions  varying  in  concentration  from  0.2  to  1.25  X  10 _3  mg. 
per  cc.  These  were  placed  in  an  absorption  cell  13.7  mm.  long 
equipped  with  Vycor  windows.  A  step  plate  was  added  for  cali¬ 
bration,  and  relative  light  intensities  were  determined  with  the 
aid  of  a  Leeds  &  Northrup  Speedomax  recording  microphotom¬ 
eter.  Following  Beer’s  law,  (log //To) /L  was  plotted  against  the 
concentration  for  a  number  of  wave  lengths  in  the  region  investi¬ 
gated.  The  negative  slope  of  the  resultant  line  gave  the  specific 
extinction  in  units  of  mg.  per  cc.  per  mm.  when  the  concentration 
was  expressed  in  mg.  per  cc.  and  the  cell  length,  L,  in  millimeters. 

A  plot  of  the  extinction  coefficients  as  a  function  of  wave 
length  is  shown  in  Figure  1  and  the  transmission  spectra  of  the 
two  compounds  appear  in  Figure  2.  Here  spectrum  5  is  for 
free  sulfanilamide  and  spectrum  3  is  for  the  acetylated  form. 
From  these  we  see  that  free  sulfanilamide  absorbs  all  light  of 
wave  lengths  shorter  than  310  m p,  while  the  acetyl  deriva¬ 
tive  absorbs  only  wave  lengths  less  than  286  mg.  Further¬ 
more,  the  two  compounds  possess  almost  equal  extinction  co¬ 
efficients  for  light  in  the  range  282  to  260  mg. 

Since  a  difference  exists  between  the  spectra  of  the  two 
forms  of  sulfanilamide,  it  was  felt  that  this  characteristic 
might  be  utilized  in  a  rapid  determination  of  the  two  com¬ 
pounds  in  solutions  where  both  might  be  present  together. 
This  has  been  done  for  aqueous  solutions.  There  should 
be  no  difficulty  in  extending  the  method  to  the  cor¬ 
responding  analysis  in  blood  solutions,  provided  certain  neces¬ 
sary  precautions  are  taken. 
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Figure  2.  Transmission  Spectra 

Made  with  Ceneo  replica  grating  spectrograph  (absorption  occurring  at  316  mji  in  all  spectra 
is  due  to  transmission  of  silver  coating  on  grating)  using  Eastman  Panchromatic  process  film. 
Hydrogen  arc  used  for  ultraviolet  continuum. 

1.  Transmission  of  water  in  Vycor  Cell  (limited  in  ultraviolet  here  by  absorption  of  grat¬ 

ing) 

2.  Transmission  of  Corning  9860  plus  Corning  9840 

3.  Transmission  of  acetylated  sulfanilamide 

4.  Transmission  of  Corning  9860  plus  0.125  inch  of  benzene 

5.  Transmission  of  sulfanilamide 

6.  Transmission  of  Corning  014 

7.  Transmission  of  Corning  9860 

8.  Brass  arc 


Table  I.  Recovery  of  Known  Amounts  of  Sulfa  Drugs  in  Water 


Composition  of  Synthetic 
Solution 
Acetyl- 


Concentrations 


ated 

T  otal 

Determined 

Recovery 

Sulfa¬ 

sulfa¬ 

sulfa 

Sulfa¬ 

Total 

Sulfa¬ 

Total 

Solution 

nil¬ 

nil¬ 

drug 

nil¬ 

sulfa 

nil¬ 

sulfa 

No. 

amide 

amide 

present 

amide 

drug 

amide 

drug 

Mg./cc. 

Mg./cc. 

Mg./cc. 

Mg./cc. 

Mg./cc. 

% 

% 

1 

0.05 

0.0 

0.05 

0.053 

0.053 

106 

106 

2 

0.025 

0.025 

0.05 

0.028 

0.046 

111 

92 

3 

0.025 

0.0125 

0.0375 

0.024 

0.041 

96 

109 

4 

0.05 

0.0125 

0.0625 

0.047 

0.069 

94 

110 

5 

0.0125 

0.025 

0.0375 

0.013 

0.032 

104 

86 

Mode  of  Analysis 

The  apparatus  used  for  the  analysis  is  shown  in  Figure  3.  It 
consists  of  a  source,  A,  rich  in  lines  between  310  and  260  m,u,  and 
a  glass  indicator  (014)  which  fluoresces  when  absorbing  light  of 
this  wave  length.  The  sample  is  placed  in  one  side  of  the  cell,  C, 
and  the  concentration  of  sulfanilamide  in  the  other  side  is  varied 
until  the  two  fluorescent  fields  show  the  same  intensity.  By 
interchanging  the  filters,  F,  we  can  differentiate  the  free  sulfanil¬ 
amide  from  the  acetylated  form. 

The  principles  employed  in  executing  the  analysis  can  be 
understood  most  clearly  by  reference  to  Figure  2,  which  con¬ 
tains  the  transmission  spectrum  of  each  component  of  the  in¬ 
strument. 

Spectra  5  and  3  are  those  of  sulfanilamide  and  the  acetyl  deriva¬ 
tive.  Spectrum  6  is  that  of  Coming  014  glass  which  fluoresces 
in  the  blue  under  the  influence  of  the  light  it  absorbs.  The  ab¬ 
sorption  range  of  the  latter  is  almost  identical  with  that  of  free 
sulfanilamide.  It  can  be  used,  consequently,  as  a  detector  to  de¬ 
termine  the  amount  of  light  absorbed  by  the  drug.  A  piece  of 
Corning  9860  glass  was  placed  before  the  arc  in  order  to  cut  out 
the  visible  spectrum,  and  its  absorption  spectrum  is  shown  as 
No.  7.  When  this  is  used  with  a  0.3-cm.  (0.125-inch)  cell  of  ben¬ 
zene  we  get  spectrum  4.  This  combination,  Fu  absorbs  all  the 
light  below  280  mp.  Spectrum  2  is  the  transmission  of  Corning 
glass  9840.  This  filter  in  combination  with  Corning  9860  absorbs 
the  light  between  320  and  285  m/z  and  has  the  transmission  of 
9860  below  285  m/t.  The  set  is  employed  as  filter  F2. 

In  performing  the  analysis,  a  shield  was  used  to  shut  off  from 
view  all  but  the  lower  part  of  the  fluorescing  field,  J.  The  sample 
to  be  analyzed  was  placed  in  one  side,  M,  of  cell  C,  and  2  cc.  of 
water  were  introduced  into  the  other  side,  N.  (The  partition  be¬ 
tween  the  two  sides  of  the  cell  was  very  thin,  so  that  the  two 
halves  of  the  field,  J,  were  nearly  conterminous.)  With  filter 
Fi  at  F  the  fluorescent  fields  received  light  of  wave  lengths  that 
would  be  absorbed  only  by  free  sulfanilamide.  Next,  measured 
quantities  of  free  sulfanilamide  solution  were  added  to  N  until 
fields  J  had  the  same  visual  intensity.  The  concentration  of  free 
sulfanilamide  was  then  the  same  in  both  branches  of  the  cell  and 
could  be  calculated. 

By  substituting  F2  for  Fi,  only  the  light  that  was  absorbed  by 
both  types  of  the  drug  was  transmitted;  hence  if  the  sample 
contained  any  acetylated  sulfanilamide,  the  fluorescing  field  in 
side  M  would  be  weaker  than  the  one  in  N.  It  was  assumed  that 
both  the  free  and  acetylated  forms  had  the  same  extinction  in  the 
spectral  range  transmitted,  and  more  of  the  free  sulfanilamide 


solution  was  added  to  N  until  balance  was 
again  achieved.  Within  the  limits  of  this  as¬ 
sumption  the  total  sulfa  drug  concentration  in 
side  M  was  then  equal  to  the  free  sulfanilamide 
concentration  in  N  and  was  calculated.  By  sub¬ 
traction  the  amounts  of  free  and  acetylated 
sulfanilamide  were  both  known. 

Aqueous  solutions  containing  free  and 
acetylated  sulfanilamide  were  analyzed  in 
this  manner.  An  instrument  was  improvised 
from  available  equipment,  employing  the 
crude  optical  design  of  Figure  2  and  a  cell  ca¬ 
pacity  of  3.5  ml.  in  each  side.  With  mixtures 
of  free  sulfanilamide  and  acetylated  sulfanil¬ 
amide  in  which  the  total  sulfa  drug  concen¬ 
tration  was  of  the  order  of  0.05  mg.  per  cc.,  an 
accuracy  of  =±=  10  per  cent  was  obtained  in  de¬ 
termining  the  amount  of  free  sulfanilamide 
(filter  Fi  at  F),  and  of  =±=15  per  cent  in  esti¬ 
mating  the  total  sulfa  drug  content  (filter  F2 
at  F).  One  set  of  data  is  shown  in  Table  I. 
The  accuracy  could  be  increased  appreciably, 
however,  by  improving  the  optical  design  and 
adjusting  the  cell  size.  The  accuracy  was 
limited  largely  by  the  exactitude  with  which 
the  solution  volumes  could  be  measured. 
The  total  time  required  for  analysis  varied 
between  3  and  5  minutes. 

In  order  to  extend  the  method  to  the  de¬ 
termination  of  these  drugs  in  the  blood,  it  will 
to  observe  certain  precautions. 

When  drawing  the  blood  and  precipitating  the  protein,  it  is 
essential  to  prevent  the  introduction  of  compounds  whose  ab¬ 
sorption  spectra  overlap  the  region  320  to  260  m/z.  To  illustrate, 
sodium  oxalate  would  be  unsatisfactory  for  preventing  coagula¬ 
tion  of  the  blood,  but  sodium  citrate  would  be  ideal  for  this  use, 
since  its  ultraviolet  absorption  begins  at  wave  lengths  shorter 
than  260  m /z  (the  cutoff  point  of  Corning  9860  glass).  Dilute 
trichloroacetic  acid  could  be  used  to  precipitate  the  protein,  al¬ 
though  some  other  method  might  be  more  satisfactory. 


be  necessary 


Figure  3.  Diagram  of  Apparatus 

When  these  precautions  are  followed,  it  may  be  possible  to 
carry  out  the  analysis  of  the  blood  (after  the  protein  is  pre¬ 
cipitated)  in  the  manner  described  above  for  aqueous  solu¬ 
tions.  This  phase  has  not  been  investigated  by  the  author, 
but  the  procedure  is  being  suggested  as  the  basis  of  a  method 
for  the  rapid  determination  of  these  substances  in  the  blood. 
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Determination  of  Active  Oxygen  in  the  Presence 

of  Barium  and  Lead 

MICHAEL  FLEISCHER,  Geological  Survey,  U.  S.  Department  of  the  Interior,  Washington,  D.  C. 


DURING  the  past  two  years,  the  Chemical  Laboratory 
of  the  Geological  Survey  has  made  a  number  of  complete 
analyses  of  manganese  minerals,  in  connection  with  studies  of 
ores  of  manganese,  a  strategic  metal.  One  of  the  determina¬ 
tions  required  is  the  percentage  of  “active”  or  “available” 
oxygen.  This  is  usually  easily  made  by  adding  to  a  weighed 
sample  an  excess  of  standard  oxalic  acid  or  sodium  oxalate 
solution  plus  a  little  sulfuric  acid,  heating  until  solution  of  the 
mineral  is  complete,  and  back-titrating  the  excess  oxalate  with 
potassium  permanganate. 

This  method,  however,  is  inapplicable  to  the  analysis  of  the 
barium  manganate  minerals  psilomelane  and  hollandite  and 
the  lead  manganate  mineral  coronadite.  Psilomelane  is  of 
very  common  occurrence,  and  the  other  two  minerals  are  oc¬ 
casionally  encountered.  When  these  minerals  are  heated  with 
oxalic  and  sulfuric  acids,  the  precipitated  barium  or  lead  sulfate 
coats  undissolved  particles  of  the  mineral  and  prevents  them 
from  reacting,  with  consequent  low  results  for  active  oxygen. 
For  the  same  reason,  this  method  cannot  be  used  for  the  de¬ 
termination  of  active  oxygen  in  lead  dioxide  (Pb02),  in  red 
lead  (Pb304),  or  in  barium  or  strontium  peroxides. 

Several  methods  have  been  proposed  for  this  determination. 
Four  of  these  were  studied  in  1937  by  Mrgudich  and  Clark 
(I),  whose  results  may  be  summarized  briefly: 

1.  The  Lux  method,  involving  solution  in  oxalic  acid  and 
nitric  acid  and  the  back-titration  with  permanganate,  was  found 
to  be  inaccurate  because  of  a  side  reaction  between  nitric  acid 
and  oxalic  acid. 

2.  The  Schaeffer  method,  involving  solution  in  hydrogen 
peroxide  and  nitric  acid  and  back-titration  with  permanganate, 
was  found  to  be  inaccurate. 

6.  The  modified  Bunsen  method,  involving  treatment  with 
hot  hydrochloric  acid,  absorption  of  the  evolved  chlorine  in  potas¬ 
sium  iodide  solution,  and  titration  of  the  liberated  iodine  with 
thiosulfate,  was  found  to  be  slow  and  cumbersome  and  to  require 
special  precautions  to  obtain  complete  absorption  of  chlorine. 

4.  The  modified  Diehl-Topf  method,  involving  solution  in 
acetic  acid  buffered  with  sodium  acetate  in  the  presence  of  excess 
potassium  iodide,  and  titration  of  the  liberated  iodine  with  thio¬ 
sulfate,  was  found  to  be  accurate  and  fairly  rapid. 

The  first  three  methods  were  accordingly  discarded  from 
consideration.  The  Diehl-Topf  method,  though  apparently 
excellent  for  red  lead,  is  unsuitable  for  the  determination  of 
active  oxygen  in  manganese  minerals,  because  these  usually 
contain  ferric  iron  which  reacts  with  potassium  iodide,  liberat¬ 
ing  iodine .  Not  only  do  many  manganese  ores  contain  admixed 
ferric  oxides,  but  the  manganese  minerals  themselves  often 
contain  appreciable  amounts  (up  to  11  per  cent)  of  ferric 
oxide. 

Mrgudich  and  Clark  suggested  a  fifth  method,  involving 
solution  in  oxalic  acid  plus  concentrated  perchloric  acid  (50 
per  cent),  dilution,  and  back-titration  electrometrically  with 
ceric  sulfate.  They  obtained  reproducible  and  apparently 
accurate  results  in  this  way.  It  seemed  worth  while,  however, 
to  attempt  to  modify  their  method,  particularly  with  respect 
to  two  features:  (1)  The  amount  of  acid  used  by  Mrgudich 
and  Clark  (25  ml.  of  72  per  cent  perchloric  acid)  seemed  to  be 
excessive;  (2)  electrometric  titration  with  ceric  sulfate  hap¬ 
pened  to  be  inconvenient. 

As  shown  below,  it  has  been  found  that  the  amount  of 
perchloric  acid  used  may  be  diminished  to  less  than  one  third 
the  amount  recommended  by  Mrgudich  and  Clark,  and  that 


the  titration  may  be  made  with  permanganate.  There  is  no 
loss  in  accuracy  or  in  speed,  and  no  special  technique  is  re¬ 
quired. 


Table  I.  Blank  Runs 

0.06035  N 


Oxalic 

H2SO4 
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Acid 
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KMnOi 

Ml. 
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Ml. 

15 

50 

5 
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0a 
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18 

50 

5 

Boiled 

45 
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13 

50 

20 

Boiled 

45 

37.82 

25 

50 

30 
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0“ 
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22 

50 

30 

Boiled 

45 

36.92 

4 

50 

30 

Boiled 

45 

36.76 

HClOi 

Conen. 

11 

50 

5 

Boiled 

45 

37.83 

9 

50 

20 

Boiled 

45 

37.86 

12 

50 

25 

Boiled 

45 

37.80 

21 

50 

30 

80° 

0“ 

37.87 

14 

50 

30 

Boiled 

45 

37.82 

17 

50 

30 

Boiled 

45 

37.48 

26 

50 

50 

Steam  bath 

60 

37.83 

27 

50 

50 

Steam  bath 

45 

37.84 

a  Heated  to  80°  and  immediately  titrated. 


Experimental 

A  series  of  blanks  was  run  with  50  ml.  of  0.06035  N  oxalic 
acid  and  varying  amounts  of  sulfuric  and  perchloric  acid  in 
order  to  determine  whether  any  side  reaction  occurred  which 
consumed  oxalic  acid.  Typical  results,  given  in  Table  I, 
show  that  in  sulfuric  acid  solution  of  moderate  concentration 
there  is  no  side  reaction,  but  that  some  reaction  which  con¬ 
sumes  oxalic  acid  occurs  when  30  per  cent  sulfuric  acid  is 
boiled  with  oxalic  acid  for  45  minutes.  This  suggests  the  pre¬ 
caution  of  not  allowing  solutions  to  concentrate  too  far  while 
the  sample  is  being  dissolved. 

In  perchloric  acid  solution,  no  appreciable  side  reaction 
occurred  in  acid  of  moderate  concentration.  When  30  per 
cent  solutions  of  perchloric  acid  were  boiled  with  oxalic  acid, 
the  titer  was  usually  unaffected,  but  sometimes,  as  indicated, 
it  was  appreciably  lower  than  the  normal  titer,  as  though  some 
side  reaction  had  occurred.  It  will  be  noted  that  50  per  cent 
solutions,  heated  at  about  95°  in  the  steam  bath,  showed 
normal  titer.  This  is  in  agreement  with  the  results  of  Mrgu¬ 
dich  and  Clark.  The  small  amount  of  side  reaction  which 
perhaps  occurred  in  30  per  cent  acid  may  be  due  to  the  higher 
temperature  during  the  heating,  about  110°  compared  to  95° 
for  the  50  per  cent  solution. 

Table  II  shows  some  analyses  by  different  procedures  and 
the  time  required  for  complete  solution.  It  is  evident  that 
neither  speed  nor  accuracy  is  lost  by  the  modifications  in  pro¬ 
cedure  suggested  here;  in  fact,  the  50  per  cent  acid  seemed  to 
require  a  little  longer  for  complete  solution  of  the  mineral,  per¬ 
haps  because  the  solutions  heated  in  the  steam  bath  were 
relatively  quiescent  and  less  well  mixed  than  the  boiling  solu¬ 
tions  of  lower  acid  concentration. 

Mrgudich  and  Clark  made  comparative  analyses  of  the 
same  lead  dioxide  sample  by  different  methods,  but,  as  the 
purity  of  lead  dioxide  cannot  be  determined,  they  presented 
no  data  to  show  that  the  values  obtained  are  the  true  figures. 
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Table  II.  Analyses 

Time  for 

Active 

Material 

Acid  Used 

Solution 

Oxygen 

Gram 

% 

Min. 

% 

PbOi 

0.3300 

HCIO4  5 

55 

6.18 

PbOj 

0.3300 

HCIO4  5 

50 

6.16 

PbCh 

0.3300 

HClCb  30 

48 

6.17 

PbCb 

0.3300 

HCIO4  50 

65 

6.05 

Pb3C>4 

0.7000 

HClCb  5 

12 

2.06 

Pb304 

0.7000 

HClOi  30 

10 

2.05 

Pb304 

0.7000 

HClCb  50 

12 

2.07 

Cryptomelane  (£)  0.1100 

HClCb  5 

30 

15.31 

Cryptomelane  (2)  0.1100 

HClCb  5 

Overnight 

15.26 

Cryptomelane  (£)  0.1100 

H2SO4  5 

25 

15.29 

Cryptomelane  (2)  0.1100 

HClCb  50 

40 

15.33 

Table  III. 

Duplicate  Analyses 

Active  Oxygen 

5%  H,S04 

5%  HCIO4 

% 

% 

Cryptomelane  (2) 

Urucum,  Brazil 

14.52 

14.56 

Philipsburg,  Mont. 

16.07 

15.99 

Deming,  N.  Mex. 

15.92 

15.94 

Sugar  Stick,  Ark. 

14.97 

15.12 

Pvrolusite,  Lake  Valley,  N.  Mex. 

17.89 

17.86 

Pyrolusite,  Cuba 

16.32 

16.30 

Rancieite,  Cuba 

13.80 

13.82 

The  last  of  the  three  samples  in  Table  II  contained  no  lead 
and  only  0.13  per  cent  barium  oxide,  so  that  the  determi¬ 
nation  could  be  made  using  sulfuric  acid.  The  results  with 
sulfuric  acid  and  perchloric  acid  are  in  excellent  agreement. 
A  number  of  similar  samples  have  been  run  in  duplicate,  using 
sulfuric  acid  for  one  and  perchloric  acid  for  the  other,  with  the 
results  shown  in  Table  III.  It  is  evident  that  the  perchloric 
acid  method  gives  correct  answers  for  these  samples  and  it  is 
to  be  presumed  that  the  values  obtained  on  material  contain¬ 
ing  lead  or  barium  are  also  correct. 

It  seemed  probable  that  phosphoric  acid  could  also  be  sub¬ 
stituted  for  sulfuric  acid  in  this  determination.  Experiments 
showed,  however,  that  the  c.  p.  phosphoric  acid  available 
gave  fading  and  rather  uncertain  end  points,  presumably 
caused  by  the  presence  of  some  impurity.  A  few  determina¬ 
tions  made  with  5  per  cent  phosphoric  acid  gave  results  in  ap¬ 
proximate  agreement  with  those  obtained  using  perchloric 
acid.  No  attempt  was  made  to  purify  the  phosphoric  acid. 

Procedure  Recommended 

To  an  appropriate  weight  of  sample  (0.15  gram  of  barium  or 
lead  manganate,  0.3  gram  of  lead  dioxide  or  0.7  gram  of  red  lead), 
which  is  preferably  ground  to  200-mesh,  add  from  a  pipet,  which 
need  not  be  calibrated,  50  ml.  of  approximately  0.05  N  oxalic 
acid  solution,  8  ml.  of  60  per  cent  perchloric  acid,  and  42  ml.  of 
water.  Place  a  short-stemmed  funnel  in  the  mouth  of  the  flask  to 
act  as  a  condenser,  and  boil  gently  until  solution  is  complete 
(usually  about  20  minutes,  but  as  long  as  90  minutes  may  be  re¬ 
quired  for  resistant  minerals  such  as  hollandite).  Add  water 
from  time  to  time  if  necessary  to  prevent  the  volume  from  dimin¬ 
ishing  to  less  than  50  ml.  Dilute  to  100  ml.  and  titrate  directly 
at  80°  with  approximately  0.07  N  potassium  permanganate. 
The  blank  experiment  to  determine  the  permanganate  equivalent 
of  the  oxalic  acid  needs  only  to  be  heated  to  80°  and  need  not  be 
boiled  as  long  as  the  actual  determination,  since  there  is  no  loss 
of  titer. 

Standard  sodium  oxalate  solution  or  a  weighed  amount  of 
sodium  oxalate  may  be  substituted  for  the  oxalic  acid  solution, 
but  is  less  convenient  to  use.  Some  samples  may  contain  dark 
insoluble  material.  In  such  cases,  the  completeness  of  solution 
of  the  mineral  containing  active  oxygen  may  be  judged  by  noting 
whether  bubbles  of  oxygen  come  off  the  undissolved  particles. 
It  is  convenient  at  times  to  place  the  flask  covered  with  a  watch 
glass  on  the  steam  bath  overnight.  Solution  is  complete  and 
the  results  obtained  are  accurate. 

Summary 

The  method  of  Mrgudich  and  Clark  is  modified  by  sub¬ 
stituting  5  per  cent  (by  volume)  perchloric  acid  for  50  per  cent 


perchloric  acid.  Titration  by  potassium  permanganate  may 
be  substituted  for  electrometric  titration  with  ceric  sulfate. 
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New  Reagents  for 
Sodium 

EARLE  R.  CALEY1  AND  LOCKHART  B.  ROGERS2 
Princeton  University,  Princeton,  N.  J. 


SODIUM  reagents  consisting  of  uranyl  acetate  and  certain 
divalent  metal  acetates  in  dilute  acetic  acid  solution  have 
come  into  extensive  use  for  the  detection  and  determination 
of  sodium.  Unfortunately,  all  such  reagents  now  in  use  are 
more  or  less  sensitive  toward  lithium,  so  that  they  are  not 
satisfactory  for  the  detection  or  determination  of  sodium  in 
the  presence  of  appreciable  quantities  of  lithium.  An  in¬ 
dication  was  found,  however,  in  an  investigation  by  Caley  and 
Baker  (I)  that  a  sodium  reagent  containing  uranyl  acetate 
and  cupric  acetate  is  less  sensitive  toward  lithium  than  other 
reagents  of  this  general  type.  The  value  of  such  a  reagent 
for  the  detection  and  determination  of  sodium  in  the  presence 
of  lithium  was  the  principal  subject  of  the  present  investi¬ 
gation. 

Aqpieous  Cupric  Acetate-Uranyl  Acetate  Reagent 

By  means  of  tests  with  a  series  of  trial  reagents  in  which 
the  concentrations  of  the  components  were  systematically 
varied,  it  was  found  that  a  reagent  of  the  following  com¬ 
position  gave  the  most  satisfactory  results: 

Uranyl  acetate  dihydrate  88  grams 

Cupric  acetate  monohydrate  88  grams 

Glacial  acetic  acid  60  ml. 

Water  To  1000  ml. 

The  salts  are  dissolved  in  the  acetic  acid  and  nearly  all  the 
necessary  water  at  a  temperature  of  50°  to  60°  C.,  after  which 
the  solution  is  cooled  to  room  temperature,  adjusted  to  final 
volume  with  water,  and  allowed  to  stand  a  day.  The  solution  is 
then  maintained  at  20°  C.  while  being  stirred  vigorously  for 
about  2  hours  with  a  mechanical  stirrer,  and  is  next  filtered 
through  a  dry  filter  to  remove  the  small  amounts  of  precipitated 
salts.  The  reagent  prepared  in  this  way  is  stable. 

The  sensitivity  of  this  reagent  toward  sodium  and  lithium 
is  indicated  in  Table  I.  Though  it  is  evidently  insensitive 
toward  lithium,  it  is  unfortunately  also  not  very  sensitive 
toward  sodium.  Experiments  with  the  trial  reagents  showed 
that  the  sensitivity  toward  lithium  can  be  further  reduced  by 
decreasing  the  concentration  of  uranyl  acetate  in  the  re¬ 
agent,  but  unfortunately  this  is  paralleled  by  a  decrease  in 
sensitivity  toward  sodium.  An  aqueous  reagent  of  this  type 
is  obviously  not  satisfactory  for  the  accurate  quantitative 
determination  of  sodium,  however  useful  it  may  be  for  the 
qualitative  detection  of  sodium  in  the  presence  of  considerable 
lithium. 

1  Present  address,  Wallace  Laboratories,  New  Brunswick,  N.  J. 

2  Present  address,  Department  of  Chemistry,  Stanford  University,  Calif. 
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Table  I.  Sensitivity  of  Aqueous  Cupric  Acetate-Uranyl 
Acetate  Reagent  toward  Sodium  and  Lithium 


Amount 

Reaction 

on  Addition  of  Stated  Volume  of 

Ion 

Present 

Reagent  to  1  Ml.  of  Chloride  Solution 

Mg. 

1  ml. 

3  ml. 

5  ml. 

10  ml. 

Na 

2 

+ 

+ 

+ 

+ 

1 

— 

+ 

+ 

+ 

0.5 

0.3 

— 

+ 

+ 

+ 

Li 

20 

+ 

+ 

+ 

+ 

10 

— 

— 

— 

Alcoholic  Cupric  Acetate-Uranyl  Acetate  Reagent 

By  replacing  part  of  the  water  in  the  aqueous  reagent  with 
ethyl  alcohol  and  altering  the  proportion  of  the  other  com¬ 
ponents,  it  was  found  through  systematic  experiments  that  a 
reagent  could  be  prepared  that  was  at  the  same  time  more 
insensitive  toward  lithium  and  more  sensitive  toward  sodium 
than  the  aqueous  reagent.  The  composition  of  this  alcoholic 
reagent  is  as  follows: 


Uranyl  acetate  dihydrate  40  grams 

Cupric  acetate  monohydrate  25  grams 

Glacial  acetic  acid  100  ml. 

Ethyl  alcohol,  95%  500  ml. 

Water  450  ml. 


The  salts  are  dissolved  in  the  water  and  acetic  acid  at  a 
temperature  of  50°  to  60°  C.,  and  then  after  cooling  down  to 
room  temperature  the  alcohol  is  added  with  constant  stirring, 
After  standing  at  least  one  day,  preferably  2  or  3,  the  mixture 
is  stirred  and  filtered  in  the  same  way  as  described  for  the 
preparation  of  the  aqueous  reagent.  The  longer  time  of 
standing  in  the  preparation  of  the  alcoholic  reagent  is  recom¬ 
mended  because  the  excess  of  salts  separates  more  slowly  than 
in  the  preparation  of  the  aqueous  reagent.  This  alcoholic 
reagent  is  somewhat  less  stable  than  the  aqueous,  particularly 
in  the  presence  of  fight.  However,  a  specimen  of  this  re¬ 
agent  which  had  been  protected  from  strong  fight  was  still 
effective  a  year  after  its  preparation. 

In  Table  II  is  indicated  the  sensitivity  of  this  reagent 
toward  sodium  and  lithium.  As  little  as  0.1  mg.  of  sodium 
may  be  detected  if  sufficient  volume  of  reagent  is  used,  and  as 
much  as  50  mg.  of  lithium  will  not  produce  a  precipitate  when 
the  volume  of  reagent  amounts  to  20  ml.  With  this  same 
volume  of  reagent  as  much  as  40  mg.  of  potassium  present  as 
chloride  will  also  not  produce  a  precipitate.  When,  however, 
potassium  is  present  as  sulfate  less  potassium  will  result  in 
the  formation  of  a  precipitate,  in  part  because  of  the  low 
solubility  of  potassium  sulfate  in  strong  alcoholic  solution. 
This  and  similar  interference  from  the  low  solubility  of  a 
salt  in  alcoholic  solution  may  be  obviated  by  adding  alcohol 
to  the  test  solution  until  the  concentration  is  about  50  per 
cent,  filtering  off  any  precipitate,  and  then  adding  the  re¬ 
agent.  When  the  test  is  performed  in  this  fashion  0.1  mg.  of 
sodium  present  in  the  original  test  solution  may  still  be  de¬ 
tected.  Ammonium  alone  even  in  high  concentration  does 
not  produce  a  precipitate  with  this  reagent.  The  effect  on  the 
sensitivity  of  the  reagent  toward  sodium  when  other  alkali 
ions  are  also  present  is  indicated  in  the  tables  and  discussion 
on  the  quantitative  application  of  this  reagent. 

Anions  such  as  ferrocyanide  or  phosphate  which  precipitate 
copper  or  uranium  interfere  with  the  detection  of  sodium  with 
this  reagent.  The  presence  of  much  free  strong  acid  appre¬ 
ciably  reduces  the  sensitivity  of  this  reagent  toward  sodium — 
for  example,  even  1  mg.  of  sodium  produces  no  precipitate 
when  the  test  solution  is  6  A  in  hydrochloric  acid. 

This  reagent  is  stable  for  as  long  as  a  year  if  kept  out  of 
strong  fight.  It  rapidly  deteriorates  if  exposed  to  sunlight 
because  of  photochemical  reduction  of  the  uranyl  salt.  Be¬ 
cause  of  this  the  reagent  should  always  be  kept  in  a  dark 
bottle. 


Composition  of  Sodium  and  Lithium  Precipitates 

By  analogy  with  the  triple  acetates  produced  by  other 
sodium  reagents,  it  is  to  be  expected  that  those  produced  by 
this  aqueous  cupric  acetate-uranyl  acetate  reagent  would 
have  the  composition 


3U02(C2H302)2.Cu(C2H302)2.MC2H302.XH20 
where  M  is  sodium  or  lithium  and  X  approximately  6. 

Samples  of  the  sodium  salt  were  ’prepared  by  precipitating 
20  mg.  of  sodium  contained  in  2  ml.  of  solution  with  20  ml.  of 
the  aqueous  reagent,  filtering  the  precipitated  salt  on  a  glass 
crucible,  washing  it  sparingly  with  95  per  cent  ethyl  alcohol, 
and  drying  in  air  to  constant  weight.  In  order  to  prepare  suffi¬ 
cient  lithium  salt  for  analysis,  it  was  necessary  to  have  250  mg. 
of  lithium  present  in  5  ml.  of  solution,  and  to  add  25  ml.  of 
reagent.  The  lithium  salt  was  washed  and  dried  in  the  same 
way. 

The  composition  of  the  sodium  triple  salt  was  checked  by 
copper  and  uranium  determinations.  Samples  were  dissolved 
in  dilute  sulfuric  acid,  and,  after  being  evaporated  to  fumes  of 
sulfur  trioxide  and  diluted,  the  solutions  of  the  samples  were 
electrolyzed  for  the  determination  of  copper.  The  uranium  in 
the  filtrates  from  the  electrolyses  was  precipitated  as  ammonium 
diuranate  by  means  of  carbonate-free  ammonium  hydroxide 
and  weighed  as  ILOs.  The  analyses  of  the  lithium  triple  salt  in¬ 
cluded  determinations  of  the  lithium  content,  lithium  being 
determined  in  the  filtrates  from  the  uranium  separations  by 
evaporating  with  dilute  sulfuric  acid  in  a  platinum  dish  and 
weighing  the  residue  as  Li2S04.  Because  of  the  method  of 
analysis  it  is  likely  that  these  lithium  determinations  were  a 
little  high. 


Table  II.  Sensitivity  of  Alcoholic  Cupric  Acetate- 
Uranyl  Acetate  Reagent  toward  Sodium  and  Lithium 


Amount  Reaction  on  Addition  of  Stated  Volume  of 

Ion  Present  Reagent  to  1  Ml.  of  Chloride  Solution 


Mg. 

1  ml. 

3  ml. 

5  ml. 

10  ml. 

20  ml. 

Na 

0.3 

+ 

+ 

+ 

+ 

+ 

0.2 

— 

+ 

+ 

+ 

+ 

0.1 

— 

— 

+ 

+ 

+ 

Li 

50 

+ 

+ 

+ 

+ 

_ 

25 

— 

— 

— 

Table  III.  Analyses  of  Precipitates 


(Produced  by  adding  an  aqueous  cupric  acetate-uranyl  acetate  reagent  to 
solutions  containing  sodium  or  lithium) 


Copper 

Uranium 

Found 

Sodium  Precipitate 

% 

% 

4.15 

46.50 

4.16 

46.50 

Calculated  for  a 

hexahydrate 

4.14 

46.50 

Lithium 

% 

Lithium  Precipitate 

Found 

0.55 

4.21 

46.90 

0.54 

4.22 

46.93 

Calculated  for  a  hexahydrate  0 . 45 

4.16 

46.79 

The  results  of  the  analyses  are  shown  in  Table  III.  It  is 
evident  that  both  the  sodium  and  the  lithium  salts  pre¬ 
cipitated  by  the  aqueous  cupric  acetate-uranyl  acetate  re¬ 
agent  are  of  the  same  type  as  those  precipitated  by  the  other 
aqueous  sodium  reagents. 

Although  the  precipitate  produced  by  adding  the  alcoholic 
reagent  to  sodium  solutions  was  found  to  be  a  triple  salt  of  the 
same  type  as  regards  the  ratios  of  component  salts,  this  triple 
salt  was,  surprisingly  enough,  solvated  with  both  water  and 
alcohol.  That  alcohol  is  actually  a  chemically  combined  com¬ 
ponent  of  the  salt  was  shown  by  the  fact  that  it  is  retained  in 
constant  proportion  in  preparations  dried  at  different  elevated 
temperatures,  and  is  retained  even  at  temperatures  above  the 
boiling  point  of  the  alcohol.  No  sensible  loss  in  weight 
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Table  IV.  Analysis  of  Precipitate 

(Producedby  adding  an  alcoholic  cupric  acetate-uranyl  acetate  reagent  to 


solutions  containing  sodium) 

Copper 

Uranium 

Alcohol 

% 

% 

% 

Found 

4.00 

45.15 

4.04 

4.02 

45.22 

4.07 

4.04 

45.14 

... 

Calculated  for  Possible  Solvated  Salts 

I 

4.02 

45.13 

2.91 

II 

3.98 

44.74 

4.33 

III 

4.00 

44.99 

4.35 

IV 

4.03 

45.25 

4.38 

V 

3.99 

44.85 

5.78 

Key  to  Possible  Solvated  Salts 

I.  Triple  salt  solvated  with  6  HjO  and  1  C2HsOH,  M.  W.  =  1582.4 
II.  Triple  salt  solvated  with  5V2  H2O  and  l*/2  CsHeOH,  M.  W.  =  1596.4 

III.  Triple  salt  solvated  with  5  HsO  and  IV2  C2H5OH,  M.  W.  =  1587.4 

IV.  Triple  salt  solvated  with  4V2  HjO  and  IV2  CzHsOH,  M.  W.  =  1578.4 
V.  Triple  salt  solvated  with  4  H2O  and  2  C2H6OH,  M.  W.  =  1592.4 


occurred  on  heating  to  60°  C.  a  preparation  which  had  been 
dried  to  constant  weight  in  air  at  room  temperature.  On 
heating  this  up  to  85°  C.  a  slight  loss  in  weight  occurred 
which  amounted  to  0.5  per  cent  when  constancy  was  reached. 
This  was  only  a  small  fraction  of  the  alcohol  content  of  the 
salt,  and  it  is  not  certain  whether  this  loss  in  weight  was  due 
entirely  to  escape  of  alcohol  or  to  escape  of  both  water  and 
alcohol.  On  heating  this  same  preparation  to  110°  C.  a 
gradual  loss  in  weight  occurred  extending  over  a  period  of  10 
weeks.  This  loss  in  weight  was  accompanied  by  a  general 
decomposition  of  the  salt,  as  was  shown  by  a  color  change 
from  a  tan  to  a  deep  green. 

Samples  of  the  sodium  salt  for  analysis  were  prepared  in  a 
manner  analogous  to  that  employed  in  preparing  the  samples 
of  sodium  salt  precipitated  by  the  aqueous  reagent,  and  the 
copper  and  uranium  determinations  were  made  in  the  same 
way.  The  determinations  of  the  alcohol  content  were  made 
on  separate  samples  by  oxidizing  them  for  1  hour  at  100°  C. 
with  a  measured  amount  of  standard  potassium  bichromate 
acidulated  with  sulfuric  acid,  the  excess  of  bichromate  being 
determined  on  cooling  by  potentiometric  titration  with  a 
freshly  standardized  solution  of  ferrous  sulfate.  It  was  not 
found  possible  to  estimate  the  alcohol  content  by  measuring 
the  loss  in  weight  on  heating,  since  at  a  temperature  at  which 
the  alcohol  was  driven  off  some  water  was  also  driven  off. 
Nor  was  it  found  possible  to  estimate  by  the  same  means 
the  total  content  of  alcohol  and  water,  since  at  the  tempera¬ 
ture  required  to  drive  both  these  off  decomposition  of  the 
component  acetates  began.  However,  the  total  degree  of 
solvation  could  be  estimated  from  a  rough  determination  of 
the  molecular  weight  of  the  salt,  this  being  done  by  precipi¬ 
tating  quantitatively  known  weights  of  sodium  and  weighing 
the  resulting  precipitates.  It  was  found  that  the  molecular 
weight  must  he  between  1575  and  1600. 

Results  of  the  analyses  and  a  tabulation  of  the  composition 
of  the  various  possible  solvates  are  given  in  Table  IV.  This 
triple  salt  is  solvated  with  about  1.5  molecules  of  alcohol  and 
with  4.5  or  5  molecules  of  water.  Subsequent  to  the  work 
reported  in  this  paper,  determinations  of  the  water  content 
of  this  triple  salt  by  means  of  the  Karl  Fischer  reagent  have 
indicated  that  the  water  content  is  close  to  5  molecules  (4). 
Thus  the  composition  of  the  salt  is  reasonably  well  established. 

If  the  assumption  had  been  made  that  the  salt  was  solvated 
with  water  only,  and  the  degree  of  solvation  had  been  esti¬ 
mated  from  the  copper  and  uranium  determinations,  it 
would  have  been  concluded  that  this  salt  was  an  octahydrate. 
This  is  interesting,  inasmuch  as  Kahane  ( 3 )  reported  that 
sodium  magnesium  uranyl  acetate  precipitated  by  an  alco¬ 
holic  magnesium  acetate-uranyl  acetate  reagent  is  an  octa¬ 


hydrate.  An  analysis  of  samples  of  sodium  magnesium 
uranyl  acetate  precipitated  by  Kahane’s  reagent  showed  that 
this  salt  is  not  an  octahydrate  as  reported  by  Kahane  on 
the  basis  of  determinations  of  the  metal  and  acetate  content 
but  is  a  salt  solvated  with  both  water  and  alcohol.  Two 
determinations  of  the  alcohol  content  gave  4.17  and  4.18 
per  cent.  The  sodium  salt  precipitated  by  an  alcoholic  mag¬ 
nesium  acetate-uranyl  acetate  reagent  is  thus  analogous  in 
compositio  that  precipitated  by  the  alcoholic  cupric 
acetate-1  acetate  reagent.  Confirmation  of  the  pres¬ 

ence  of  L,.ojhol  as  an  essential  component  in  the  precipi¬ 
tate  produced  by  Kahane’s  reagent  was  found  soon  after 
this  work  was  completed  in  an  abstract  of  a  paper  by 
Schoorl  ( 5 ).  The  presence  of  alcohol  in  this  precipitate  is  a 
source  of  error  that  must  be  taken  into  account  if  sodium  is  to 
be  determined  by  reduction  of  the  uranium  in  a  solution  of 
the  precipitate  followed  by  titration  with  an  oxidizing  agent, 
as  has  been  recommended  by  Kahane  and  others,  since  re¬ 
sults  are  likely  to  be  high  because  of  the  presence  of  alcohol 
as  a  second  oxidizable  substance. 


Table  V.  Determinations  of  Sodium  with  Alcoholic 
Cupric  Acetate-Uranyl  Acetate  Reagent 

Sodium 


Reagent 

Chloride 

Solution 

Sodium 

Present 

Sodium 

Found 

Difference 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

50 

2 

1.0 

0.9 

-0.1 

100 

5 

1.0 

1.0 

±0.0 

25 

5 

10.0 

9.2 

-0.8 

50 

5 

10.0 

10.0 

±0.0 

100 

5 

10.0 

10.1 

+0.1 

125 

5 

10.0 

9.8 

-0.2 

50 

2 

20.0 

19.7 

-0.3 

50 

2 

20.0 

20.0 

±0.0 

100 

2 

20.0 

20.0 

±0.0 

100 

5 

20.0 

20.0 

±0.0 

100 

2 

50.0 

47.8 

-2.2 

150 

5 

50.0 

48.4 

-1.6 

250 

5 

50.0 

49.7 

-0.3 

350 

2 

50.0 

49.9 

-0.1 

Quantitative  Application  of  Alcoholic  Reagent 

The  alcoholic  cupric  acetate-uranyl  acetate  reagent  may 
be  used  for  the  quantitative  determination  of  sodium  with 
satisfactory  results.  In  the  trial  determinations  reported 
here  the  procedure  used  was  essentially  that  of  Caley  and 
Foulk  (2)  employing  the  aqueous  magnesium  acetate-uranyl 
acetate  reagent,  except  that  the  precipitate  was  collected  on 
glass  crucibles  of  medium  porosity,  and  washing  was  per¬ 
formed  with  95  per  cent  ethyl  alcohol  freshly  saturated  with 
sodium  copper  uranyl  acetate.  Moreover,  the  precipitate 
was  dried  at  60°  C.,  not  at  110°  C.  This  was  necessary  be¬ 
cause  of  its  lower  stability  as  compared  to  sodium  magnesium 
uranyl  acetate.  The  factor  0.0145  was  used  for  converting 
the  weight  of  dried  precipitate  into  weight  of  sodium. 

In  Table  V  are  shown  results  obtained  with  sodium  present 
alone.  It  will  be  seen  that  by  using  a  sufficient  volume  of 
reagent,  amounts  of  sodium  from  1  to  50  mg.  may  be  deter¬ 
mined  with  satisfactory  accuracy.  Experiments  on  the 
determination  of  quantities  below  1  mg.  indicated  that  0.4 
mg.  is  about  the  smallest  quantity  that  may  be  successfully 
determined  with  this  reagent  when  using  ordinary  volumes  of 
reagent  and  sample  solution. 

In  Table  VI  are  shown  results  of  determinations  of  sodium 
in  the  presence  of  lithium.  Contrary  to  what  was  expected 
from  the  results  of  the  qualitative  experiments,  the  presence 
of  lithium  invariably  caused  a  positive  error  in  the  sodium 
determinations.  The  magnitude  of  this  error  is  apparently 
independent  of  the  volume  of  reagent  used,  is  decreased 
slightly  by  increasing  the  volume  of  sample  solution,  and  is 
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Table  VI.  Determinations  of  Sodium  in  the  Presence  of 

Lithium 


Sample 

Lithium 

Sodium 

Sodium 

Reagent 

Solution 

Present 

Present 

Found 

Difference 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

Mg. 

50 

2 

10.0 

10.0 

10.4 

+0.4 

15.0 

10.0 

10.6 

+0.6 

20.0 

10.0 

10.5 

+0.5 

25.0 

10. 0 

10.6 

+  0.6 

100 

2 

10.0 

10.0 

10.5 

+  0.5 

1  +0.8 

15.0 

10.0 

10.  i 

20.0 

10.0 

10.6 

GIL  +0.6 

25.0 

10.0 

10.7 

+  0.7 

1.0 

50 

5 

10.0 

10.0 

10.2 

+  0.2 
+  0.3 

15.0 

10.0 

10.3 

20.0 

10.0 

10.3 

+0.3 

25.0 

10.0 

10.2 

+  0.2 

50.0 

10.0 

10.7 

+0.7 

100 

5 

10.0 

10.0 

10.3 

+  0.3 

15.0 

10.0 

10.6 

+  0.6 

20.0 

10.0 

10.4 

+0.4 

25.0 

10.0 

10.6 

+  0.6 

50.0 

10.0 

11.1 

+  1.1 

100 

5 

25.0 

20.0 

21.3 

+  1.3 

50.0 

20.0 

21.5 

+  1.5 

100.0 

20.0 

21.7 

+  1.7 

Table  VII.  Determinations  of  Sodium  in  the  Presence  of 

Potassium 


Reagent 

Sample 

Solution 

Potassium 

Present 

Sodium 

Present 

Sodium 

Found 

Difference 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

Mg. 

50 

2 

50 

10.0 

10.2 

+  0.2 

50 

5 

50 

10.0 

10.0 

±  0.0 

50 

5 

100 

10.0 

10.1 

+  0.1 

50 

5 

200 

10.0 

10.2 

+  0.2 

50 

5 

300 

10.0 

15.5 

+  5.5 

100 

2 

50 

10.0 

10.4 

+  0.4 

100 

5 

50 

10.0 

10.1 

+  0.1 

100 

5 

100 

10.0 

10.4 

+  0.4 

100 

5 

200 

10.0 

10.8 

+  0.8 

100 

5 

300 

10.0 

20.6 

+  10.6 

100 

5 

50 

20.0 

19.5 

-  0.5 

100 

5 

100 

20.0 

20.4 

+  0.4 

100 

5 

200 

20.0 

21.1 

+  1.1 

100 

5 

300 

20.0 

22.8 

+  2.8 

increased  with  increase  in  amount  of  sodium  precipitated. 
As  shown  also  by  the  results  in  Table  VI,  the  error  is  by  no 
means  proportional  to  the  amount  of  lithium  present.  The 
errors  in  these  determinations  of  sodium  in  the  presence  of 
lithium  with  the  cupric  acetate-uranyl  acetate  reagent  are 
much  smaller  than  the  errors  which  would  result  in  similar 
determinations  with  the  magnesium  acetate-uranyl  acetate 
or  the  zinc  acetate-uranyl  acetate  reagents.  These  errors 
are  not  serious  when  quantities  of  lithium  up  to  10  mg.  are 
present  and  when  suitable  volumes  of  reagent  and  sample 
solution  are  employed.  It  seems  likely  from  the  present 
results  that  determinations  of  sodium  in  the  presence  of 
larger  amounts  of  lithium  could  be  accomplished  with  satis¬ 
factory  accuracy  if  a  suitable  small  correction  were  applied  to 
the  final  results.  Thus  for  purposes  where  high  accuracy  is 
not  required,  the  alcoholic  cupric  acetate-uranyl  acetate 
reagent  may  be  useful  for  estimating  sodium  in  the  presence 
of  both  small  and  large  amounts  of  lithium.  In  Table  VII 
are  shown  results  of  determinations  of  sodium  in  the  presence 
of  potassium  with  this  reagent.  Interference  from  potassium 
is  not  serious  unless  considerable  amounts  are  present,  the 
extent  of  the  interference  being  in  the  same  order  of  mag¬ 
nitude  as  that  from  other  sodium  reagents  of  this  type.  The 
effect  of  ammonium  is  illustrated  by  the  results  in  Table  VIII. 
In  contrast  to  effects  observed  with  other  sodium  reagents, 
slightly  low  results  are  obtained  with  the  alcoholic  cupric 
acetate-uranyl  acetate  reagent  when  considerable  amounts  of 
ammonium  are  present.  However,  the  interference  from 
ammonium  is  not  serious  from  the  standpoint  of  practical 
analysis  because  excessive  amounts  are  so  readily  removed. 


From  a  manipulative  viewpoint  the  use  of  an  alcoholic 
cupric  acetate-uranyl  acetate  for  quantitative  work  is 
slightly  less  convenient  than  the  use  of  aqueous  magnesium 
acetate-uranyl  acetate  or  zinc  acetate-uranyl  acetate  re¬ 
agents,  since  the  crystals  of  sodium  copper  uranyl  acetate 
are  more  difficult  to  transfer  than  those  of  the  triple  acetates 
precipitated  by  these  other  reagents  by  reason  of  their  greater 
coarseness,  density,  and  tendency  to  adhere  to  the  walls  of 
the  vessel  in  which  the  precipitation  is  made.  In  general, 
the  alcoholic  cupric  acetate-uranyl  acetate  reagent  offers  no 
advantages  over  other  sodium  reagents  of  this  type  unless 
determinations  of  sodium  are  to  be  made  in  the  presence  of 
lithium. 

Other  Possible  Reagents 

An  apparently  heretofore  unexplored  possibility  by  which 
the  triple  salt  method  for  sodium  might  be  improved  is  the 
use  of  metal  salts  of  certain  substituted  acetic  acids  and  of 
certain  homologs  of  acetic  acid  in  the  preparation  of  sodium 
reagents.  Reagents  prepared  from  uranium  and  magnesium 
chloroacetates,  formates,  propionates,  and  butyrates,  modeled 
after  the  magnesium  acetate-uranyl  acetate  reagent  of  Caley 
and  Foulk  (U)>  were  studied.  The  magnesium-uranyl  salt 
type  was  selected  for  study  because  of  the  ease  by  which  the 
magnesium  salts  of  the  acids  could  be  prepared.  The  mag¬ 
nesium  chloroacetates  were  prepared  by  the  dissolution  of 
both  pure  magnesium  and  pure  magnesium  carbonate  in  the 
pure  acids;  the  formates,  propionates,  and  butyrates  by  the 
dissolution  of  pure  magnesium.  The  uranyl  salts  were  pre¬ 
pared  by  the  dissolution  of  pure  uranium  trioxide  in  the  acids. 


Table  VIII.  Determinations  of  Sodium  in  the  Presence  of 

Ammonium 


Reagent 

Sample 

Solution 

Ammo¬ 

nium 

Present 

Sodium 

Present 

Sodium 

Found 

Difference 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

Mg. 

50 

2 

100 

10.0 

9.9 

-0.1 

50 

5 

100 

10.0 

9.8 

-0.2 

50 

5 

200 

10.0 

9.9 

-0.1 

50 

5 

300 

10.0 

9.9 

-0.1 

50 

5 

400 

10.0 

9.7 

-0.3 

100 

2 

100 

10.0 

10.0 

±0.0 

100 

5 

100 

10.0 

9.8 

-0.2 

100 

5 

200 

10.0 

9.7 

-0.3 

100 

5 

300 

10.0 

9.7 

-0.3 

100 

5 

400 

10.0 

9.4 

-0.6 

These  reagents  were  tested  qualitatively  for  sensitivity 
toward  sodium,  lithium,  and  potassium  by  adding  10  ml.  of 
reagent  to  1  ml.  of  chloride  solutions  of  these  ions.  Surpris¬ 
ingly  enough,  not  one  of  those  possible  reagents  was  sensitive 
toward  sodium.  No  precipitate  was  obtained  with  the 
chloroacetate  and  formate  reagents,  even  when  highly  con¬ 
centrated  sodium  chloride  solutions  were  tested.  The  pro¬ 
pionate  reagent  yielded  only  a  slight  precipitate  with  50  mg. 
of  sodium,  and  although  the  butyrate  reagent  gave  a  large 
initial  precipitate  with  the  same  amount  of  sodium,  this  pre¬ 
cipitate  redissolved  before  all  the  reagent  was  added.  With 
lithium  solutions  the  chloroacetate  and  formate  reagents 
yielded  no  precipitates.  The  propionate  reagent  was  some¬ 
what  more  sensitive  toward  lithium  than  toward  sodium,  since 
a  large  precipitate  was  obtained  with  50  mg.  and  a  slight  pre¬ 
cipitate  with  as  little  as  20  mg.  The  butyrate  reagent  failed 
to  precipitate  even  highly  concentrated  lithium  solutions. 
With  potassium  solutions  the  chloroacetate  and  formate 
reagents  also  yielded  no  precipitates.  The  propionate  re¬ 
agent  yielded  a  moderate  precipitate  with  50  mg.  of  potassium 
but  not  with  20  mg.  On  the  other  hand,  the  butyrate  re- 
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agent  produced  a  very  heavy  precipitate  with  50  mg.,  a  heavy 
precipitate  with  20  mg.,  and  a  slight  precipitate  with  5  mg. 
but  no  precipitate  with  1  mg.  In  other  words,  the  butyrate 
reagent  turned  out  to  be  a  selective  but  not  very  sensitive 
reagent  for  potassium. 

Contrary  to  what  might  reasonably  have  been  expected, 
these  reagents  closely  analogous  to  the  acetate  type  of  re¬ 
agent  were  found  to  be  entirely  ineffective  for  the  detection 
or  determination  of  sodium. 
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Determination  of  Alkalies  in  Glass 

Denatured  Alcohols  as  Substitutes  for  U.  S.  P.  Grain  Alcohol 

P.  A.  WEBSTER  AND  R.  M.  CRANE,  Hartford-Empire  Company,  Hartford,  Conn. 


THE  procedures  (S)  for  determining  sodium  and  potas¬ 
sium  in  soda-lime  glasses  specify  the  use  of  95  per  cent 
ethyl  alcohol  in  the  preparation  of  wash  solutions.  In  the 
method  for  sodium,  the  precipitate  of  sodium  zinc  uranyl  ace¬ 
tate  is  washed  with  a  saturated  solution  of  the  triple  acetate 
salt  in  95  per  cent  ethyl  alcohol.  In  the  potassium  procedure 
the  potassium  chloroplatinate  precipitate  is  washed  with 
80  per  cent  ethyl  alcohol. 


Table  I.  Sodium  Oxide  Determinations  on  Glass 


Alcohol  Used  Na20,  % 

Alcohol  denatured  with  10%  ether  16.81 

16.77 

16.81 

Alcohol  denatured  with  10%  acetone  16.79 

16.81 

95%  grain  alcohol  16.80 

16.81 

Bureau  of  Standards  recommended  value  16.83 


The  possibility  of  substituting  one  of  the  specially  de¬ 
natured  alcohols  for  95  per  cent  grain  alcohol  in  the  deter¬ 
mination  of  sodium  and  potassium  has  been  investigated. 
Two  commercial  denatured  alcohols  were  selected  for  trial, 
one  containing  about  10  per  cent  of  ethyl  ether  and  the  other 
about  10  per  cent  of  acetone.  These  two  products  were  com¬ 
pared  with  95  per  cent  ethyl  alcohol  in  a  series  of  determina¬ 
tions  of  sodium  and  potassium  in  the  National  Bureau  of 
Standards  sample  of  soda-lime  glass  No.  128. 

Sodium  Determinations 

Sodium  (3)  was  precipitated  as  sodium  zinc  uranyl  acetate  and 
the  precipitate  was  washed,  first  with  the  aqueous  reagent,  then 
with  a  solution  of  alcohol  saturated  with  the  triple  acetate  salt, 
and  finally  with  ether.  For  purposes  of  comparison,  quantities 
of  the  two  selected  denatured  alcohols  were  saturated  with  the 
sodium  salt  and  used  in  the  same  manner  as  the  saturated  wash 
solution  prepared  from  95  per  cent  grain  alcohol. 

Comparative  results  obtained  on  a  series  of  0.1-gram  sam¬ 
ples,  Bureau  of  Standards  glass  No.  128,  are  given  in  Table  I. 

The  percentages  have  been  adjusted  for  the  change  in  igni¬ 
tion  loss  on  standard  glass  No.  128  occurring  since  the  sample 
was  distributed. 

It  is  evident  that  the  two  denatured  alcohols  selected  are 


satisfactory  as  substitutes  for  95  per  cent  grain  alcohol  in 
the  determination  of  sodium  oxide  in  glass. 

Potassium  Determinations 

Potassium  (3)  was  determined  by  the  modified  Hicks  method, 
in  which  the  potassium  is  first  separated  as  the  chloroplatinate; 
this  salt,  after  thorough  washing  with  alcohol  to  eliminate  solu¬ 
ble  platinum  compounds,  is  dissolved  in  hot  water,  then  reduced 
to  yield  metallic  platinum  which  can  be  separated  and  weighed. 

The  original  Hicks  procedure  (2)  specifies  a  wash  solution  of 
ethyl  alcohol  of  at  least  80  per  cent  strength.  For  purposes  of 
comparison,  each  of  the  denatured  alcohols  in  question  was 
diluted  with  10  per  cent  water  (by  volume),  resulting  in  a  concen¬ 
tration  of  ethyl  alcohol,  exclusive  of  the  denaturant,  of  approxi¬ 
mately  80  per  cent.  These  solutions  were  compared  with  80 
per  cent  ethyl  alcohol  in  a  series  of  K2O  determinations  on  Bureau 
of  Standards  glass  No.  128  (Table  II). 

The  question  of  optimum  concentration  of  alcohol  for 
washing  potassium  chloroplatinate  precipitates  has  been  dis¬ 
cussed  very  recently  by  Ford  and  Hughes  ( 1 ).  In  a  series  of 
potassium  determinations  on  a  large  number  of  fertilizer 
samples,  they  found  that  the  chloroplatinate  precipitate  is 
slightly  more  soluble  in  80  per  cent  than  in  95  per  cent  ethyl 
alcohol.  They  conclude  that  undiluted  95  per  cent  alcohol  is 
a  little  more  satisfactory  than  the  diluted  form  as  a  wash  solu¬ 
tion  for  potassium  chloroplatinate. 

The  tests  indicate  that  the  two  denatured  alcohols  in  ques¬ 
tion  may  be  used  satisfactorily  to  replace  95  per  cent  grain 
alcohol  in  the  potassium  procedure. 


Table  II.  Potassium  Oxide  Determinations  on  Glass 


Wash  Solution  KjO,  % 

90  parts  of  ether-denatured  alcohol  +  10  parts  of  water  0.98 

0.99 

90  parts  of  acetone-denatured  alcohol  +  10  parts  of  water  0.95 

0.97 

80  parts  of  95%  alcohol  +  20  parts  of  water  0.99 

0.97 

Bureau  of  Standards  recommended  value  0 . 99 
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Spray  Residues  of  Tartar  Emetic  on  Citrus  Leaves 

Determination  by  Iodometric  Titration 

R.  L.  BUSBEY  AND  ROBERT  A.  FULTON 

Bureau  of  Entomology  and  Plant  Quarantine,  U.  S.  Department  of  Agriculture,  Whittier,  Calif. 


ARTAR  emetic  is  now  used  to  control  certain  species  of 
thrips,  especially  the  citrus  thrips,  Sdrtothrips  citri 
(Moult.),  on  lemons  and  oranges.  When  it  is  used  for  the 
control  of  the  citrus  thrips,  it  is  combined  with  sucrose  and 
applied  with  a  broom  gun  or  a  high-speed  blower  sprayer. 
During  the  1940  season  in  California  a  spray  solution  was 
used  containing  1.5  pounds  (680  grams)  of  tartar  emetic,  2 
pounds  (900  grams)  of  sucrose,  and  100  gallons  (378  liters)  of 
water.  Davidson,  Pulley,  and  Cassil  ( 1 )  have  proposed  a 
modified  Gutzeit  method  for  the  determination  of  tartar 
emetic  spray  residues.  However,  it  was  desired  to  develop  a 
simpler  method  that  would  eliminate  ashing  of  the  leaf  ma¬ 
terial. 


Table  I.  Tartar  Emetic  Deposits  on  Orange  Foliage 


(Sprayed  with  1.5  pounds  of  tartar  emetic  and  2  pounds  of  sugar  in  100 

gallons) 


Time  from  Spray¬ 

No.  of  Whole  Leaves 

ing  to  Sampling 

Taken 

Deposit" 

Days 

Plot  1  at  Redlands 

Micrograms/sq.  cm. 

0 

50 

9.4 

50 

7.8 

* 

48 

10.3 

50 

6.6 

49 

10.7 

50 

7.0 

Rain 

13 

50 

2.6 

50 

3.0 

50 

1.9 

51 

1.5 

21 

25 

1.9 

25 

1.3 

27 

1.5 

24 

Plot  2  at  Redlands 

1.2 

7 

25 

4.5 

25 

5.1 

25 

6.7 

25 

Plot  1  at  San  Bernardino 

6.4 

49 

9.2 

50 

7.4 

Rain 

13 

47 

1.5 

50 

1.1 

a  A  correction  factor,  1 . 80  micrograms  per  sq.  cm.  for  leaf  material. 


Direct  titration  with  iodine  solution  in  the  presence  of 
6odium  bicarbonate  is  a  recognized  means  of  determining 
antimony  in  solution  in  the  trivalent  form  in  which  it  exists  in 
tartar  emetic  [K(SbO)C4H4C>6.  VVELO].  Preliminary  ex¬ 
periments  showed  that  this  titration  was  not  significantly 
altered  by  the  presence  of  sucrose,  or  by  tartaric  acid,  which 
it  was  proposed  to  use  as  an  aid  to  the  removal  of  the  spray 
from  the  leaves.  Additional  experiments  showed  that  known 
amounts  of  tartar  emetic  applied  to  leaves  could  be  quanti¬ 
tatively  recovered  by  immediate  washing  with  1  per  cent 
tartaric  acid  solution.  If  the  treated  leaves  were  allowed  to 
dry  overnight,  or  were  kept  in  a  moist  chamber  for  several 
days,  the  titer  was  greater  than  the  tartar  emetic  applied,  but 
when  corrected  for  the  leaf  material  the  final  recoveries  aver¬ 
aged  about  98  per  cent. 

For  example,  3.07  ml.  of  solution  containing  5.78  mg.  of  tartar 
emetic  were  added  to  the  surface  of  13  leaves  and  allowed  to  dry 
overnight.  The  following  morning  the  residue  was  removed  with 


tartaric  acid  and  titrated  with  iodine;  5.84  mg.  of  tartar  emetic 
were  removed  from  the  leaves  compared  with  5.78  mg.  added. 
The  correction  factor  for  the  leaves  used  was  0.02  mg.  per  32.6 
sq.  cm.  of  leaf  surface  (average  area  of  leaf).  When  the  cor¬ 
rection  factor  was  applied  for  the  leaf  material  (0.26)  the  actual 
amount  removed  was  5.58  mg.  compared  with  5.78  mg.  added. 
In  another  test  the  leaves  were  allowed  to  stand  for  3  days  in  a 
standard  moisture  cage  (2).  When  they  were  removed,  washed 
with  tartaric  acid,  and  titrated  with  iodine,  8.82  mg.  of  tartar 
emetic  were  found  compared  with  8.51  mg.  added.  When  the 
above  figure  was  corrected  (0.02  X  17  leaves)  for  the  leaf  material, 
8.82  mg.  —  0.34  mg.  =  8.48  mg. 

The  use  of  the  method  is  not  valid  in  the  presence  of  ar- 
senites,  but  these  compounds  are  seldom,  if  ever,  applied  to 
citrus  trees. 

Procedure 

Replicate  samples  are  collected  from  a  plot  of  trees  sprayed 
with  tartar  emetic  by  selecting  at  random  a  few  leaves  from  each 
of  several  trees  until  approximately  25  or  50  have  been  taken. 
The  replicate  samples  need  not  come  from  the  same  trees. 
Similar  samples  are  collected  from  unsprayed  trees.  The  leaf 
material  is  placed  immediately  in  a  portable  ice  box  and  taken  to 
the  laboratory,  where  it  is  stored  in  a  refrigerator  until  analyzed. 
(Samples  have  been  satisfactorily  kept  for  18  days.)  As  soon 
as  practicable  the  leaves  are  washed  with  water  containing  1  per 
cent  of  tartaric  acid,  first  by  agitation  in  a  container  and  then 
individually  by  means  of  a  wash  bottle.  The  washings  are  made 
to  250  ml.  for  a  25-leaf  sample  and  to  500  ml.  for  one  of  50  leaves. 

Aliquants  of  100  ml.  are  neutralized  with  solid  sodium  bi¬ 
carbonate  and  enough  is  added  to  saturate  the  solution.  It  is 
immediately  titrated  with  standard  approximately  0.01  N  iodine 
solution,  using  freshly  prepared  starch  solution  as  indicator.  The 
iodine  must  be  added  at  a  uniform  rate  (approximately  10  seconds 
per  ml.). 

After  the  leaves  have  been  washed,  their  outlines  are  traced 
on  paper  and  the  area  is  determined  with  a  planimeter.  The 
results  in  this  paper  are  reported  in  terms  of  residue  per  square 
centimeter  of  leaf,  and  not  on  the  basis  of  total  leaf  surface. 

The  correction  to  be  applied  is  determined  by  carrying  the 
unsprayed  samples  through  the  same  procedure. 

For  residues  on  lemons  approximately  15  fruits  are  taken  as  a 
sample.  They  are  assumed  to  be  prolate  spheroids,  and  the 
area  is  calculated  from  measurements  of  the  major  and  minor 
axes. 

That  the  titration  obtained  is  really  due  to  antimony  is  con¬ 
firmed  by  Reinsch’s  test,  in  which  a  strip  of  bright  copper  is 
boiled  for  5  minutes  in  a  portion  of  the  solution  to  which  has  been 
added  one  sixth  its  volume  of  concentrated  hydrochloric  acid. 
A  black  or  violet  lustrous  deposit  is  obtained. 


Table  II.  Tartar  Emetic  Deposits  on  Lemon  Foliage  and 

Lemons 

(At  San  Fernando,  Calif.,  12  days  after  spraying  with  1.5  pounds  of  tartar 
emetic  and  2  pounds  of  sugar  in  100  gallons) 


Sprayed  Material 
Analyzed 

No. 

Deposit 

Leaves3 

51 

Micrograms/sq.  cm. 

1.6 

49 

2.4 

Lemons3 

14 

0.9 

14 

0.7 

3  A  correction  factor  of  1.50  micrograms  per  sq.  cm.  was  used  for  leaves 
and  1.60  micrograms  per  sq.  cm.  for  lemons. 


Results 

With  this  technique  tartar  emetic  deposits  have  been  de¬ 
termined  on  citrus  foliage  and  on  lemons  from  groves  in  sev¬ 
eral  sections  of  southern  California.  The  results  are  shown  in 
Tables  I  and  II. 
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Summary 

The  antimony  residues  from  spraying  citrus  trees  with 
tartar  emetic  and  sugar  can  be  removed  from  the  leaves  by 
washing  with  dilute  tartaric  acid  solution  and  determined  by 
titrating  with  standard  iodine  solution.  The  residues  from 
orange  foliage  from  a  spray  containing  1.5  pounds  of  tartar 
emetic  and  2  pounds  of  sugar  per  100  gallons  were  found  to 


contain  antimony  equivalent  to  6.6  to  10.7  micrograms  of 
tartar  emetic  per  square  centimeter  immediately  after  spray¬ 
ing,  but  these  residues  were  greatly  reduced  by  rain. 
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Determining  an  Alkali  Carbonate  in  the 
Presence  of  an  Alkali  Bicarbonate 

A  Colorimetric  Method 

W.  TAYLOR  SUMERFORD  WITH  THE  TECHNICAL  ASSISTANCE  OF  DAVID  DALTON  AND  ROBERT  JOHNSON 

School  of  Pharmacy,  University  of  Georgia,  Athens,  Ga. 


THE  carbonates  and  bicarbonates  of  the  alkali  metals  are 
important  industrial  chemicals  and  useful  chemical  rea¬ 
gents,  since  they  are  the  salts  of  a  strong  base  and  a  weak 
acid  and  are  the  only  readily  available  salts  of  these  anions 
which  are  soluble  in  water. 

It  is  frequently  necessary  to  distinguish  between  the  car¬ 
bonate  and  bicarbonate  of  an  alkali  metal,  and  to  determine 
one  in  the  presence  of  the  other,  since  solutions  of  bicar¬ 
bonates  lose  carbon  dioxide  to  revert  to  the  corresponding 
carbonate  and  solutions  of  the  carbonates  absorb  carbon  diox¬ 
ide  to  become  contaminated  with  the  bicarbonate. 

The  pH  of  an  alkali  carbonate  solution  is  higher  than  that  of 
the  corresponding  bicarbonate;  hence,  these  anions  may  be 
distinguished  by  their  behavior  with  an  indicator  such  as 
turmeric  (7),  which  is  reddened  by  solutions  of  an  alkali  car¬ 
bonate  but  not  by  solutions  of  an  alkali  bicarbonate.  Mercu¬ 
ric  chloride  ( 6 ),  which  gives  a  brownish-red  precipitate  with 
solutions  of  an  alkali  carbonate  and  a  white  precipitate  with 
solutions  of  the  bicarbonate,  has  been  used  to  distinguish  be¬ 
tween  these  anions;  as  has  magnesium  sulfate  (5),  which  pre¬ 
cipitates  at  room  temperature  with  alkali  carbonates  but  not 
with  the  corresponding  bicarbonates. 


Qualitative  Procedure 

In  a  study  of  the  tautomerism  of  p-nitrosothymol  and  thy- 
moquinone  monoxime  (9)  it  was  observed  that  a  solution  of 
sodium  carbonate  was  alkaline  enough  to  tautomerize  the 
colorless  p-nitrosothymol  into  thymoquinone  monoxime  with 
the  simultaneous  production  of  a  red  color  due  to  the  presence 
of  the  anion  of  the  sodium  salt  of  the  oxime: 


<X 


NOH 

r  i 

i 

-f-  Na2C03  — 
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+  NaHCCb 


A  solution  of  sodium  bicarbonate  under  the  same  conditions 
produces  no  color  or  a  very  faint  yellow  color,  depending  on 
the  amount  of  carbonate  contamination  in  the  bicarbonate 
sample.  Thus  p-nitrosothymol  can  be  used  to  distinguish 
between  alkali  carbonates  and  bicarbonates  and  provides  a 
qualitative  test  for  the  presence  of  an  alkali  carbonate  in  a 
sample  of  an  alkali  bicarbonate. 

p-Nitrosothymol  is  available  from  the  Eastman  Kodak  Com¬ 
pany,  Rochester,  N.  Y.  It  can  also  be  prepared  in  almost 


quantitative  yields  by  the  method  of  Kremers  and  Wakeman  (3). 
Purification  of  p-nitrosothymol  can  be  accomplished  by  re¬ 
crystallization  from  benzene  or  from  diluted  alcohol  with  the  use 
of  activated  carbon. 

Quantitative  Procedure 

There  are  standard  procedures  {10)  for  titrating  an  alkali 
carbonate  in  the  presence  of  an  alkali  bicarbonate  by  the  use 
of  selected  indicators.  The  accuracy  of  these  methods  de¬ 
pends  upon  several  factors,  especially  the  choice  of  the  indi¬ 
cator,  but  under  no  condition  is  it  exact  when  the  amount  of 
bicarbonate  is  proportionately  large  {2). 

For  determining  inadmissible  amounts  of  carbonate  in  official 
samples  of  the  alkali  bicarbonates,  the  U.  S.  Pharmacopoeia  XI 
{11)  requires  that  a  1-gram  sample  of  the  salt  be  not  alkaline 
to  phenolphthalein  after  it  has  been  dissolved  in  20  ml.  of 
distilled  water  below  15°  C.  and  treated  with  2  ml.  of  0.1  N 
hydrochloric  acid.  The  British  Pharmacopoeial  method  (1)  is 
similar,  except  that  thymol  blue  is  used  as  the  indicator. 
While  these  pharmacopeial  methods  serve  the  purpose  for  which 
they  are  intended,  they  are  not  quantitative. 

The  qualitative  test  using  p-nitrosothymol  was  investi¬ 
gated  to  determine  whether  the  intensity  of  the  color  pro¬ 
duced  with  the  indicator  was  in  direct  ratio  to  the  amount  of 
alkali  carbonate  present,  so  that  it  could  be  used  for  quan¬ 
titatively  determining  an  alkali  carbonate  in  the  presence  of 
the  corresponding  bicarbonate. 

Experimental 

To  a  series  of  Nessler  tubes,  arranged  in  a  rack  fitted  with  a 
white  porcelain  base,  were  added  equal  volumes  of  sodium  car¬ 
bonate  solutions  of  graduated  molarity.  To  each  tube  was 
then  added  approximately  twice  the  calculated  quantity  of  p- 
nitrosothymol  previously  dissolved  in  enough  neutral  acetone  or 
neutral  dioxane  to  give  a  0.35  M  solution.  (The  p-nitrosothymol 
was  dissolved  in  the  solvent  to  facilitate  its  admixture  with  the 
carbonate  solutions.)  The  tubes  were  shaken  for  from  10  to  15 
minutes,  and  the  excess  p-nitrosothymol  was  filtered  off.  These 
filtrates  provide  the  reference  standards.  An  equal  volume  of  a 
solution  containing  an  unknown  amount  of  alkali  carbonate 
was  treated  in  like  manner,  after  which  its  intensity  of  color 
was  compared  to  those  of  the  reference  standards  for  the  deter¬ 
mination  of  its  alkali  carbonate  content. 

By  this  procedure,  using  a  blank  composed  of  p-nitroso¬ 
thymol  and  distilled  water,  it  was  found  that  the  color  pro¬ 
duced  by  the  indicator  in  the  presence  of  0.0001  M  solutions 
of  sodium  carbonate  could  be  detected  with  the  unaided  eye. 
From  this  molarity  the  method  is  applicable  in  concentrations 
up  to  0.1  M  sodium  carbonate,  above  which  the  color  is  too 
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intense  for  comparisons.  Near  the  lower  concentration  it  is 
possible  to  distinguish  between  a  0.0001  and  a  0.00015  M 
sodium  carbonate  solution,  and  at  the  higher  concentration 
between  a  0.1  and  0.09  M  solution. 

Three  different  procedures  were  used  to  check  the  accu¬ 
racy  of  the  p-nitrosothymol  method  against  other  methods 
used  to  determine  alkali  carbonates  in  the  presence  of  alkali 
bicarbonates. 

A  solution  of  sodium  carbonate  of  known  molarity  was  pre¬ 
pared  by  dissolving  reagent  monohydrated  sodium  carbonate  in 
distilled  water.  Measured  portions  of  this  solution  were  assayed 
by  titration  with  standardized  hydrochloric  acid,  using  methyl 
orange  as  an  indicator.  Identical  samples  were  assayed  by  the 
use  of  p-nitrosothymol  in  the  manner  described  above.  Twelve 
color  reference  standards  ranging  from  0.01075  to  0.01625  M 
with  respect  to  sodium  carbonate  were  used,  and  each  succes¬ 
sive  tube  in  the  series  differed  to  the  extent  of  0.0005  in  molarity. 
The  results  by  the  two  methods  are: 

Molarity  of  solution  with  respect  to 

NasCOj 

True  molarity  0.01325 

As  determined  with  HC1  (average 

of  3  determinations)  0.01338 

As  determined  with  p-nitroso- 

thymol  (average  of  5  readings)  0.01340 

A  0.15  M  solution  of  sodium  bicarbonate  was  treated  with 
carbon  dioxide  until  it  no  longer  gave  a  color  with  p-nitroso- 
thymol.  To  this  solution  were  added  enough  sodium  carbonate 
and  distilled  water  to  give  a  solution  which  was  0.075  M  with  re¬ 
spect  to  sodium  bicarbonate  and  0.00525  M  with  respect  to  so¬ 
dium  carbonate.  The  amount  of  sodium  carbonate  in  this 
solution  was  then  determined  by  Kuster’s  method  (4-),  which 
consists  of  titrating  the  solution  at  0°  C.  in  the  presence  of  an 
alkali  chloride  with  standardized  acid,  using  phenolphthalein  as 
the  indicator.  The  amount  of  sodium  carbonate  was  determined 
also  with  the  use  of  p-nitrosothymol  in  the  manner  described 
above.  Twelve  color  reference  standards  which  ranged  from 
0.00275  to  0.00825  M  with  respect  to  sodium  carbonate  were 
used,  and  each  successive  tube  in  the  series  differed  to  the  extent 
of  0.0005  in  molarity.  The  results  by  both  methods  are: 

Molarity  of  solution  with  respect  to 
NarCOj 

True  molarity  0.00525 

As  determined  with  HC1  (average 

of  3  determinations)  0.00735 

As  determined  with  p-nitroso- 

thymol  (average  of  5  readings)  0.00612 

The  amount  of  sodium  carbonate  in  a  sample  of  sodium  bicar¬ 
bonate  was  determined  with  p-nitrosothymol  in  the  manner  pre¬ 
viously  described.  To  an  approximately  0.15  M  solution  of  this 
sodium  bicarbonate  were  added  enough  0.0175  M  sodium  car¬ 
bonate  solution  and  distilled  water  to  give  a  solution  which  was 
approximately  0.075  M  with  respect  to  sodium  bicarbonate  and 
0.00575  M  with  respect  to  sodium  carbonate.  The  sodium  car¬ 
bonate  in  aliquot  portions  of  this  solution  was  determined  by 
titration  with  standardized  hydrochloric  acid,  using  a  mixed 
indicator  composed  of  thymol  blue  and  cresol  red  as  recommended 
by  Simpson  (8).  Other  aliquot  portions  were  assayed  for 
sodium  carbonate,  using  p-nitrosothymol  in  the  manner  de¬ 
scribed  above.  Twelve  color  reference  standards  which  ranged 
from  0.00275  to  0.00825  M  with  respect  to  sodium  carbonate  were 
used,  and  each  successive  tube  in  the  series  differed  to  the  extent 
of  0.0005  in  molarity.  The  results  by  the  two  methods  are: 

Molarity  of  solution  with  respect  to 
NajCOi 

True  molarity  0.00575 

As  determined  with  HC1  (average 

of  3  determinations)  0.00620 

As  determined  with  p-nitroso¬ 
thymol  (average  of  5  readings)  0.00600 

Stability  of  Reference  Standards 

The  influence  of  aging  of  the  reference  standards  on  the 
accuracy  of  the  method  was  determined. 

A  series  of  twelve  reference  standards  which  ranged  from 
0.00275  to  0.00825  M  with  respect  to  sodium  carbonate,  with 
each  successive  tube  differing  to  the  extent  of  0.0005  in  molarity, 
was  prepared  by  the  method  described  above,  except  that  the 
indicator  was  shaken  with  the  known  carbonate  solutions  for  30 
minutes.  The  reference  standards  were  kept  for  8  days,  during 


which  they  were  checked  periodically  with  a  carbonate  solution 
of  known  molarity  which  was  prepared  just  prior  to  the  periodic 
comparisons  by  the  same  procedure  used  with  the  reference 
standards. 

The  results  of  these  comparisons  are: 

True  molarity  of  solution  with  re¬ 
spect  to  Na2COa 

Molarity  with  respect  to  NajCOi 

Determined  with  fresh  standard 
(average  of  3  determinations) 

Determined  with  day-old  standard 
(average  of  3  determinations) 

Determined  with  3-day-old  stand¬ 
ard  (average  of  3  determina¬ 

tions) 

Determined  with  5-day-old  stand¬ 
ard  (average  of  3  determina¬ 

tions) 

Determined  with  8-day-old  stand¬ 
ard  (average  of  3  determina¬ 

tions) 

Discussion 

While  all  the  foregoing  experiments  involved  the  use  of 
only  sodium  carbonate  and  sodium  bicarbonate,  it  was  found 
by  preliminary  experiments  that  the  method  could  be  applied 
to  the  corresponding  salts  of  lithium  and  potassium. 

For  the  p-nitrosothymol  method  to  be  accurate  and  its 
results  reproducible,  the  conditions  for  mixing  the  bicarbonate 
solution  must  be  kept  the  same  as  those  under  which  the 
reference  standards  are  prepared  from  known  alkali  carbonate 
solutions  and  p-nitrosothymol. 

There  was  no  difference  in  the  intensity  of  the  color  pro¬ 
duced  when  1.1  or  2  times  the  calculated  quantity  of  p-nitro¬ 
sothymol  was  added  to  the  alkali  carbonate  solutions.  Ad¬ 
dition  of  approximately  twice  the  calculated  quantity  of 
p-nitrosothymol  provides  a  safe  margin,  especially  in  the  case 
of  the  unknowns  where  the  carbonate  content  would  have  to 
be  estimated. 

As  may  be  seen  from  the  experimental  data,  the  method 
is  more  accurate  when  freshly  prepared  reference  standards 
are  used.  The  reference  standards  change  less  when  they 
are  kept  in  a  closed  cupboard  than  when  they  are  exposed  to 
the  light. 

As  was  expected,  boiling  a  solution  of  sodium  carbonate  or 
sodium  bicarbonate  with  the  indicator  gave  a  darker  color 
than  when  solutions  of  the  same  strength  were  shaken  with 
the  indicator  at  room  temperature. 

The  p-nitrosothymol  method  is  most  accurate  when  only  a 
little  carbonate  is  present  with  much  bicarbonate,  the  condi¬ 
tions  under  which  the  titration  method  is  least  exact. 
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A  Schematic  Procedure  for  Identification  of 
Common  Commercial  Plastics 

HOWARD  NECHAMKIN 
1971  73rd  St.,  Brooklyn,  N.  Y. 


THE  use  of  synthetic  resins  or  plastics  is  daily  becoming 
more  and  more  important.  Not  only  are  these  materials 
being  used  for  original  purposes,  but,  even  more  important, 
they  are  gradually  replacing  tremendous  quantities  of  metals 
and  other  vital  materials  in  war  industry. 

The  chemist,  especially  in  the  commercial  or  industrial 
testing  laboratory,  has  to  keep  up  with  the  great  strides  taken 
by  the  plastics  industry  if  he  is  to  remain  valuable  in  his  po¬ 
sition.  Tables  of  the  properties  and  characteristics  of  the 
synthetic  resins  are  readily  available  ( 3 )  but,  to  the  best  of 
the  author’s  knowledge,  no  method  has  as  yet  been  published 
to  aid  the  chemist  in  the  identification  of  a  particular  plastic. 

This  article  presents,  in  schematic  form,  a  simple  and  con¬ 
cise  procedure  for  the  identification  of  the  more  commonly 
encountered  synthetic  resins  or  plastics.  Not  all  the  known 
plastics  are  considered  in  this  procedure,  but  only  those  which 
are  rather  uncommon  under  ordinary  circumstances  have  been 
omitted.  Only  those  materials  which  one  is  likely  to  find  in 
consumer  merchandise  submitted  for  test  have  been  included. 
Naturally,  with  the  development  of  new  materials  and  the 
appearance  of  new  plastics  on  the  commercial  market,  addi¬ 
tions  and  revisions  of  the  method  will  become  necessary. 

A  novel  feature  of  the  procedure  is  the  rather  wide  applica¬ 
tion  of  the  olfactory  sense.  In  most  cases  the  odors  are  so 
intense  that  rather  cautious  smelling  is  advised. 

An  important  effect  to  be  noted  in  the  classification  is  the 
“green  zone”  around  the  base  of  the  flame.  This  green  color, 
when  present,  will  be  found  at  the  area  closest  to  the  burning 
plastic  and  will  be  readily  discernible.  In  all  the  burning  tests 
a  strip  or  small  rod,  if  practicable,  should  be  touched  to  the 
side  of  a  small  flame.  If  it  takes  fire  readily,  it  should  be 
removed  from  the  flame  at  once;  if  it  melts  and  draws  away 
from  the  flame,  it  should  be  moved  so  that  it  is  kept  in  the 
flame  until  it  takes  fire,  but  not  for  more  than  10  seconds. 
When  the  flame  of  the  plastic  is  to  be  examined  after  removal 
from  the  Bunsen  flame,  this  should  be  done  immediately  fol¬ 
lowing  the  removal,  disregarding  any  burning  characteristics 
occurring  after  the  first  2  seconds. 

To  determine  the  odor  of  vapors  produced,  the  flame  should 
be  blown  out  immediately  upon  removal  from  the  Bunsen 
flame  and  the  rising  vapors  should  be  smelled  cautiously.  No 
valid  conclusions  can  be  reached  from  smelling  the  plastic 
while  it  burns,  and  too  much  vapor  will  produce  a  deadening 
effect  upon  the  olfactory  organs. 

In  all  cases  it  is  advisable  to  have  specimens  of  the  various 
plastics  in  the  laboratory,  for  comparison  of  the  tentatively 
identified  unknown  material  with  a  known  specimen.  The 
ideal  forms  in  which  plastics  are  to  be  examined  are  sheets  and 
rods. 


Nomenclature 

Urea  formaldehyde,  the  thermosetting  polymer  produced  by 
the  condensation  of  urea  and  formaldehyde,  is  usually  glassy  and 
infusible.  Heating  causes  the  resin  to  blacken  and  it  ignites  only 
with  extreme  difficulty. 


Structural  unit: 


— N— C— N— CH2— 


Represented  by  Beetleware  and  Plaskon 


Melamine  Formaldehyde,  similar  to  urea  formaldehyde  in 
properties  and  appearance,  is  formed  by  the  condensation  of  mel¬ 
amine  and  formaldehyde. 


Structural  unit: 


H 

H  N— C— N— CH,— 

/  X 

— N— C  N 


Represented  by  Melamac  and  Plaskon 

Phenol  Formaldehyde,  the  thermosetting  resin  formed  by 
the  condensation  of  phenol  and  formaldehyde,  is  one  of  the  most 
widely  used  of  all  plastics.  The  original  work  of  Baekeland  (I) 
describes  the  variation  of  the  properties  of  the  polymer  with 
methods  of  preparation  and  processing. 


Structural  unit: 


Represented  by  Durite  and  Bakelite 

Pliofilm,  a  thermoplastic  resin  produced  by  the  addition  of  hy¬ 
drogen  chloride  to  the  unsaturated  linkage  present  in  rubber. 
It  is  widely  used  in  sheet  form  as  a  protective  covering  for 
various  articles. 

Neoprene,  a  rubberlike  synthetic  material  produced  by  poly¬ 
merization  of  the  addition  product  of  vinyl  acetylene  and  hydro¬ 
gen  chloride.  It  has  properties  remarkably  superior  to  those  of 
the  natural  product  it  can  replace,  rubber. 


Structural  unit: 


r  — CH2— C=CH— CH2— “I 

i,  I 


Vinyl  Chloride  Derivatives,  thermoplastic  resins  produced 
by  polymerization  of  vinyl  chloride  with  itself  or  with  other 
compounds  such  as  vinyl  acetate.  The  products  are  elastic  and 
may  be  transparent.  Many  of  the  plastic  suspenders  and  wrist- 
watch  bands  are  made  of  this  material. 

Represented  by  Vinylite  V  and  Koroseal 

Casein.  These  are  infusible  resins  produced  by  the  proces¬ 
sing  and  molding  of  milk  protein.  The  products  are  usually 
opaque,  but  may  clear  if  the  casein  is  hydrolyzed  first.  The  ma¬ 
terial  is  very  tough. 

Cellulose  Acetate,  a  thermoplastic  product  produced  by  the 
reaction  between  acetic  anhydride  and  cellulose,  is  an  ester  of  the 
alcohol  cellulose.  Safety  film  is  prepared  from  this  material. 

Represented  by  Lumarith,  Tenite  I,  and  Fibestos 

Cellulose  Nitrate,  the  resin  produced  by  the  nitration  of 
cellulose  with  mixed  sulfuric  and  nitric  acids.  When  plasticized 
with  camphor  it  is  known  as  celluloid.  It  is  a  highly  flammable 
material  which  is  finding  less  and  less  use  with  the  development 
of  newer  plastics  because  of  this  hazard. 

Represented  by  Celluloid  and  Hycoloid 

Methacrylate  Resins,  thermoplastic  products  formed  by 
polymerization  of  one  or  more  compounds  of  the  type  a-methyl 
methacrylate,  methyl  acrylate,  ethyl  methacrylate,  etc.  The 
product  is  readily  prepared  clear  and  colorless.  The  aviation  in¬ 
dustry  is  becoming  one  of  the  chief  users  of  this  resin.  A  dis¬ 
advantage  of  the  material  is  its  comparatively  low  resistance  to 
abrasive  materials. 

Represented  by  Plexiglas  and  Lucite 

Polyvinyl  Formal,  Acetal,  and  Butyral,  thermoplastic 
resins  produced  by  the  condensation  of  polyvinyl  alcohol  with 
formaldehyde,  acetaldehyde,  and  butyraldehyde,  respectively. 
They  are  not  very  frequently  encountered  in  consumer  goods,  but 
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show  definite  promise  of  much  wider  application  than  they  enjoy 
at  present. 

Represented  by  Formvar,  Alvar,  and  Butvar 
Nylon,  the  condensation  polymer  formed  by  the  interaction 
of  adipic  acid  and  hexamethylenediamine.  It  is  thermoplastic 
and  has  exceptional  tensile  strength.  Nylon  stockings,  bristles, 
and  tennis  racket  strings  on  the  market  illustrate  the  versatility 
of  this  product.  Parachute  manufacture  consumes  most  of  our 
present  output. 

I" — C — (CH2)4 — C — (CH2)e — NH — ” 
Structural  unit:  ^  || 


Cellulose  Acetobutyrate,  a  thermoplastic  resin  produced 
by  reacting  cellulose  with  acetic  butyric  anhydride,  C3H7CO — 
O — OCCH3.  It  may  be  prepared  in  transparent  sheets  or  in 
heavy  opaque  form.  Like  cellulose  acetate,  this  product  is  an 
ester  of  cellulose. 

Represented  by  Tenite  II 

Polystyrene,  a  thermoplastic  material  produced  by  poly¬ 
merization  of  the  aromatic  hydrocarbon,  styrene.  It  is  therefore 
highly  resistant  to  attack  by  inorganic  acids  and  alkalies.  It  is 
very  widely  used. 


r  h 

— C— CHr- 


Structural  unit: 


Represented  by  Styron,  Lustron,  and  Loalin 

Ethyl  Cellulose,  an  ether  formed  by  the  intermolecular  de¬ 
hydration  of  cellulose  and  ethyl  alcohol.  It  is  very  similar  in 
appearance  and  properties  to  the  ester  cellulose  acetate. 

Represented  by  Ethocel 

Cellulose,  the  common  transparent  material  widely  used  for 
wrapping  packages.  Strictly  speaking  it  is  not  a  synthetic  resin, 
but  merely  reprecipitated  cellulose.  It  is  included,  however,  be¬ 
cause  of  its  close  resemblance  to  other  materials  used  for  similar 
purposes. 

Represented  by  Cellophane 

V inylidene  Chloride  Resins,  the  newly  developed  very  re¬ 
sistant  resins  produced  by  the  polymerization  of  vinylidene 
chloride,  unsymmetrical  dichloroethylene.  It  is  produced  in  fila¬ 
ment  and  sheet  as  well  as  tube  form. 

Structural  unit:  [ — CCI2 — CH2 — ] 

Represented  by  Saran  and  Velon 


B.  Flame  predominantly  blue,  may  have  a  small  white  tip 

1.  Very  strong  sweet  floral  fruity  odor:  methacrylate 

2.  Odor  reminiscent  of  burning  vegetation  or  fresh 
celery.  Flame  is  almost  entirely  blue.  The  resin 
is  soluble  in  aqueous  60  per  cent  (by  volume)  hydro¬ 
chloric  acid  (2):  nylon 

3.  Weak  very  slightly  sweet  odor:  polyvinyl  formal 

4.  Odor  of  rancid  butter  or  cheese 

a.  Sparks  produced  from  flame  of  burning  plastic: 

cellulose  acetobutyrate 

b.  No  sparks,  burning  smooth  and  steady:  poly¬ 
vinyl  butyral 

C.  Flame  surrounded  by  bright  green  mantle,  odor  of  burnt 

rubber:  pliofilm 

D.  Flame  surrounded  by  a  purple  mantle,  sparks  and  an 

acetic  odor:  polyvinyl  acetal 

E.  Flame  yellow-white  and  luminous 

1.  Odor  of  butyric  acid:  cellulose  acetobutyrate 

2.  Odor  of  burnt  milk  protein :  casein 

3.  Sweet  floral  odor  (marigold),  flame  smoky:  poly¬ 
styrene 

4.  Weak  very  slightly  sweet  odor:  polyvinyl  formal 

5.  Odor  of  burnt  paper:  cellulose 

6.  Odor  of  burnt  rubber,  flame  weak,  small  green  mantle 
overshadowed  by  yellow.  White  flashes  may  appear 
in  the  flame:  neoprene 

F.  Flame  surrounded  by  yellow-green  mantle 

1.  Burns  with  difficulty  and  sparks,  producing  an 
acetic  odor.  The  melted  burning  plastic,  when  al¬ 
lowed  to  drip  into  water,  produces  heavy  black-brown 
foamy  granules  or  flakes:  cellulose  acetate 

2.  Burns  readily,  once  started,  producing  a  slight  sweet 
odor.  The  melted  burning  plastic,  when  allowed  to 
drip  into  water,  produces  flat  disks  which  are  light 
tan  when  the  plastic  is  clear,  or  not  very  different  in 
color  from  the  original  plastic  when  the  plastic  is 
colored:  ethyl  cellulose 

The  same  resin  may  occupy  more  than  one  position  in  the 
scheme.  This  is  to  take  into  account  any  possible  misinter¬ 
pretations  of  the  characteristics  described. 


Summary 

A  schematic  procedure  for  identification  of  the  commercial 
plastic  types  includes  the  plastics  which  the  average  chemist 
may  encounter  in  his  testing  experiences.  Seventeen  families 
of  plastics  are  discussed  briefly,  representing  about  one  hun¬ 
dred  plastics  which  are  marketed  under  different  commercial 
names. 


Procedure 

The  plastic,  in  strip  or  rod  form,  if  possible,  is  held  at  one 
side  of  a  Bunsen  flame  until  it  takes  fire,  but  not  for  more  than 
10  seconds.  The  following  scheme  is  then  consulted : 

I.  No  flame  is  produced.  The  article  retains  its  shape.  The 
odor  of  formaldehyde  is  present  in  all  cases. 

A.  No  other  odor:  urea  formaldehyde 

B.  Strong  fishlike  odor:  melamine  formaldehyde 

C.  Phenolic  odor:  phenol  formaldehyde 

II.  The  burning  plastic  extinguishes  itself  on  removal  from 
the  Bunsen  name.  Specimen  held  just  to  edge  of  flame. 

A.  A  green  zone  is  produced. 

1.  Odor  of  burnt  rubber 

a.  Green  area  pronounced:  pliofilm 

b.  Green  area  small  and  overshadowed  by  yellow: 
neoprene 

2.  Odor  acrid  but  not  that  of  burnt  rubber:  vinyl 
chloride  derivative 

3.  Odor  sweet,  heavy  black  ash:  vinylidene  chloride 
resins 

B.  Odor  of  burnt  milk  protein:  casein 

C.  Sparks  from  flame  of  burning  plastic  and  acetic  odor: 
cellulose  acetate 

III.  The  plastic  continues  to  burn  after  removal  from  the  Bunsen 
flame.  Flame  examined  for  color  during  the  first  second  of 
burning. 

A.  Burning  very  rapid  and  intense  white  flame 

1.  Odor  of  camphor:  celluloid 

2.  No  camphor  odor:  cellulose  nitrate 
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A  Versatile  Continuous  Reading  Thermionic 

V  oltmeter 
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Scripps  Institution  of  Oceanography,  University  of  California,  La  Jolla,  Calif. 


THERMIONIC  instruments  for  potential  measurement 
can  be  roughly  divided  into  two  classes :  vacuum  tube  volt¬ 
meters  for  voltage  measurements  in  low-resistance  circuits  and 
electrometers  for  voltage  measurements  in  high-resistance  cir¬ 
cuits.  Few  attempts  have  been  made  to  combine  into  one 
instrument  those  characteristics  necessary  for  high-resistance 
work  with  desirable  features  usually  found  only  in  vacuum 
tube  voltmeters.  The  increasing  use  of  the  glass  electrode  and 
the  phototube  have  put  a  premium  on  the  development  of 
such  universal  instruments. 

A  satisfactory  laboratory  voltmeter  for  all-purpose  work 
should  be  designed  with  the  following  characteristics  in  mind: 

Necessary  Desirable 

Low  grid  current  Continuous  reading  Variable  sensitivity 

Stability  Simplicity  of  operation  Circuit  simplicity 

High  sensitivity  Wide  operating  range  Low  cost  of  construction 

Low  drift  rate  Portability 

All  these  characteristics  are  not  entirely  compatible.  The 
great  majority  of  potential  measuring  circuits  having  the 
“necessary”  characteristics  have  been  designed  around 
special  electrometer  tubes  of  relatively  high  cost  or  are  cir¬ 
cuits  suitable  only  for  use  as  null-point  indicators  {4,  6,8,11, 
18,  14,  15,  18,  22,  28,  29).  None  of  these  instruments  has 
enough  of  those  characteristics  listed  as 
desirable  to  make  it  suitable  for  general 


ordinary  pentagrid  converter,  type  1A7GT,  which  has  the  neces¬ 
sary  characteristics  for  an  electrometer  tube.  The  1A7GT  is 
particularly  useful,  since  it  also  has  a  low  filament  current,  with 
resulting  low  heat  emission  and  battery  drain. 

In  the  circuit  of  Garman  and  Droz  the  plate  and  anode  grid 
of  the  pentagrid  converter  are  connected  as  a  conventional 
Wheatstone  bridge.  The  voltage  to  be  measured  is  impressed 
between  the  control  grid  and  filament  and  results  in  a  simultane¬ 
ous  increase  in  plate  current  and  an  equal  decrease  in  anode  grid 
current  or  vice  versa.  This  results  in  doubly  unbalancing  the 
bridge.  In  their  original  circuit  Garman  and  Droz  connect  a 
sensitive  current  meter  across  the  bridge  to  indicate  the  degree  of 
unbalance.  A  high-resistance  meter  would  be  desirable,  to  build 
up  a  maximal  potential  difference  across  the  bridge,  but  a  low- 
resistance  meter  would  give  a  greater  deflection  for  a  given  volt¬ 
age  difference. 

Experiment  showed  that,  in  the  voltmeter  described,  increas¬ 
ing  the  meter  resistance  about  90  times  decreased  the  sensi¬ 
tivity  only  threefold,  indicating  that  the  high  resistance  al¬ 
lowed  30  times  as  high  a  voltage  to  be  developed  across  the 
bridge  as  the  low  resistance.  The  ideal  meter,  then,  should 
have  a  very  high  resistance  as  well  as  a  high  sensitivity. 

The  ideal  meter  characteristics  are  approached  by  connecting 
across  the  bridge  of  the  Garman-Droz  circuit  an  ordinary  vacuum 
tube  voltmeter  (Figure  1).  The  second  stage  is,  in  effect,  a  volt- 


laboratory  use. 

For  potentiometric  titration  work  an 
instrument  that  continuously  indicates  the 
potential  is  most  desirable,  since  it  allows 
the  course  of  the  equilibrium  to  be  followed 
at  all  times.  While  several  continuous-read¬ 
ing  ti trimeters  have  been  described  {10,  12, 
25,  82,  83),  few  continuous-reading  volt¬ 
meters  suitable  for  high-resistance  work  are 
to  be  found  in  the  literature  {16,  24,  81). 
Of  the  circuits  published,  that  of  Penther, 
Rolfson,  and  Lykken  {24)  is  the  most 
promising  for  work  in  high-resistance  sys¬ 
tems.  The  principal  limitation  of  their  in¬ 
strument  is  that  it  has  a  range  of  linear 
response  of  only  0.110  volt.  Further  voltage 
changes  must  be  compensated  for  with  a 
step-potentiometer.  In  titrations  of  a  routine 
nature  where  speed  is  important,  it  would  be 
more  advantageous  to  have  an  instrument 
with  a  wider  voltage  range  requiring  no  ad¬ 
justment  during  the  course  of  the  titration. 

The  circuit  described  below  was  developed 
in  an  attempt  to  combine  in  one  instrument 
as  many  of  the  listed  features  as  possible. 

Circuit  Synthesis 

Recently  Garman  and  Droz  {10)  designed  a 
simple  vacuum  tube  voltmeter  employing  the 
bridge-type  circuit  usually  found  in  stable  elec¬ 
trometers.  The  tube  used  in  their  circuit  is  an 


1  Present  address,  U.  S.  Navy  Radio  and  Sound 
Laboratory,  San  Diego,  Calif. 


microammeter 

R i.  10,000-ohm  uniform  volume  control 
Ri.  5000-ohm  uniform  volume  control 
Ra.  10,000-ohm  uniform  volume  control 

Rt.  2000-ohm  uniform  volume  control  (for  use  with  0-500  microammeter)  with  switch 
cover  plate  for  Sa 
Ra.  5000-ohm  0.5-watt 

Ra.  5000-ohm  tapered  volume  control  with  switch  cover  plate  for  Si  and  Si 

Ri.  30-ohm  0.5-watt 

Ra.  2000-ohm  0.5  watt 

Si,  Si.  Double-pole  single-throw  switch 

S3.  Single-pole  single-throw  switch 

St.  Special  high-resistance  SP3  position  switch  with  off  position  in  center 

St.  SP3  position  switch  with  off  position  in  center 

Vi.  2  1. 5-volt  flashlight  cells 

Vi.  1.5-volt  filament  battery 

V3.  45-volt  plate  battery 

Vi.  2  1.5-volt  filament  batteries 

Va.  2  45-volt  plate  batteries 
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Figure  2.  Sensitivity  Variation  with  Bridge  Resistance 


meter  having  a  resistance  of  several  megohms  but  with  a  sensi¬ 
tivity  of  about  850  microamperes  per  volt.  The  1E4G  tube  was 
chosen  for  this  stage  because  it  has  advantages  over  other  voltage 
amplifiers  in  possessing  a  low  filament  current,  high  transcon¬ 
ductance,  zero  grid  bias,  and  the  high  stability  inherent  in  triodes. 

To  this  basic  circuit  were  added  several  other  features  for  in¬ 
creasing  the  versatility  of  the  instrument.  One  of  these  is  the 
potentiometer  circuit,  R\-V\,  in  the  EMF  input  lead  to  the  fila¬ 
ment  of  the  electrometer  tube. 

The  bridge  resistances,  R2  and  R3,  are  separate  variable  resist¬ 
ances  to  permit  varying  the  instrument  sensitivity  as  desired 
(see  Figure  2).  The  top  view  of  the  instrument  (Figure  3)  shows 
the  relative  positions  of  Ri  and  R3.  For  operation  at  a  given 
maximum  sensitivity,  either  the  plate  resistance,  Rs,  or  the  anode 
grid  resistance,  R2,  may  be  fixed.  S3  and  R3  are  included  in  order 
that  the  microammeter  may  be  used  for  balancing  the  bridge. 

Stadie,  O’Brien,  and  Laug  (30)  point  out  the  desirability  of 
increasing  the  capacity  of  the  control  grid  by  connecting  to  it  a 
suitable  grounded  condenser,  C3.  This  increased  capacity  serves 
to  protect  the  grid  potential  from  momentary  changes  due  to  the 
opening  of  switch  S3.  In  order  to  prevent  leakage  currents,  this 
condenser  must  have  a  resistance  at  least  as 
high  as  the  internal  resistance  of  the  control 
grid.  To  reduce  leakage  further  it  is  necessary 
to  construct  St  and  the  input  jack  in  the  grid  lead 
with  a  high  degree  of  insulation  from  ground. 

Many  suitable  switch  designs  have  been  published 
(6, 13,  28,  30).  The  authors  have  found  that  glass 
tubing  makes  satisfactory  stand-off  insulators 
for  this  purpose.  These  can  be  fastened  to  the 
chassis  by  means  of  a  short  bolt  and  de  Khotinsky 
cement.  The  jack  in  the  grid  circuit  was  designed 
to  take  the  Beckman  glass  electrode  fittings. 

The  electrometer  tube  is  shielded  by  means  of  a 
glass  cylinder  fitted  over  the  tube  base  and 
covered  with  a  metal  cap  connected  to  ground. 

The  shielded  lead  to  the  grid  of  the  electrometer 
tube  passes  through  this  metal  cap  (Figure  3). 

The  surface  of  the  1A7GT  and  the  glass  cylinder 
are  covered  with  paraffin  to  prevent  leakage  of 
surface  currents.  The  control  grid  lead  is  the  only 
part  of  the  circuit  where  extraordinary  care  with 
regard  to  insulation  need  be  taken. 

In  the  second  stage  there  are  two  necessary 
controls.  One  of  these,  Rt,  varies  the  over-all 
sensitivity  by  shunting  the  microammeter. 

A  value  of  Rt  equal  to  about  15  times  the  meter 
resistance  gives  a  good  spread  of  the  sensitivity 
control  with  only  6  per  cent  reduction  in 


maximum  sensitivity  due  to  shunting.  This  reduction  can  also 
be  eliminated  if  contact  is  broken  at  the  extreme  end  of  the  shunt. 
Coating  the  end  of  the  contact  surface  with  an  insulating 
material  is  a  convenient  way  to  do  this.  The  other  control, 
R3,  is  in  the  widely  used  D-battery  circuit  ( 9 ,  26),  which  ds 
composed  of  R3  and  Rfl  and  the  6-volt  filament  battery.  For 
a  given  setting  of  f?6  a  fixed  amount  of  plate  current  is  by¬ 
passed  around  the  meter,  thus  allowing  the  use  of  a  more  sensi¬ 
tive  meter.  The  resistance  of  both  Rb  and  R6  should  be  kept  high 
to  reduce  battery  drain  and  to  increase  the  by-passing  range. 
Under  these  conditions,  a  small  rotation  of  R3  causes  a  large 
change  in  the  amount  of  current  by-passed.  For  ease  of  control 
a  vernier  is  desirable.  An  ordinary  planetary  control  with  a  5  to  1 
ratio  has  been  found  satisfactory.  The  combination  of  the  fila¬ 
ment  and  D-batteries  is  a  commonly  used  method  of  stabilizing 
the  circuit  against  changes  in  battery  voltages  (16,  19,  25,  31). 

The  entire  instrument  with  all  batteries  is  enclosed  in  a  7  X 
8  X  10  inch  metal  cabinet.  Figures  3  and  4  show  the  panel  layout 
and  some  details  of  the  internal  arrangement. 

Operation  and  Adjustment 

The  preliminary  steps  in  the  operation  of  the  instrument  are: 
(1)  St  is  opened  (position  2,  Figure  1);  (2)  St  and  St  are  closed  by 
rotating  R6  and  the  rotation  is  continued  to  about  the  center  of 
the  range;  (3)  S3  is  closed  by  rotating  Rt. 

In  the  preliminary  adjustment  of  the  instrument  it  is  necessary 
at  this  point  to  balance  the  bridge  by  varying  R2  or  R3.  At  least 
an  hour  should  be  allowed  for  the  electrometer  tube  to  reach 
equilibrium  before  this  adjustment  is  made.  Switch  St  is  opened 
and  then  the  microammeter  in  the  second  stage  is  temporarily 
connected  across  the  bridge  by  closing  S3.  The  plate  resistance, 
R3,  is  fixed  at  a  convenient  value  and  the  anode  grid  resistance, 
Ri,  is  adjusted  until  the  current  through  the  meter  is  zero.  This 
adjustment  need  only  be  checked  occasionally  after  the  tube  has 
sufficiently  aged.  When  the  adjustment  has  been  made  the 
meter  is  again  switched  back  into  the  second  stage. 

Finally,  the  free-grid  potential  is  located  as  follows:  (1)  With 
the  sensitivity  considerably  reduced,  St  is  connected  to  the  in¬ 
ternal  biasing  battery  (position  1,  Figure  1).  (2)  The  bias  is 

adjusted  by  rotating  until  the  meter  gives  the  same  reading  as 
with  the  grid  floating.  The  sensitivity  is  now  increased  and  R\ 
further  adjusted  until  no  drift  or  deflection  occurs  in  the  meter  on 
opening  and  closing  St  to  the  internal  bias.  The  needle  is  always 
kept  on  the  scale  by  means  of  Ra. 

With  these  preliminary  adjustments  completed,  the  instrument 
is  ready  for  use.  The  subsequent  procedure  depends  on  the  type 
of  measurement  to  be  made. 

For  potentiometric  titrations  with  low-resistance  electrodes 
the  connection  of  the  electrodes  is  immaterial.  The  initial  elec¬ 
trode  potential  is  set  to  the  free  grid  with  the  biasing  control. 
The  needle  is  set  either  to  the  upper  or  lower  end  of  the  meter 
scale  with  the  D-battery  control,  depending  upon  the  direction 
of  voltage  change  expected  during  the  titration.  The  circuit  is  so 
connected  that  the  microammeter  needle  is  deflected  downscale 
as  the  control  grid  becomes  more  negative. 

When  high-resistance  electrodes  such  as  the  glass  electrode  are 
used,  they  are  always  connected  to  the  grid  lead,  since  one  side 


Figure  3.  Top  View  of  Voltmeter,  Showing  Tube  Compartment 
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Figure  4.  Front  View  of  Voltmeter 


of  any  high-resistance  circuit  must  be  highly  shielded  and  common 
practice  is  to  shield  the  glass  electrode  lead.  The  starting  posi¬ 
tion  of  the  titration  will  then  depend  on  whether  this  electrode  is 
to  become  more  positive  or  more  negative.  In  order  to  keep  the 
grid  current  low  it  is  desirable  to  keep  the  grid  potential  within  a 
certain  range  relative  to  free  grid,  determined  by  the  grid  current 
characteristics  of  the  particular  tube  used.  To  stay  within  this 
range  during  a  titration,  the  needle  is  reset  with  the  bias  control 
as  it  approaches  the  end  of  the  meter  scale.  This  allows  the  use 
of  maximum  sensitivity,  if  desired,  over  a  voltage  range  more 
than  equivalent  to  14  pH  units. 

If  it  is  desired  to  use  the  instrument  as  a  null-point  indicator, 
it  is  necessary  simply  to  adjust  the  grid  potential  with  the  biasing 
control  to  the  free  grid  potential  for  zero  input  voltage  and  to 
balance  out  the  electrode  potential  with  a  precision  potenti¬ 
ometer  inserted  in  the  low-resistance  lead. 

Operating  Characteristics 

The  grid  current  of  the  electrometer  tube  must  be  kept  low 
for  two  reasons:  to  ensure  an  accurate  voltage  response  and 
to  prevent  appreciable  polarization  in  the  electrode  system 
(2).  The  first  of  these  is  important  only  in  measuring  circuits 
employing  high-resistance  electrodes.  For  a  given  accuracy 
of  voltage  measurment  the  grid  current  becomes  the  factor 
which  limits  the  resistance  of  the  electrodes  that  can  be  used. 

The  prevention  of  polarization  is  important  for  all  electrode 
systems.  According  to  Muller  (20)  the  limiting  current  de¬ 
pends  upon  the  type  of  cell  and  the  time  of  current  flow.  In 
glass  electrode  systems,  Morton  (19)  has  said  that  currents  of 
10-10  to  10-9  ampere  do  not  cause  appreciable  polarization. 
Robertson  (27)  found  in  working  with  electrodes  of  2-  to  3- 
megohm  resistance  that  more  than  6  X  10“9  ampere  was  re¬ 
quired  to  give  measurable  polarization  in  one  minute.  As 
Figure  5  shows,  grid  currents  of  10~10  ampere  are  never 
reached  in  the  voltage  range  recommended  for  the  operation  of 
this  instrument.  As  an  additional  check  with  the  present 
instrument  the  following  experiment  was  performed: 

With  a  potentiometer  connected  in  the  EMF  circuit,  the  poten¬ 
tial  of  a  glass  electrode  (300-megohm  resistance)-calomel  cell  in  a 
buffer  solution  was  determined.  The  potential  was  then  adjusted 
to  —0.2  volt  with  respect  to  free  grid.  The  potential  of  the  cell 
as  indicated  by  the  meter  reading  showed  no  change  in  30  min¬ 
utes  when  corrected  for  the  instrument  drift.  The  electrodes  were 
then  disconnected  for  5  minutes.  When  reconnected,  they  gave 


the  same  potential  as  originally  measured  by  null-point  determi¬ 
nation.  The  current  flowing  through  the  cell  was  about  3  X  10-u 
ampere.  Subsequent  work  with  the  same  glass  electrode  has 
shown  that  no  measurable  polarization  occurs  when  titrations 
requiring  several  hours  for  completion  are  carried  out  by  the 
recommended  procedure. 

The  advantages  of  working  at  the  free  grid  potential  have 
been  thoroughly  discussed  by  Nottingham  (21)  and  Ras¬ 
mussen  (26).  According  to  these  authors,  the  gird  current  at 
the  free  grid  is  theoretically  zero.  On  the  positive  side  of  the 
free  grid,  the  current  increases  sharply,  owing  to  an  electron 
flow  to  the  grid.  On  the  negative  side  of  the  free  grid,  the 
current  flow  is  in  the  opposite  direction.  According  to  Met¬ 
calf  and  Thompson  (17),  the  principal  causes  of  this  “posi¬ 
tive”  current  are:  (1)  ionization  of  residual  gas,  (2)  positive 
ions  emitted  by  the  filament,  (3)  thermionic  grid  emission  due 
to  heating  of  the  grid  by  the  filament  power,  (4)  photoelectric 
grid  emission  due  to  both  visible  light  from  the  filament  and 
x-rays  produced  by  the  anode  current,  and  (5)  insulation  leak¬ 
ages. 

By  the  use  of  a  high  order  of  insulation  in  the  grid  lead 
(special  input  jack  and  leads,  highly  insulated  switch  <S4, 
tested  condenser,  paraffined  tube  surface,  and  desiccant) 
leakage  currents  have  been  minimized.  The  presence  of  one 
negatively  charged  grid  and  two  positively  charged  ones  be¬ 
tween  the  filament  and  control  grid  will  aid  in  screening  the 
latter  against  positive  ions  emitted  by  the  filament.  The  ex¬ 
tremely  low  filament  power  of  the  1A7G  tube  (0.08  watt  as 
compared  with  the  0.2  to  0.5  watt  given  as  average  for  elec¬ 
trometer  tubes,  8)  should  make  the  thermionic  and  photoelec¬ 
tric  grid  emissions  small  for  this  tube.  Attempts  to  lower 
the  plate  and  anode  grid  voltages  and  thus  reduce  gas  ioniza¬ 
tion  and  x-ray  emission  resulted  in  drastic  loss  of  sensitivity. 
Sacrifice  of  sensitivity  was  not  deemed  advisable,  since  the 
grid  current  was  already  low  enough  for  most  measurements. 

Figure  5  shows  the  grid  current  characteristics  for  three 
1A7GT  tubes,  all  of  which  were  considered  satisfactory  for  use 
in  the  voltmeter.  Out  of  a  total  of  eight  1A7GT  tubes  tested, 
six  Sylvania  and  two  Ken-Rad,  only  three  tubes  were  found  to 
be  suitable  for  use;  two  of  these  were  Sylvanias  and  one  was  a 
Ken-Rad.  The  other  tubes  in  general  had  a  very  high 
blg/dE,  so  that  high  currents  were  found  very  near  the  free 
grid  potential.  Because  of  this  variability  in  tubes  it  is  neces¬ 
sary  to  make  selection  of  the  tubes  with  the  instrument  itself. 
The  disadvantage  of  having  to  select  the  tubes  is  one  com¬ 
monly  encountered  in  tubes  not  specially  designed  for  use  in 
electrometers.  Satisfactory  tubes  are  selected  by  measuring 
the  current  at  the  free  grid  potential  and  at  suitable  voltage 
intervals  on  either  side  of  the  potential  by  observing  the  meter 
deflection  with  and  without  a  5000-megohm  resistance  in  the 
grid  circuit.  From  the  voltage  sensitivity  and  the  deflection 
difference  the  current  is  computed  by  Ohm’s  law. 

The  grid  current  characteristics  of  these  tubes  appear  to  be 
a  function  of  the  bridge  balance.  Tubes  which  balance  at 
approximately  equal  plate  and  anode  grid  resistances  have 
high  grid  currents,  whereas  tubes  having  a  high  plate  resist¬ 
ance  (low  plate  current)  have  a  much  lower  grid  current. 
This  current  would  therefore  appear  to  be  intimately  related 
to  the  amount  of  plate  current,  a  not  unexpected  result,  when 
we  consider  the  sources  of  grid  currents  discussed  above. 
Unfortunately,  the  conditions  for  the  highest  sensitivity  cor¬ 
respond  to  those  where  the  highest  grid  currents  are  found. 
The  free  grid  current  for  the  tubes  found  to  be  suitable  was 
less  than  3  X  10-13  ampere  within  the  limit  to  which  the  free 
grid  potential  could  be  located  by  the  procedure  described. 
With  the  unsatisfactory  tubes  it  was  not  possible  to  approach 
the  free  grid  potential  close  enough  to  secure  as  low  a  current. 
The  grid  currents  found  make  the  instrument  unsuitable  for 
use  with  circuits  having  a  higher  resistance  than  30  megohms 
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if  an  accurate  voltage  response  of  1  millivolt  is  desired  over  the 
operating  range  indicated  or  with  a  higher  resistance  than  300 
megohms  if  an  accuracy  of  0.1  millivolt  is  desired  for  null- 
point  measurement.  This  would  obviate  its  use  in  mass 
spectrometers  or  phototube  outfits  where  the  resistance  is 
109  to  1010  ohms.  However,  excellent  glass  electrodes  rang¬ 
ing  in  resistance  from  2  to  30  megohms  may  be  purchased 
commercially  or  constructed  by  the  experimenter  (5,  27). 

The  foregoing  remarks  apply  to  the  instrument  as  con¬ 
structed.  Figure  2  shows  that  increasing  the  bridge  resistance 
causes  a  proportional  increase  in  sensitivity  and  decrease  in 
range  of  linear  response.  When  used  as  a  null-point  indicator 
or  a  short-range  voltage  indicator  in  connection  with  a  po¬ 
tentiometer  this  would  be  no  disadvantage. 

The  choice  of  meter  used  with  the  instrument  would  depend 
on  the  use  for  which  it  is  intended.  For  null-point  detection 
a  0-50  microammeter  or  galvanometer  could  be  used.  As  a 
titrimeter  a  0-500  microammeter  is  satisfactory.  Both  a 
0-100  and  a  0-500  microammeter  have  been  used  in  the  pres¬ 
ent  instrument  with  excellent  results.  Random  fluctuations 
in  the  meter  readings  have  not  been  observed.  When  dry  cells 
are  used  for  the  filament  supply  there  is  a  drift  which  decreases 
to  less  than  1  microampere  per  minute  after  the  instrument 
has  been  turned  on  for  about  2  hours.  The  authors  recom¬ 
mend  the  use  of  storage  cells  for  the  filament  supplies  where 
practicable,  as  the  meter  drift  is  reduced  tenfold  by  this  prac¬ 
tice.  In  all  the  measurements  reported  in  this  paper  storage 
batteries  were  used.  Many  experimenters  have  been  success¬ 
ful  in  minimizing  drift  by  various  methods  of  internal  com¬ 
pensation  (1,  8,  7,  23).  However,  rate  of  drift  of  the  present 
instrument  remains  relatively  unchanged  in  spite  of  attempts 
of  the  authors  to  make  use  of  such  compensation  methods. 

An  attempt  also  was  made  to  construct  a  simple  alternating 
current  power  supply  to  replace  the  batteries  and  thus  elim¬ 
inate  the  drift  effects.  When  voltage  regulator  tubes  of  the 


Figure  5.  Variation  of  Grid  Current  with  In¬ 
put  Voltage  for  Three  Satisfactory  Tubes 


glow-discharge  type  were  used,  it  was  found,  however,  that 
the  power  delivered  could  not  be  controlled  within  the  ex¬ 
tremely  small  limits  necessary  for  complete  stability.  More 
complicated  regulating  circuits,  such  as  those  of  Working 
(34),  would  probably  be  satisfactory  if  they  could  deliver 
sufficient  current. 

Summary 

This  article  describes  a  thermionic  voltmeter  suitable  for  a 
wide  range  of  laboratory  measurements  in  both  high-  and 
low-resistance  circuits. 

A  description  of  the  circuit,  its  characteristics,  and  opera¬ 
tion  is  given  and  the  following  uses  are  indicated:  (1)  as  a 
direct,  continuous-reading  titrimeter  for  glass  electrode  sys¬ 
tems,  (2)  as  a  direct  continuous-reading  titrimeter  for  low- 
resistance  electrodes,  and  (3)  as  a  null-point  indicator  in  con¬ 
nection  with  a  potentiometer.  The  instrument  has  proved 
very  satisfactory  in  actual  operation  over  a  period  of  several 
months  in  each  of  these  applications.  Further  applications 
such  as  the  measurement  of  photocell  currents,  etc.,  in  cir¬ 
cuits  of  moderately  high  resistance  are  indicated. 

The  total  cost  of  the  materials  used  in  the  instrument  less 
batteries  was  about  $25.  The  particular  batteries  used  cost 
$5.  The  low  current  drain  ensures  long  life  for  these  batteries. 
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Simple  Automatic  and  Recording  Balance 

N.  W .  MULLER  AND  R.  E.  PECK,  Illinois  Institute  of  Technology,  Chicago,  Ill. 


The  paper  describes  the  design,  construc¬ 
tion,  and  operating  characteristics  of  a 
simple,  rugged,  automatic  recording  bal¬ 
ance,  which  may  be  constructed  in  the  av¬ 
erage  laboratory  workshop.  The  instru¬ 
ment  is  suitable  for  most  of  the  chemical 
engineering  laboratory  operations  where  a 
continuous  record  of  sample  weight  is  de¬ 
sired  over  long  periods. 

THE  authors  were  faced  with  the  problem  of  continuously 
weighing  a  sample  of  approximately  1  kg.  during  a  drying 
test  covering  one  day  or  more.  The  reduction  in  sample 
weight  in  most  cases  was  about  0.5  kg.  This  indicated  that  a 
sensitivity  of  0.1  gram  would  be  sufficient  and  would  lead  to 
results  accurate  to  0.5  per  cent  with  the  sample  weight  vary¬ 
ing  as  little  as  20  grams. 

Numerous  balances  are  described  in  the  literature  (1-5). 
These  are  rather  complex  and  expensive,  but  are  reported  to 
be  extremely  precise  over  a  narrow  range  of  weight.  The 
range  may  be  extended  by  the  addition  of  counterweights 
but  for  the  purpose  in  mind  this  would  result  in  constant 
attendance.  For  the  most  part,  the  instruments  described 
are  not  easily  built  in  the  average  laboratory  workshop  by 
the  student  or  mechanic  available.  It  was  therefore  decided 
to  design  and  construct  an  instrument  which  would  be  rugged, 
cover  a  wide  range  of  weight  (1  kg.),  and  still  have  a  sensi¬ 
tivity  of  0.1  gram. 

In  view  of  the  desired  sensitivity,  compensating  devices 
such  as  those  employed  by  Muller  and  Garman  (3)  and  Ewald 
(2)  were  dispensed  with  and  the  balance  was  greatly  simpli¬ 
fied.  The  instrument  maintains  the  balance  arm  at  equilib¬ 


rium  by  reeling  in  or  playing  out  sufficient  chain  to  counteract 
changes  in  sample  weight.  The  chain  mechanism  is  actu¬ 
ated  by  an  energized  pointer  which  is  located  above  the  knife 
edges  on  the  balance  beam.  The  pointer  makes  contact  with 
either  of  two  adjustable  plates  set  0.5  cm.  apart,  which  in 
turn  are  connected  to  relays  operating  the  clockwise  and  coun¬ 
terclockwise  circuits  of  a  small  motor.  The  recording  mech¬ 
anism  is  integral  with  the  chain  reel  and  a  moving  pen  follows 
changes  in  weight  continuously. 

Balance  and  Recorder 

The  balance  is  mounted  in  the  wall  of  the  dryer  and  the  com¬ 
pensating  and  recording  mechanism  is  placed  in  such  a  position 
that  the  chain  describes  a  smooth  catenary  curve  between  the 
end  of  the  balance  arm  and  the  chain  reel.  Figure  1  illustrates 
the  assembled  apparatus.  The  sample  is  suspended  from  the  end 
of  the  balance  arm  inside  the  dryer,  the  chain  being  attached  to 
the  other  end  of  the  arm  outside  the  dryer.  The  balance  arm  is 
maintained  at  equilibrium  by  the  addition  to,  or  removal  of, 
the  chain  from  a  reel  operated  by  a  small  (1.5  kg. -cm.,  or  20 
ounce-inch)  reversible,  110-volt,  alternating  current  motor  of 
the  shaded  pole  type. 

The  actuating  circuit  diagram  is  shown  in  Figure  2.  The  bal¬ 
ance  arm  pointer  is  energized  by  connecting  one  pole  of  a  45-volt, 
dry  cell  battery  to  the  top  of  one  of  the  steel  knife  edges  by  a 
fine  copper  wire.  A  condenser  is  placed  in  parallel  with  the 
pointer  to  reduce  sparking  at  the  contacts.  A  slight  change  in 
weight  causes  the  pointer  to  touch  one  of  the  contact  plates 
which  operates  the  relays  energizing  the  clockwise  or  counter¬ 
clockwise  circuits  of  the  motor.  The  contact  plates  are  insulated 
from  the  supporting  frame  by  thin  sheets  of  Bakelite  paper. 

The  motor  is  coupled  to  the  shaft  through  a  gear  train  which 
reduces  the  motor  speed  from  3600  to  1  r.  p.  m.  at  the  shaft. 
Friction  is  reduced  by  mounting  the  shaft  on  ball  bearings  set  in 
Bakelite  supports.  The  recording  drum  and  chain  reel  are 
mounted  on  the  shaft  by  suitable  setscrews  and  can  be  removed 
and  changed  with  ease.  This  affords  a  wide  variety  of  chain 
speeds  and  chart  sizes. 

The  recording  pen  is  drawn  across  the  drum  at  a  uniform  rate 
by  a  silk  thread  which  passes  over  a  pulley  attached  to  the  hour 


Figure  1.  Assembled  Apparatus 
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Figure  3.  Calibration  Curves  of  Weight  against  Scale 

Divisions 


hand  of  an  ordinary  alarm  clock.  In  order  that  the  thread  may 
be  maintained  in  tension  at  all  times,  it  is  connected  to  the  pen 
carriage  by  means  of  a  small  spring. 

Inaccuracies  in  winding  a  chain  of  large  size  on  the  reel  are 
removed  by  attaching  a  short  length  of  silk  thread  to  the  end  of 
chain  and  winding  only  the  thread.  This  ensures  uniform  re¬ 
moval  of  the  chain  weight  from  the  balance  arm  as  the  drum 
rotates. 


beam,  and  the  compensator  is  adding  or  re¬ 
moving  sufficient  chain  to  keep  up  with 
changes  in  sample  weight. 

The  size  of  chain  and  drum  is  chosen  so 
that  each  gram  of  sample  weight  corresponds 
in  magnitude  to  a  large  scale  division  on  the 
recording  paper.  The  recording  pen  is  moved 
across  the  paper  at  a  rate  which  permits  each 
large  scale  division  of  the  paper  to  represent 
15  minutes.  This  -makes  it  easy  to  convert 
the  indicated  readings  to  terms  of  time  and 
weight.  By  marking  the  position  of  the  chain 
at  a  known  weight,  and  setting  the  chain  in 
the  same  position  at  the  start  of  all  weighings, 
the  scale  divisions  of  the  resultant  graph  are 
made  to  take  on  absolute  values. 

The  balance  was  calibrated  against  a 
standard  set  of  analytical  weights.  The  cali¬ 
bration  curve  of  scale  divisions  against 
weight  in  grams  is  found  to  be  a  straight-line  relationship 
over  the  desired  range  (Figure  3),  provided  that  there  are 
3  or  more  feet  of  free  chain  hanging  between  the  reel  and 
balance  arm.  A  plot  of  weight  in  grams  against  time  indi¬ 
cates  the  desired  sensitivity  (Figure  4).  The  curves  indicate 
that  changes  in  weight  of  less  than  0.1  gram  are  recorded  by 
the  instrument,  but  these  were  found  to  be  unreliable,  in  that 
subsequent  addition  and  removal  of  less  than  0.1  gram  did 
not  result  in  uniform  readings  in  all  cases.  With  a  chain 


Figure  4.  Change  in  Weight  Plotted 
against  Time  Required  to  Reach  Equi¬ 
librium 


Operational  Characteristics 

The  precision  attained  by  the  instrument  depends  upon  the 
choice  of  chain,  size  of  recording  drum,  efficiency  of  the  con¬ 
tact  system,  and  sensitivity  of  the  balance  itself.  A  large 
drum  and  a  small  chain  cause  slight  changes  in  weight  to  be¬ 
come  appreciable  in  terms  of  the  weight-time  curve  produced 
by  the  moving  pen.  The  sensitivity  is  then  dependent  upon 
the  efficiency  of  the  activating  contacts  and  the  balance  arm 
itself.  It  has  been  found  unnecessary  in  this  case  to  attain  a 
sensitivity  of  better  than  0.1  gram  over  a  range  of  1  kg. 
These  limits  were  found  to  be  within  the  over-all  sensitivity 
range  of  the  contact  system  and  balance  arm.  The  range  of 
weight  possible  is  limited  to  the  available  headroom  for  a 
chain  of  any  particular  size. 

Hunting  is  reduced  almost  to  the  point  of  imperceptibility 
by  proper  setting  of  the  screw  adjustment  of  the  variable  con¬ 
tact  plates.  A  slight  amount  of  hunting  is  desirable,  for  it 
indicates  that  the  weighing  is  not  being  made  on  a  static 


Figure  5.  Typical  Weight-Time  Curves  Taken  during  9- 
Hour  Drying  Test  Run 
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Table  I.  Cost  of  Construction  and  Material  Specifica¬ 
tions 


1  A.  C.,  20  ounce-inch,  reversible  motor  complete  with  reduction 

gears.  Utah  Radio  Products  Corp.,  Chicago,  Ill.,  or  equal  $3.50 

2  20  ampere  relays,  open  type.  Allied  Radio  Corp.,  Chicago,  Ill. 

Cat.  No.  107,  p.  150,  No.  75-600  type,  PRA-1  SPST,  or  equal  4.50 

1  2  X  0.25  inch  recording  pen.  Leeds  &  Northrup.  Micromax 

recording  pen  or  equal  2.00 

2  0.5  X  0.5  X  1.5  inch  ball  bearings.  Boston  Gear  Works,  Bos¬ 
ton,  Mass.,  or  equal  0.75 

1  0.5  X  3  inch  mild  steel  rod,  round,  hot  rolled  0.35 

1  3  X  24  inch  brass  tube,  seamless.  Crane  Co.,  Chicago,  Ill.  1.50 

2  5-inch  gear  blanks,  aluminum  (salvage  from  miscellaneous  shop 

junk)  1.60 

1  1  X  6  X  12  inch  Bakelite  board.  Allied  Radio  Corp.,  Chicago, 

Ill.,  or  equal  0.75 

4  Assorted  chains  10  feet  each  in  weights  of  approximately  50, 100, 

200,  and  500  grams  per  foot  0.81 

1  Burgess  45-volt,  dry  cell  battery  with  plug.  Allied  Radio  Corp., 

Chicago,  Ill. ,  or  equal  1 . 98 

Miscellaneous  wire,  screws,  etc.  0 . 50 


$18.24 


weighing  200  grams  per  foot  and  a  chain  reel  1.9  cm.  (0.75 
inch)  in  diameter,  the  mechanism  is  sensitive  to  0.1  gram 
over  a  range  of  1100  grams. 

Large  ranges  of  weighings  will  cause  the  drum  to  make  more 
than  one  revolution  during  the  experiment.  This  is  often  the 
case  when  a  light-weight  chain  is  used.  The  record  can  either 
be  cut  into  sections  and  glued  together  to  give  one  long,  con¬ 
tinuous  curve,  or  the  points  of  the  record  may  be  transcribed 
on  standard  20  X  27.5  cm.  (8X11  inch)  graph  paper.  Fig¬ 
ure  5  illustrates  some  typical  curves  transcribed  in  the 
second  manner. 

Results 

The  instrument  has  been  used  successfully  in  an  investiga¬ 
tion  of  the  drying  characteristics  of  various  slow-drying  ma¬ 


terials.  It  was  found  to  be  sensitive  to  0.1  gram  over  a  range 
of  approximately  1  kg.  when  using  a  compensating  chain 
weighing  200  grams  per  30  cm.  (1  foot).  The  accuracy  of  the 
instrument  can  be  improved  by  employing  a  chain  of  lighter 
weight  and  a  larger  chain  reel,  but  this  was  not  necessary. 
Nonuniformities  in  the  lighter  chains  necessitated  the  use  of 
a  carefully  made  calibration  curve  for  correcting  the  recorded 
weights.  The  exact  starting  position  of  the  chain  must  be 
carefully  set  before  any  accurate  weighings  can  be  made  with 
the  chain  weighing  50  grams  per  foot.  This  is  a  troublesome 
procedure  and  leads  to  many  errors.  The  authors,  therefore, 
do  not  recommend  using  a  chain  weighing  less  than  100  grams 
per  foot.  Chains  of  this  kind  always  produced  fairly  uniform 
calibration  curves. 

Cost  of  Balance 

The  cost  of  the  balance  and  accessories  is  small,  and  the 
largest  item  in  the  construction  cost  is  the  one  of  labor.  The 
materials  can  be  purchased  from  standard  dealers.  The  en¬ 
tire  unit  cost  was  $70.00,  of  which  labor  is  approximately 
70  per  cent  (Table  I). 
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The  Dip  Coater 

An  Instrument  for  Making  Uniform  Films  by  the  Dip  Method 

HENRY  FLEMING  PAYNE,  American  Cyanamid  Company,  Stamford,  Conn. 


IT  HAS  long  been  recognized  that  uniformity  in  thickness 
of  a  film  of  surface  coating  is  one  of  the  essential  requisites 
for  accurate  evaluation  of  the  film  properties.  The  ability  to 
reproduce  uniform  films  of  any  thickness  in  the  normal  thick¬ 
ness  range  is  also  desirable.  It  has  been  shown  ( 6 )  that  mechan¬ 
ical  methods  are  necessary  for  this,  because  uniform  films 
cannot  be  reproduced  consistently  by  hand  operation  of  any 
of  the  regular  application  methods. 

Arlt  ( 1 )  describes  an  automatic  spraying  apparatus  and 
Dunn  and  Baier  (3)  describe  the  automatic  doctor  blade. 
The  spinning  disk  method  was  used  by  Haslam  (5),  Sander¬ 
son  (7),  and  Scofield  ( 8 ).  Dipping  machines  have  been  de¬ 
veloped  by  Bruins  (3)  and  the  New  York  Paint  and  Varnish 
Production  Club  ( 6 ) .  A  general  survey  of  the  various  meth¬ 
ods  is  given  by  Gardner  (4). 

The  object  of  the  present  work  was  to  develop  a  simple  but 
reliable  dipping  method  which  could  be  produced  commer¬ 
cially  and,  therefore,  made  available  to  the  surface  coating 
industry  as  a  standard  method.  Several  types  of  apparatus 
were  investigated  to  eliminate,  if  possible,  the  use  of  a  motor. 

Apparatus 

The  rate  of  fall  of  an  object  in  media  of  different  viscosities 
will  vary  with  viscosity,  and  this  may  be  used  with  suitable 


attachments  to  withdraw  a  panel  at  the  different  rates  from  a 
container  of  surface  coating.  Considerable  difficulty  was  en¬ 
countered  in  maintaining  a  uniform  rate  and  reproducing  re¬ 
sults  because  of  the  relatively  slow  motion  which  was  required. 

An  apparatus  was  constructed  in  which  the  container  of  surface 
coating  was  supported  on  a  plunger  which  could  be  raised  and 
lowered  in  a  cylinder  in  which  liquids  of  different  viscosities  were 
put.  A  definite  improvement  in  this  apparatus  was  made  by 
installing  a  by-pass  tube  from  the  bottom  to  the  top  of  the  cylin¬ 
der.  The  plunger  had  several  holes  in  the  disk,  through  which 
the  liquid  in  the  cylinder  could  flow  freely  when  the  plunger  was 
raised,  but  the  holes  were  automatically  covered  by  a  supple¬ 
mentary  leather  disk  when  the  plunger  began  to  lower.  The  rate 
of  lowering  of  the  plunger  was  then  controlled  by  adjustment  of 
a  needle  valve  installed  in  the  by-pass  tube,  controlling  the  rate 
of  flow  of  the  liquid  from  the  bottom  to  the  top  of  the  cylinder. 
A  low-viscosity  liquid  could  then  be  used,  such  as  kerosene,  the 
viscosity  of  which  is  not  affected  seriously  by  normal  changes 
in  room  temperature.  At  the  low  speeds  required  (2  to  4  inches 
per  minute),  considerable  leakage  developed  between  the  leather 
and  metal  disks,  so  that  a  given  speed  could  not  be  reproduced 
by  a  definite  setting  of  the  needle  valve.  This  method  would  be 
satisfactory  if  metal  check  valves  were  used  in  the  plunger  disk, 
and  the  plunger  and  side  walls  of  the  cylinder  machined  with 
extreme  accuracy. 

An  apparatus  was  then  constructed  similar  to  that  shown  in 
Figure  1,  but  using  a  clock  motor.  A  set  of  Boston  sprockets 
(Boston  Gear  Co.)  was  used  to  vary  the  speed  with  the  standard 
chain  drive.  This  type  of  motor  has  low  power,  but  by  hanging  a 
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Figure  1.  Diagram  of  Apparatus 
for  Making  Uniform  Films 
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counterweight  on  the  opposite  end  of  the  chain  from  the  panel, 
practically  any  size  of  panel  or  number  of  panels  could  be  used. 
This  apparatus  gave  excellent  speed  control  and  appeared  to  be 
entirely  satisfactory,  but  on  close  examination  of  the  coated 
panels,  a  horizontal  striation  was  found  in  the  coating.  This 
was  caused  by  a  slight  amount  of  lost  motion  in  the  gear  reducer 
of  the  motor.  It  was  not  due  to  the  sprockets  and  chain,  because 
when  they  were  replaced  with  drum  and  fish  line,  the  same 
striation  was  observed.  Replacement  of  the  clock  motor  with 
a  Bodine  KYC-22RC  (Bodine  Electric  Co.,  Chicago,  Ill.)  gave 
results  which  were  entirely  satisfactory.  A  set  of  drums  was 
made  to  give  withdrawal  speeds  of  2,  3,  4,  6,  8,  and  12  inches  per 


Figure  2 


Figure  3 
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Figure  4.  Variation  of  Film  Thickness  of  Enamels  with  Viscosity  and  Rate  of  Withdrawal 


minute.  A  fish  line  was  given  two  complete  winds  around  the 
drum  with  a  counterweight  hung  on  one  end  and  the  panel  on 
the  other  end,  as  shown  in  Figures  1  and  2.  The  details  of  con¬ 
struction  of  the  apparatus  are  shown,  but  arrangements  have  been 
made  with  the  Fisher  Scientific  Co.  for  the  commercial  production 
of  a  similar  machine,  so  that  it  will  be  available  to  those  not  wish¬ 
ing  to  build  it. 

Coating  Materials 

A  series  of  four  standard  white  baking  enamels  (enamels 
1  to  4,  inclusive)  was  made  to  determine  the  rate  of  with¬ 
drawal  necessary  for  uniform  thickness  films  and  also  the  film 
thickness  obtained  with  variation  of  viscosity  of  the  coating 
material.  The  viscosity  was  measured  as  seconds  required 
to  flow  from  a  No.  4  Ford  cup  at  78°  F.  in  the  standard 
manner.  The  materials  varied  considerably  in  ability  to 
flow,  rate  of  setup,  and  composition;  but  the  data  showed 


clearly  that  withdrawal  rates  of  2,  3,  and  4  inches  per  minute 
gave  films  of  uniform  thickness,  and  the  faster  rates  (6,  8, 
and  12  inches  per  minute)  were  unsatisfactory.  Subsequent 
work  was,  therefore,  confined  to  the  slower  rates,  but  in  most 
cases  a  hand-dipped  panel  was  included  for  comparison. 

The  olive  drab  lusterless  finish  and  the  two  primers,  A  and 
B,  were  used  to  show  the  variation  which  may  be  expected 
from  materials  containing  a  higher  ratio  of  pigment  to  vehicle 
solids  than  that  in  the  enamels. 

Clear  coatings  1  and  2  are  the  same  as  the  vehicles  in  en¬ 
amels  1  and  2  to  illustrate  the  effect  of  pigmentation.  Clears 
3  and  4  are  typical  varnishes  for  comparison  with  alkyds  1 
and  2  and  nitrocellulose  lacquer  5.  Clears  1  to  5,  inclusive, 
are  air-drying  coatings,  but  Nos.  6  and  7  are  clear-baking 
metal  finishes,  such  as  are  used  on  shell  cases,  etc. 
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LENGTH  OF  PANEL  IN  INCHES 


Figure  5.  Variation  of  Film  Thickness  of  Olive  Figure  6.  Variation  of  Film  Thickness  of  Primers 
Drab  Lusterless  with  Viscosity  and  Rate  of  With-  with  Viscosity  and  Rate  of  Withdrawal 

drawal 


Table  I.  Coating  Compositions 


Drying  Schedules  for  Coatings.  The  films  were  dried  under 
following  conditions  before  making  film  thickness  measurements : 


Pigment 
Vehicles 
Enamel  1 
Enamel  2 
Enamel  3 
Enamel  4 


White  Enamels 
Titanium  dioxide  100% 

Rezyl  412-1“ 

Rezyl  330-5 

Rezyl  330-5,  65%;  Beetle,  227-8,  35%  6 
Rezyl  330-5,  80%;  Melmac  245-8,  20%  b 

Pigment-vehicle  solid  ratio,  1 : 1 
Solvent 

Enamel  1,  mineral  spirits 
Enamels  2,  3,  and  4,  xylene 


Olive  Drab  Lusterless 


Pigment 

Ferrite  lemon 
Medium  chrome  yellow 
Zinc  oxide 
Raven  blaok  oxide 
Asbestine  3X 
Celite  349 
Mica  270 
Vehicle 

Rezyl  7818-1, 100% 

Pigment-vehicle  solid  ratio, 
Solvent,  mineral  spirits 


%  by  Weight 
20 
10 
5 
5 
30 
25 
5 


4:1 


Primer  A 

Pigment 

Titanium  dioxide  50 

Zinc  oxide  50 

Vehicle 

Rezyl  412-1,  100% 

Pigment-vehicle  solid  ratio,  1.6: 1 
Solvent,  mineral  spirits 


Primer  B 


Pigment 


Zinc  yellow 

7 

Brown  oxide 

50 

Zinc  oxide 

3 

Celite  110 

10 

Asbestine  3X 

20 

Barytes 

10 

Vehicle 


Rezyl  7818-1,  100% 

Pigment-vehicle  solid  ratio,  2.7 : 1 
Solvent,  mineral  spirits 


0  Trade  mark,  American  Cyanamid  Co. 

*  Trade  mark,  American  Cyanamid  &  Chemioal  Corp. 


Enamels  1  and  2 
Enamels  3  and  4 
Olive  drab  lusterless 
Primer  A 
Primer  B 
Clears  1  to  5 
Clears  6  and  7 


Bake  60  minutes  at  265°  F. 

Bake  30  minutes  at  265°  F. 

Air-dry  48  hours 

Bake  60  minutes  at  325°  F. 

Air-dry  48  hours 

Air-dry  48  hours 

Bake  15  minutes  at  350°  F. 


Table  II.  Clear  Finishes 


Drier  as  %  Metal 
to  Total  Solids  Solvent 

1  Rezyl  412-1  0.04  Co  Mineral  spirits 

2  Rezyl  330-5  0 . 04  Co  Xylene 

3  12.5-gallon  varnish  0. 04  Co,  0 . 04  Zn  Mineral  spirits 

4  35-gallon  varnish  0.5  Pb,  0.1  Co  Mineral  spirits 

5  Nitrocellulose  lacquer  Solvent  10 

6  Beetle  227-8,  60%;  Beetle  592-8, 

40%  Xylene 

7  Beetle  227-8,  70%;  Rezyl  330-5, 

30%  Xylene 


Composition  of  Clears 

1  Drying  oil  modified  alkyd,  32%  phthalic  anhydride 

2  Drying  oil  modified  alkyd,  41%  phthalic  anhydride 

3  Maleic  resin,  drying  oil  varnish 
100-lb.  Teglac  Z  152“ 

8.25- gal.  oiticica  oil  (Cicoil) 

4.25- gal.  bodied  linseed  oil  (KPO-Q) 

4  Modified  phenolic  resin,  drying  oil  varnish 
100-lb.  Phenac  604  M  *> 

7-gal.  treated  fish  oil  (Celesterol) 

18-gal.  dehydrated  castor  oil  (Isoline  Z3) 

10-gal.  bodied  linseed  oil  (KPO-A) 

5  Nitrocellulose  lacquer  (parts  by  weight  on  solid  basis) 

0.5-seo.  nitrocellulose  100  Dibutylphthalate  25 
Rezyl  99-4  200  Blown  castor  oil  25 

Solvent  10  (parts  by  volume) 

Toluene  4  Butyl  acetate  2 

Ethyl  acetate  3  Butanol  1 

6  Nonoxidizing  alkyd  plasticized  urea-formaldehyde 

baking  finish 

7  Oxidizing  alkyd  plasticized  urea-formaldehyde  bak¬ 

ing  finish 

“  Trade  mark,  American  Cyanamid  Co. 
b  Trade  mark,  American  Cyanamid  &  Chemical  Corp. 

1,  2,  3,  and  4  were  heat-processed  by  standard  procedure  for  varnish 
making. 
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The  air  dry  condition  was  maintained  constant  at  78°  F.,  and 
50  per  cent  relative  humidity. 

Procedure 

All  panels  were  dipped  under  conditions  of  constant  temper¬ 
ature  and  humidity,  78°  F.,  50  per  cent  relative  humidity.  Cold- 
rolled  steel  panels  (auto  body  stock)  were  cleaned  thoroughly 
with  toluene,  and  dried  in  a  stream  of  compressed  air  free  from 
oil  or  moisture.  The  cleaned  panel  was  hung  on  a  small  wire 
hook  attached  to  the  fish  line  and  lowered  by  hand  into  the  con¬ 
tainer  of  surface  coating  to  a  depth  of  approximately  0.25  inch 
below  the  surface  of  the  coating.  The  panel  was  then  withdrawn 
by  the  dip  coater  at  a  speed  dependent  on  the  size  of  drum  used. 
The  drums  of  various  size  are  interchangeable  on  the  motor  shaft 
by  simple  adjustment  of  the  setscrew.  The  coated  panels  were 
maintained  in  a  vertical  position  and  dried  as  shown  in  the  above 
schedule. 

The  film  thickness  was  measured  by  the  dial  gage  method 


(Figure  3).  The  coated  panel  was  held  firmly  to  the  bed  plate 
at  four  points  by  a  special  clamp  shown  in  the  figure.  The  total 
thickness  (film  and  panel)  was  measured,  the  film  removed  by 
solvent,  and  the  thickness  of  the  panel  determined  without 
changing  the  position  of  the  panel  under  the  gage.  The  film 
thickness  is  the  difference  between  the  first  and  second  measure¬ 
ments.  It  is  extremely  important  that  the  panel  be  held  rigidly; 
the  clamp  was  designed  especially  for  this  work.  It  is  also  desir¬ 
able  that  any  slight  distortion  in  the  metal  panel  be  eliminated. 
This  may  be  done  by  having  a  threaded  steel  pin  with  a  slightly 
rounded  end  protrude  through  the  bed  plate  about  0.001  inch 
directly  under  the  dial  gage  spindle.  An  Ames  upright  gage  No. 
13  was  used  in  this  work.  The  film  thickness  may  be  measured 
by  any  other  method  of  sufficient  accuracy,  such  as  the  micro¬ 
scope  method  described  by  Stoppel  (5). 

The  film  thickness  was  measured  at  seven  points  along  the 
12-inch  panels  with  the  results  shown  in  Tables  III  to  VII. 
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Table  III.  Film  Thickness  of  Enamels 


Rate  of  Withdrawal,  Inches  per  Minute 

2 

3  4  6  8  12 

Inches 

Inches 

from 

from 

top 

- Film  thickness  in  mils - •. 

top 

Rate  of  Withdrawal,  Inches  per  Minute 
2  3  4  6  8  12 


Film  thickness  in  mils- 


Enamel  1 

- - Viscosity  52  seconds,  No.  4  Ford  cup,  58%  solids - > 


1.5 

0.78 

0.86 

0.96 

0.81 

0.86 

0.88 

2.5 

0.75 

0.90 

1.10 

1.10 

1.01 

1.20 

4 

0.74 

0.90 

1.14 

1.33 

1.17 

1.23 

6 

0.77 

0.93 

1.12 

1.33 

1.38 

1.41 

8 

0.77 

0.96 

1.15 

1.42 

1.55 

1.57 

10 

0.74 

0.96 

1.12 

1.50 

1.76 

1.73 

11 

0.75 

0.95 

1.13 

1.43 

1.73 

1.70 

1.5 

1.01 

1.26 

1.07 

1.05 

1.10 

1.16 

2.5 

1.05 

1.32 

1.37 

1.32 

1.30 

1.38 

4 

1.10 

1.36 

1.53 

1.42 

1.65 

1.60 

6 

1.08 

1.35 

1.57 

1.78 

1.80 

1.77 

8 

1.12 

1.31 

1.54 

2.03 

1.99 

1.90 

10 

1.13 

1.37 

1.61 

1.94 

2.06 

2.02 

11 

1.10 

1.37 

1.55 

2.01 

2.10 

2.02 

' 

uu°l  ■ 

1.5 

1.05 

1.41 

1.24 

1.21 

1.29 

1.27 

2.5 

1.11 

1.54 

1.50 

1.47 

1.43 

1.44 

4 

1.20 

1.53 

1.70 

1.63 

1.61 

1.65 

6 

1.20 

1.53 

1.65 

1.79 

1.84 

1.98 

8 

1.22 

1.52 

1.68 

1.99 

1.98 

2.06 

10 

1.17 

1.49 

1.76 

2.29 

2.10 

2.14 

11 

1.14 

1.45 

1.67 

2.35 

2.19 

2.14 

Enamel  2 

■Viscosity  51  seconds,  46.2%  solids- 


1.5 

0.73 

0.90 

1.00 

1.20 

1.23 

1.17 

2.5 

0.72 

0.93 

1.08 

1.32 

1.50 

1.42 

4 

0.75 

0.90 

1.10 

1.49 

1.80 

1.83 

6 

0.74 

0.95 

1.08 

1.50 

1.77 

2.06 

8 

0.77 

0.93 

1.02 

1.43 

1.67 

2.09 

10 

0.77 

0.94 

1.06 

1.40 

1.77 

2.13 

11 

0.72 

0.95 

1.04 

1.41 

1.67 

2.12 

1.5 

0.95 

1.28 

1.35 

1.35 

1.73 

1.42 

2.5 

0.95 

1.18 

1.32 

1.61 

1.77 

1.65 

4 

0.94 

1.23 

1.31 

1.80 

2.07 

2.00 

6 

0.90 

1.20 

1.30 

1.80 

2.09 

2.28 

8 

0.96 

1.20 

1.38 

1.87 

2.05 

2.56 

10 

0.95 

1.15 

1.36 

1.80 

2.10 

2.76 

11 

0.92 

1.18 

1.37 

1.86 

2.20 

2.70 

°  Enamel  3.  Material  flowed  on  had  practically  the  same  thickness  as 
hand  dipped  and  12  inohes  per  minute  withdrawal. 


Enamel  2  ( Con't .) 


■Viscosity  88  seconds,  47.5%  solids 


1.5 

1.08 

1.40 

1.54 

1.60 

1.82 

1.48 

2.5 

1.08 

1.38 

1.63 

1.92 

1.85 

1.70 

4 

1.15 

1.42 

1.60 

2.15 

2.20 

2.15 

6 

1.13 

1.39 

1.61 

2.16 

2.30 

2.38 

8 

1.15 

1.40 

1.60 

2.18 

2.35 

2.67 

10 

1.12 

1.42 

1.59 

2.10 

2.57 

2.82 

11 

1.12 

1.42 

1.58 

2.18 

2.47 

2.82 

Enamel  3° 

Hand 

Dipped 

Visoosity  52  seconds,  46.7%  solids - , 


1.5 

0.65 

0.85 

1.00 

1.25 

1.25 

1.14 

1.18 

2.5 

0.70 

0.85 

1.03 

1.42 

1.45 

1.64 

1.70 

4 

0.67 

0.88 

1.00 

1.50 

1.59 

1.68 

1.72 

6 

0.68 

0.88 

1.03 

1.48 

1.60 

2.00 

1.77 

8 

0.72 

0.88 

0.96 

1.53 

1.70 

2.03 

1.90 

10 

0.72 

0.91 

1.01 

1.50 

1.65 

2.10 

2.04 

11 

0.72 

0.91 

0.96 

1.40 

1.57 

2.15 

2.26 

/O  ayjn^ia 

1.5 

0.95 

1.10 

1.40 

1.47 

1.47 

1.47 

2.5 

0.98 

1.20 

1.40 

1.55 

1.85 

1.78 

4 

0.98 

1.20 

1.39 

1.70 

2.30 

1.98 

6 

0.99 

1.20 

1.42 

1.85 

2.30 

2.46 

8 

1.02 

1.16 

1.45 

1.88 

2.30 

2.50 

10 

1.01 

1.17 

1.38 

1.88 

2.35 

2.80 

11 

0.98 

1.18 

1.40 

1.86 

2.35 

2.85 

Enamel  4 

Flowed 

On 


Viscosity  52  seconds,  45.3%  solids- 


1.5 

0.70 

0.88 

1.03 

1.19 

1.20 

1.15 

1.10 

1.41 

2.5 

0.73 

0.87 

1.10 

1.27 

1.48 

1.37 

1.40 

1.55 

4 

0.74 

0.88 

1.08 

1.25 

1.56 

1.62 

1.62 

1.71 

6 

0.70 

0.88 

1.05 

1.32 

1.58 

2.00 

1.80 

2.01 

8 

0.70 

0.87 

1.04 

1.47 

1.60 

2.10 

2.01 

2.09 

10 

0.73 

0.90 

1.04 

1.58 

1.68 

2.13 

2.15 

2.17 

11 

0.73 

0.88 

1.03 

1.52 

1.65 

2.04 

2.12 

2.22 

1.5 

1.10 

1.27 

1.53 

1.55 

1.83 

1.35 

2.5 

1.09 

1.24 

1.50 

1.68 

1.90 

1.72 

4 

1.10 

1.24 

1.45 

1.83 

2.02 

1.92 

6 

1.10 

1.22 

1.45 

1.85 

2.11 

2.22 

8 

1.08 

1.25 

1.44 

1.85 

2.17 

2.51 

10 

1.10 

1.27 

1.44 

1.87 

2.29 

2.70 

11 

1.09 

1.28 

1.44 

1.87 

2.73 

2.92 

Table  IV.  Film  Thickness 


Inches  from  top 


1.5 

2.5 
4 

6 

8 

10 

11 


1.5 

2.5 
4 

6 

8 

10 

11 


1.5 

2.5 
4 

6 

8 

10 

11 


1.5 

2.5 
4 

6 

8 

10 

11 


Rate  of  Withdrawal,  2  Inches  per  Minute 


Enamel 

Primer  bare 


enamel 

Enamel 

steel0 

Diff. 

Mils 

Mils 

Mils 

Mil 

% 

2.10 

1.10 

0.65 

0.45 

69.2 

2.10 

1.10 

0.70 

0.40 

57.3 

2.08 

1.08 

0.67 

0.41 

61.2 

2.15 

1.15 

0.68 

0.47 

69.1 

2.02 

1.02 

0.72 

0.30 

41.7 

2.15 

1.15 

0.72 

0.43 

59.7 

2.07 

1.07 

0.72 

0.45 

62.5 

2.45 

1.45 

0.95 

0.50 

52.6 

2.52 

1.52 

0.98 

0.54 

55.0 

2.46 

1.46 

0.98 

0.48 

48.0 

2.47 

1.47 

0.99 

0.48 

48.5 

2.43 

1.43 

1.02 

0.41 

40.1 

2.43 

1.43 

1.01 

0.42 

41.5 

2.45 

1.45 

D.98 

0.47 

48.0 

1 

00 

0 

.84 

0 

.70  6 

0 

.14 

20 

.0 

1 

.84 

0 

.84 

0 

.73 

0 

.11 

15 

.1 

1 

.85 

0. 

.85 

0, 

.74 

0. 

.11 

14 

.9 

1 

.83 

0. 

,83 

0 

.70 

0. 

.13 

18. 

.6 

1 

.87 

0 

.87 

0 

.70 

0 

.17 

24 

.3 

1 

.86 

0 

.86 

0 

.73 

0. 

.13 

17 

.8 

1. 

.85 

0. 

,85 

0. 

.73 

0. 

12 

16. 

.5 

2 

.18 

1, 

.18 

1, 

.10 

0. 

.08 

7. 

.3 

2 

.18 

1. 

.18 

1. 

.09 

0. 

09 

8. 

.2 

2. 

.22 

1. 

,22 

1. 

.10 

0. 

12 

10. 

9 

2 

.20 

1. 

.20 

1. 

,10 

0, 

10 

10. 

.0 

2 

.20 

1. 

.20 

1. 

.08 

0. 

12 

11. 

.1 

2 

.20 

1. 

,20 

1. 

.10 

0. 

10 

10. 

.0 

2. 

.20 

1. 

20 

1. 

09 

0. 

11 

10. 

1 

Rate  of  Withdrawal,  3  Inches  per  Minute 
Enamel 

Primer  bare 


enamel 

Enamel 

steel3 

Diff. 

Mils 

Mils 

Mils 

Mil 

% 

Enamel  3  over  Primer  A 

Viscosity  52  seconds, 

primer  1.00  mil 

2.32 

1.32 

0.85 

0.47 

55.3 

2.34 

1.34 

0.85 

0.49 

57.6 

2.35 

1.35 

0.88 

0.47 

53.4 

2.38 

1.38 

0.88 

0.50 

56.9 

2.37 

1.37 

0.88 

0.49 

55.6 

2.34 

1.34 

0.91 

0.43 

47.4 

2.37 

1.37 

0.91 

0.46 

50.8 

Viscosity  80 

seconds, 

primer  1.00  mil 

2.74 

1.74 

1.10 

0.64 

58.0 

2.76 

1.76 

1.20 

0.54 

45.0 

2.79 

1.79 

1.20 

0.59 

49.1 

2.75 

1.75 

1.20 

0.55 

45.7 

2.76 

1.76 

1.16 

0.60 

51.6 

2.77 

1.77 

1.17 

0.60 

51.2 

2.80 

1.80 

1.18 

0.62 

52.5 

Enamel  4  over  Primer  A 

Viscosity  52 

seconds, 

primer  1.00  mil 

2.02 

1.02 

0.88  6 

0.14 

15.9 

2.06 

1.06 

0.87 

0.19 

21.9 

2.00 

1.00 

0.88 

0.12 

13.6 

2.02 

1.02 

0.88 

0.14 

15.9 

2.03 

1.03 

0.87 

0.16 

18.4 

2.02 

1.02 

0.90 

0.12 

13.4 

2.05 

1.05 

0.88 

0.17 

19.3 

Viscosity  81 

seconds,  primer  1.00  mil 

2.73 

1.73 

1.27 

0.46 

36.1 

2.78 

1.78 

1.24 

0.56 

45.0 

2.76 

1.76 

1.24 

0.52 

42.0 

2.79 

1.79 

1.22 

0.57 

46.7 

2.75 

1.75 

1.25 

0.50 

40.0 

2.76 

1.76 

1.27 

0.49 

38.6 

2.74 

1.74 

1.28 

0.46 

36.0 

Rate  of  Withdrawal,  4  Inches  per  Minute 
Enamel 

Primer  bare 


enamel 

Enamel 

steel0 

Diff. 

Mils 

Mils 

Mils 

Mil 

% 

2.51 

1.51 

1.00 

0.51 

51.0 

2.53 

1.53 

1.03 

0.56 

54.2 

2.58 

1.58 

1.00 

0.58 

58.0 

2.58 

1.58 

1.03 

0.53 

51.4 

2.54 

1.54 

0.96 

0.58 

60.4 

2.52 

1.52 

1.01 

0.53 

52.4 

2.46 

1.46 

0.96 

0.50 

52.0 

3.06 

2.06 

1.40 

0.66 

47.0 

3.12 

2.12 

1.40 

0.72 

51.4 

3.05 

2.05 

1.39 

0.66 

47.5 

3.08 

2.08 

1.42 

0.66 

46.5 

3.10 

2.10 

1.45 

0.65 

44.9 

3.07 

2.07 

1.38 

0.69 

50.0 

3.11 

2.11 

1.40 

0.71 

50.7 

2.32 

1.32 

1.036 

0.29 

28.0 

2.38 

1.38 

1.10 

0.28 

25.5 

2.35 

1.35 

1.08 

0.27 

25.0 

2.36 

1.36 

1.05 

0.31 

29.4 

2.32 

1.32 

1.04 

0.28 

26.9 

2.36 

1.36 

1.04 

0.32 

30.6 

2.32 

1.32 

1.03 

0.29 

28.2 

2.96 

1.96 

1.53 

0.43 

28.1 

2.96 

1.96 

1.50 

0.46 

30.6 

2.97 

1.97 

1.45 

0.52 

35.8 

2.98 

1.98 

1.45 

0.53 

36.4 

3.02 

2.02 

1.44 

0.57 

39.5 

2.98 

1.98 

1.44 

0.54 

37.5 

2.96 

1.96 

1.44 

0.52 

36.2 

“  Values  taken  from  enamel  3,  Table  III.  *>  Values  taken  from  enamel  4,  Table  III. 
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Table  V.  Film  Thickness  of  Olive  Drab  Lusterless 


- Film  T1 

lickness - 

Rate  of  withdrawal,  inches  per  minute 

Hand 

Inches 

from 

top 

2 

3 

4 

dipped 

Mils 

Mils 

Mils 

Mils 

Viscosity  33  seoonds 

1.5 

1.20 

1.31 

1.34 

1.42 

2.5 

1.21 

1.35 

1.36 

1.64 

4 

1.24 

1.33 

1.38 

1.88 

6 

1.25 

1.34 

1.44 

2.00 

8 

1.24 

1.33 

1.41 

2.17 

10 

1.25 

1.34 

1.38 

2.21 

11 

1.20 

1.34 

1.38 

2.17 

Viscosity  51  seconds 

1.5 

1.48 

1.79 

2.25 

1.89 

2.5 

1.50 

1.82 

2.28 

2.05 

4 

1.50 

1.80 

2.27 

2.21 

6 

1.52 

1.84 

2.33 

2.50 

8 

1.52 

1.86 

2.22 

2.77 

10 

1.48 

1.82 

2.28 

2.89 

11 

1.49 

1.80 

2.16 

2.90 

Viscosity  64  seconds 

1.5 

1.83 

2.08 

2.07 

1.72 

2.5 

1.85 

2.08 

2.08 

2.04 

4 

1.87 

2.04 

2.24 

2.28 

6 

1.82 

2.10 

2.25 

2.42 

8 

1.81 

2.10 

2.26 

2.82 

10 

1.80 

2.13 

2.20 

2.86 

11 

1.82 

2.10 

2.12 

3.00 

Table  VI.  Film  Thickness  of  Primers 

Rate  of  withdrawal,  inches  per  minute 
2  3  4 


Inches 

from 

top 

Mil 

Mils 

Mils 

1.5 

Primer  A 

Viscosity  41  seconds,  58.3%  solids 

0.63  0.83  0.98 

2.5 

0.63 

0.85 

1.02 

4 

0.67 

0.86 

1.00 

6 

0.68 

0.86 

0.99 

8 

0.66 

0.80 

1.00 

10 

0.67 

0.79 

1.01 

11 

0.63 

0.83 

1.03 

1.5 

0.85 

Viscosity  59  seconds 
1.02 

1.26 

2.5 

0.88 

1.02 

1.23 

4 

0.90 

1.02 

1.25 

6 

0.88 

1.00 

1.26 

8 

0.86 

1.05 

1.25 

10 

0.89 

1.00 

1.27 

11 

0.86 

1.02 

1.22 

1.5 

0.84 

Primer  B 

Viscosity  34  seconds 
0.89 

0.95 

Hand 

dipped 

Mils 

0.87 

2.5 

0.90 

0.95 

1.05 

1.08 

4 

0.86 

0.98 

1.03 

1.18 

6 

0.92 

0.98 

1.07 

1.29 

8 

0.90 

0.93 

1.05 

1.38 

10 

0.72 

0.78 

0.94 

1.47 

11 

0.58 

0.69 

0.84 

1.50 

Discussion  of  Data 

The  results  with  enamels  1  to  4  show  clearly  that  with¬ 
drawal  speeds  greater  than  4  inches  per  minute  do  not  pro¬ 
duce  uniform  films.  Enamel  1,  with  mineral  spirits  solvent 
and  slower  setting  than  the  others,  is  not  entirely  uniform  at 
the  4-minute  rate  nor  at  the  high  viscosity.  Viscosity  is  much 
more  important  than  the  per  cent  of  solids  in  determining  the 
film  thickness. 

Comparison  of  enamel  1  (71  seconds)  and  clear  1  (72  sec¬ 
onds),  having  the  same  vehicle,  shows  that  approximately 
equal  film  thickness  is  produced  under  the  same  conditions  of 
viscosity  and  rate  of  withdrawal.  The  greater  irregularity 
of  the  clear  films  at  4-inch  withdrawal  rate  is  evidence  of  the 
better  flowing  quality  of  the  clear  unpigmented  material. 
Primer  A,  having  the  same  vehicle  but  a  greater  pigment 
ratio,  has  less  flowing  quality  than  either  enamel  1  or  clear  1; 
therefore  uniform  films  are  obtained  at  the  4-inch  rate. 
Highly  pigmented  coatings  tend  to  become  plastic  or  thixo¬ 
tropic  with  very  little  viscous  flow.  It  then  becomes  increas- 
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Figure  8.  Variation  of  Film  Thickness  of  Clears 
with  Viscosity  and  Rate  of  Withdrawal 


ingly  difficult  to  produce  uniform  films  by  the  dip  method. 
The  decreased  flow  may  be  overcome  partially  by  lowering 
the  consistency,  but  this  has  definite  limitations.  The  olive 
drab  lusterless,  with  considerably  greater  pigment  ratio  and 
different  type  of  pigment,  requires  lower  viscoisty  for  uniform 
films  of  normal  thickness.  The  pigment  ratio  in  primer  B  is 
less  than  the  olive  drab,  but  this  pigment  has  a  definite  tend¬ 
ency  to  flocculate,  resulting  in  thixotropic  consistency  and 
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Table  VII.  Film  Thickness  of  Clears 


Rate  of  Withdrawal  Rate  of  Withdrawal,  Rate  of  Withdrawal  Rate  of  Withdrawal, 


Inches  per  Minute 

Hand 

Inches  per  Minute 

Hand 

Inches 

per  Minute 

Hand 

Inches  per  Minute 

Hand 

2 

3 

4 

dipped 

2 

3 

4 

dipped 

2 

3 

4  dipped 

2  3 

4 

dipped 

Inches 

Inches 

Inches 

Inches 

from 

from 

from 

from 

top 

Mil 

Mils 

Mils 

Mils 

top 

Mil 

Mils 

Mils 

Mils 

top 

Mil 

Mils 

Mils 

Mils 

top 

Mil  Mil 

Mils 

Mils 

Clear  1 

Clear  3 

Clear  5 

Clear  6 

Viscosity  46  seconds 

Viscosity  36  seconds 

Visoosity  52  seconds 

Viscosity  35  seoonds 

1.5 

0.60 

0.82 

0.79 

0.79 

1.5 

0.59 

0.65 

0.75 

0.72 

1.5 

0.46 

0.52 

0.63 

0.99 

1.5 

0.55  0.59 

0.66 

0.95 

2.5 

0.62 

0.82 

0.90 

0.94 

2.5 

0.60 

0.65 

0.78 

0.80 

2.5 

0.45 

0.53 

0.62 

1.10 

2.5 

0.46  0.58 

0.64 

0.98 

4 

0.64 

0.85 

0.92 

1.04 

4 

0.60 

0.67 

0.80 

0.85 

4 

0.48 

0.  52 

0  63 

1.24 

4 

0.50  0.57 

0.66 

1. 10 

6 

0.65 

0.86 

0.95 

1.21 

6 

0.57 

0.68 

0.80 

0.96 

6 

0.46 

0  53 

0.61 

1.41 

6 

0.50  0.59 

0.64 

1.12 

8 

0.64 

0.83 

0.96 

1.36 

8 

0.55 

0.70 

0.79 

1.06 

8 

0.44 

0.52 

0.61 

1.63 

8 

0.50  0.58 

0.66 

1.35 

10 

0.61 

0.82 

0.90 

1.40 

10 

0.55 

0.67 

0.76 

1.15 

10 

0.44 

0.53 

0.64 

1.64 

10 

0.50  0.60 

0.65 

1.35 

11 

0.63 

0.83 

0.91 

1.40 

11 

0.57 

0.66 

0.77 

1.10 

11 

0.44 

0.54 

0.61 

1.65 

11 

0.50  0.57 

0.65 

1.34 

Viscosity  72  seconds 

Viscosity  49  seconds 

Viscosity  71  seconds 

Visoosity  51  Seconds 

1.5 

0.89 

1.23 

0.92 

0.99 

1.5 

0.67 

0.91 

0.99 

0.73 

1.5 

0.55 

0.70 

0  83 

1.15 

1.5 

0.55  0.74 

0.84 

0.93 

2.5 

0.89 

1.20 

1.15 

1.12 

2.5 

0.69 

0.91 

0.99 

0.89 

2.5 

0.55 

0.70 

0.83 

1.29 

2.5 

0.55  0.75 

0.89 

1 . 12 

4 

0.94 

1.22 

1.30 

1.30 

4 

0.72 

0.90 

1.00 

1.04 

4 

0.54 

0.70 

0.83 

1.41 

4 

0.58  0.75 

0.90 

1.31 

6 

0.90 

1.25 

1.27 

1.60 

6 

0.68 

0.90 

1.02 

1 . 15 

6 

0.56 

0.69 

0.84 

1.65 

6 

0.62  0.73 

0.88 

1.46 

8 

0.86 

1.23 

1.32 

1.68 

8 

0.70 

0.95 

1.05 

1.24 

8 

0.56 

0.68 

0.83 

1.70 

8 

0.60  0.75 

0.88 

1.49 

10 

0.89 

1.25 

1.34 

1.78 

10 

0.68 

0.95 

1.03 

1.30 

10 

0.55 

0.70 

0.82 

1.90 

10 

0.56  0.72 

0.86 

1.66 

11 

0.88 

1.23 

1.42 

1.70 

11 

0.70 

0.93 

1.02 

1.34 

11 

0.55 

0.70 

0.82 

1.90 

11 

0.60  0.70 

0.85 

1.68 

Clear  2 

Viscosity  65  seconds 

Viscosity  88  seconds 

Viscosity  65  seconds 

Viscosity  43  seconds 

1.5 

0.81 

1.03 

1.10 

0.93 

1.5 

0.64 

0.87 

0.90 

1.33 

1.5 

0.74  0.95 

1.05 

1.25 

1.5 

0.60 

0.67 

0.73 

1.02 

2.5 

0.83 

1.07 

1 . 15 

0.98 

2.5 

0.65 

0.90 

0.90 

1.50 

2T5 

0.75  0.95 

1.06 

1.40 

2.5 

0.59 

0.66 

0.72 

1.07 

4 

0.85 

1.07 

1 . 18 

1.10 

4 

0.63 

0.89 

0.91 

1.66 

4 

0.78  0.92 

1.04 

1.53 

4 

0.63 

0.64 

0.78 

1.35 

6 

0.82 

1.07 

1.20 

1.30 

6 

0.65 

0.90 

0.90 

1.87 

6 

0.76  0.93 

1.07 

1.57 

6 

0.60 

0.65 

0.76 

1.43 

8 

0.81 

1.06 

1.20 

1 . 45 

8 

0.65 

0.87 

0.91 

1.93 

8 

0.76  0.92 

1.05 

1.75 

8 

0.61 

0.66 

0.75 

1.61 

10 

0.82 

1.05 

1.23 

1.49 

10 

0.65 

0.86 

0.92 

2.27 

10 

0.74  0.95 

1.07 

1.88 

10 

0.60 

0.61 

0.74 

1.64 

11 

0.80 

1.03 

1.20 

1.40 

11 

0.65 

0.88 

0.90 

2.20 

11 

0.75  0.92 

1.10 

1.98 

11 

0.60 

0.62 

0.75 

1.60 

Clear  4 

Viscosity  121 

seconds 

Clear 

7 

Viscosity  71  seconds 

Viscosity  35  seconds 

1.5 

0.90 

1.00 

1.22 

1.50 

Viscosity  35  seconds 

1.5 

0.74 

1.05 

1.09 

1.25 

1.5 

0.64 

0.90 

0.80 

0.80 

2.5 

0.90 

1.00 

1.20 

1.77 

1.5 

0.46  0.53 

0.63 

0. 81 

2.5 

0.75 

1.02 

1.10 

1.36 

2.5 

0.67 

0.90 

0.97 

0.92 

4 

0.89 

1.02 

1.20 

2.00 

2.5 

0.45  0.55 

0.59 

0.96 

4 

0.74 

1.04 

1.09 

1.61 

4 

0.66 

0.89 

1.06 

1.08 

6 

0.88 

1.00 

1.19 

2.23 

4 

0.42  0.56 

0.60 

1 . 10 

6 

0.73 

1.04 

1.10 

1.90 

6 

0.68 

0.90 

1.04 

1.15 

8 

0.87 

1.01 

1.18 

2.50 

6 

0.42  0.54 

0.59 

1 . 13 

8 

0.74 

1.05 

1.09 

1.99 

8 

0.70 

0.88 

1.03 

1.38 

10 

0.89 

0.98 

1.19 

2.65 

8 

0.48  0.55 

0.58 

1.33 

10 

0.76 

1.02 

1.08 

2.15 

10 

0.70 

0.87 

0.98 

1.44 

11 

0.90 

0.98 

1.17 

2.60 

10 

0.41  0.53 

0  59 

1 . 37 

11 

0.76 

1.00 

1.10 

2.08 

11 

0.69 

0.90 

0.99 

1.40 

11 

0.43  0.53 

0.59 

1.44 

Viscosity  48  seconds 

Viscosity  50 

seconds 

1.5 

0.86 

0.99 

0.98 

0.87 

1.5 

0.60  0.73 

0.86 

1.00 

2.5 

0.90 

1.09 

1.05 

1.11 

2.5 

0.59  0.75 

0.82 

1.11 

4 

0.89 

1.09 

1.10 

1.18 

4 

0.59  0.77 

0.84 

1.31 

6 

0.86 

1.05 

1.20 

1.37 

6 

0.63  0.74 

0.81 

1.47 

8 

0.90 

1.07 

1.25 

1.41 

8 

0.60  0.75 

0.79 

1  59 

10 

0.89 

1.06 

1.25 

1.54 

10 

0.60  0.75 

0.82 

1.67 

11 

0.88 

1.06 

1.25 

1.48 

11 

0.60  0.78 

0.82 

1.70 

Viscosity  65 

seconds 

1.5 

0.73  0.93 

1.00 

1.12 

2.5 

0.72  0.92 

1.00 

1.17 

4 

0.73  0.92 

1.02 

1.52 

6 

0.71  0.92 

1.01 

1.69 

8 

0.72  0.92 

0.98 

1.80 

10 

0.71  0.92 

1.02 

2.08 

11 

0.75  0.91 

1.03 

2.28 

irregularity  in  film  thickness.  This  material  is  not  entirely 
satisfactory  for  dip  coating  and  shows  that  the  type  of  pig¬ 
ment  and  degree  of  dispersion  must  be  considered  to  obtain 
satisfactory  results. 

The  extreme  variation  in  film  uniformity  on  the  panels 
which  were  hand-dipped  makes  this  method  very  unsatis¬ 
factory  for  making  test  panels.  The  effect  of  slow  setting 
produced  by  mineral  spirits  may  be  seen  again  in  a  comparison 
of  clears  1  and  2.  It  is  particularly  evident  in  the  hand- 
dipped  panels.  Clears  3  and  4  are  both  thinned  with  mineral 
spirits,  but  No.  4  is  slower  setting  than  No.  3  because  of  a 
greater  ratio  of  oil  to  resin.  The  greater  irregularity  of  No.  4 
at  comparable  viscosities  and  the  4-inch  rate  of  withdrawal  is 
at  once  apparent.  The  extreme  opposite  to  this  is  the  fast¬ 
setting  clear  No.  5,  with  which  very  uniform  films  were  ob¬ 
tained  at  the  4-inch  rate  even  at  high  viscosity.  However, 
uniform  films  were  not  obtained  with  this  material  by  the 
hand-dipped  method. 

Specification  ASX-736  for  shell  case  finishes  requires  a  film 
thickness  of  0.6  =*=  0.1  mil.  Clears  6  and  7  were  tested  for 
this  specification,  and  an  examination  of  Figures  4  to  8  will 
show  at  once  the  viscosity  and  rate  of  withdrawal  necessary 
for  the  desired  film  thickness.  A  series  of  films  could  be 
prepared  by  the  dip  coater  covering  a  range  of  film  thickness 


for  a  study  of  variation  of  film  properties  with  thickness.  In 
this  way  the  optimum  film  thickness  could  be  determined. 

This  work  was  done  under  conditions  of  constant  tempera¬ 
ture  and  humidity  (78°  F.,  50  per  cent  relative  humidity). 
It  is  well  known  that  viscosity  changes  appreciably  with 
temperature,  and  the  temperature  coefficient  is  not  the  same 
for  a  variety  of  coating  materials.  Where  constant  tempera¬ 
ture  is  not  available,  it  would  be  desirable  to  determine  the 
viscosity  of  the  coating  under  the  same  conditions  as  applica¬ 
tion  and  immediately  before  using.  The  rate  of  evaporation 
of  the  solvent  from  the  film  and  consequently  the  setting  time 
of  the  film  is  affected  by  the  humidity  of  the  atmosphere,  but 
this  effect  is  not  so  great  as  the  temperature-viscosity  factor 
and  may  be  neglected  over  the  normal  humidity  changes. 

Summary 

Surface  coating  films  of  uniform  thickness  may  be  made  by 
the  dip  coater  on  steel  panels  for  test  purposes. 

Film  thickness  may  be  varied  over  the  normal  useful  range 
by  changing  the  viscosity  of  the  coating,  the  rate  of  with¬ 
drawal,  or  both.  The  range  of  rate  of  withdrawal  for  a  wide 
variety  of  surface  coatings  is  from  2  to  4  inches  per  minute. 

Viscosity  is  more  important  than  per  cent  solids  in  deter¬ 
mining  film  thickness  at  a  given  rate  of  withdrawal. 
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There  is  an  optimum  flowing  quality  for  the  production  of 
uniform  films  over  the  normal  thickness  range.  Coating 
materials  with  very  poor  flowing  quality  are  not  satisfactory 
for  application  by  the  dip  method. 

The  data  obtained  indicate  the  range  of  viscosity  and  rate 
of  withdrawal  necessary  for  surface  coatings  suitable  for  dip 
application  to  give  a  desired  film  thickness.  The  actual  con¬ 
ditions  of  application  should  be  determined  for  any  specific 
coating  and  film  thickness. 
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Effect  of  Ethanol  Concentration  on  Purity 
of  Potassium  Chloroplatinate 

In  Determination  of  Potash  in  Fertilizers 

H.  L.  MITCHELL  and  O.  W.  FORD 
Purdue  University  Agricultural  Experiment  Station,  Lafayette,  Ind. 


FOR  some  time  the  question  of  the  proper  concentration 
of  ethanol  to  be  used  for  the  determination  of  potash  in 
fertilizers  has  been  under  consideration. 

Ford  and  Hughes  ( 2 )  reported  that  higher  potash  values 
were  obtained  with  95  per  cent  ethanol  than  when  80  per 
cent  ethanol  was  employed  as  directed  by  the  A.  0.  A.  C. 
method  for  potash  in  fertilizers  (I).  Since  this  work  was 
published,  it  has  been  suggested  that  perhaps  the  higher 
values  were  due  to  differences  in  the  composition  of  the 
precipitate  of  potassium  chloroplatinate  rather  than  to  de¬ 
creased  solubility  of  potassium  chloroplatinate  in  the  higher 
percentage  of  the  ethanol.  It  was  the  purpose  of  this  work  to 
investigate  the  possibility  of  changes  in  the  composition  of 
the  potassium  chloroplatinate  precipitate  when  various 
concentrations  of  ethanol  are  used. 


Table  I.  Effect  of  Ethanol  Concentration  on  Potash 
Value  of  a  Potassium  Chloride  Solution 


Ethanol 

Concentration 

KjPtCls' 

% 

Gram 

80 

0.2017 

85 

0.2034 

90 

0.2047 

95 

0.2052 

Averages  of  8  determinations. 

Procedure 

The  work  of  Ford  and  Hughes  was  extended  to  include  potash 
determinations  using  85  and  90  per  cent  as  well  as  80  and  95  per 
cent  ethanol  and  acid-ethanol.  These  determinations  were 
made  on  a  solution  of  pure  potassium  chloride  without  evapora¬ 
tion  and  ignition.  The  temperature  (20°  C.)  and  the  volume  of 
ethanol  (160  ml.)  used  were  kept  constant  in  all  cases.  The 
results  obtained  are  presented  in  Table  I. 

Sufficient  quantities  of  potassium  chloroplatinate  were  pre¬ 
pared  as  above,  using  the  four  concentrations  of  ethanol,  so  that 
approximately  1  gram  of  each  could  be  dissolved  in  water  to  make 
500  ml.  of  solution,  and  25-ml.  portions  were  placed  in  weighed 


platinum  dishes.  Platinum  reduction  was  accomplished  by  a 
modification  of  the  method  proposed  by  Swisher  and  Hummel 
(3)  by  adding  1  ml.  of  formic  acid  to  each  dish,  heating  to  boiling, 
and  transferring  to  a  steam  bath  for  10  minutes.  The  solutions 
were  filtered  through  weighed  Gooch  crucibles  without  attempt¬ 
ing  to  remove  all  the  platinum  black  from  the  dishes.  The 
crucibles  had  previously  been  padded  with  a  small  disk  of  What¬ 
man  No.  5  filter  paper  and  then  with  asbestos.  After  drying 
at  110°  C.,  both  the  dishes  and  the  crucibles  were  reweighed. 

The  filtrates  from  the  platinum  determination  were  acidified 
with  nitric  acid  and  chloride  was  determined  gravimetric  ally  by 
precipitating  with  silver  nitrate.  The  platinum  and  chloride 
values  are  presented  in  Table  II. 


Table  II.  Effect  of  Ethanol  Concentration  on  Composi¬ 
tion  of  Potassium  Chloroplatinate  Precipitate 


Ethanol 

Concen¬ 

tration 

Found 

— .Platinui 
Theo¬ 
retical 

XL - * 

Difference 

Found 

-Chloride- 

Theo¬ 

retical 

Difference 

% 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

80 

0 . 0200 

0.0201 

0.0001 

0.0215 

0.0219 

0 . 0004 

85 

0.0200 

0.0201 

0.0001 

0.0215 

0.0219 

0.0004 

90 

0.0199 

0.0201 

0.0002 

0.0216 

0.0219 

0.0003 

95 

0.0201 

0.0201 

0.0000 

0.0216 

0.0219 

0.0003 

Discussion 

Table  I  is  further  confirmation  of  the  findings  of  Ford  and 
Hughes  that  higher  percentages  of  ethanol  give  higher  potash 
values. 

Table  II  indicates  that,  within  experimental  error,  the 
composition  of  the  potassium  chloroplatinate  precipitate  is 
not  changed  by  varying  the  concentration  of  the  ethanol  used. 
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THE  application  of  a  spectrochemical  method  to  the  de¬ 
termination  of  aluminum  in  biological  material-  ( 5 ) 
yielded  results  which  were  often  lower  than  those  previously 
reported  by  many  other  workers  {14).  A  careful  study  of  the 
method  resulted  not  only  in  a  number  of  modifications  which 
greatly  increased  the  precision  of  analysis  in  the  lower  range 
of  concentrations  but  also  in  the  development  of  a  chemical 
method  which  could  be  used  to  check  the  spectrographic  find¬ 
ings.  The  refinements  incorporated  in  the  spectrochemical 
method  and  the  details  of  the  chemical  method  employed  in 
testing  it  are  described  in  the  following  paragraphs. 

Spectrochemical  Method 

The  chief  difficulty  in  the  use  of  the  spectrochemical  method 
was  encountered  in  its  application  to  extremely  low  levels  of 
concentration  where  precision  is  affected  by  background  fog 
and  residual  aluminum  in  the  reagents  and  electrodes.  The 
residual  aluminum  even  in  the  case  of  individual  electrodes 
may  vary  considerably  and  therefore  a  blank  correction 
cannot  be  used  with  any  degree  of  safety.  While  a  number  of 
earlier  batches  of  electrodes  were  satisfactorily  purified  by 
means  of  prolonged  acid  extraction  {6),  this  treatment  has 
not  proved  consistently  reliable  for  more  recently  purchased 
batches.  This  fact  led  to  an  examination  of  available  puri¬ 
fied  electrodes  and  to  the  choice  of  0.6-cm.  (0.25-inch)  Dow 
purified  graphite  electrodes  for  this  work. 

The  reagents  to  be  employed  are  purified  either  by  redis¬ 
tillation  (distilled  water,  nitric  and  hydrochloric  acids)  or,  when 
possible,  by  the  removal  of  aluminum  as  the  phosphate  (at  pH 
4.2).  The  latter  method  has  proved  satisfactory  for  the  puri¬ 
fication  of  the  spectroscopic  base  (4)  which  is  used  to  derive  the 
calibration  curves  and  as  the  diluent  added  to  the  prepared 
samples  to  control  their  inorganic  salt  composition  (4).  The 
small  quantities  of  residual  aluminum  which,  together  with 
plate  emulsion  fog,  affect  the  reliability  of  the  lower  sections  of 
the  working  curves  may  be  determined  spectrographically  when 
the  working  curves  are  derived  (7). 

The  reliable  evaluation  of  photometric  data  obtained  for  lines, 
the  intensities  of  which  are  just  above  that  of  the  emulsion  fog, 
has  lately  been  the  subject  of  a  number  of  papers  (7,  15,  17,  20). 
The  method  used  to  correct  for  background  fog  in  this  study  is 
fundamentally  the  same  as  that  described  by  Pierce  and  Nachtrieb 
{17),  with  the  additional  precaution  that  the  internal  standard  em¬ 
ployed  is  a  line  in  the  same  range  of  intensity  as  the  test  line  (7). 
The  advantage  of  such  a  procedure  is  obvious  from  the  fact  that 


the  values  for  the  density  or  intensity  of  lines  in  the  medium  and 
upper  blackening  levels  suffer  little  change  due  to  background. 
With  15  mg.  of  bismuth  per  100  ml.  of  prepared  test  solution 
(0.2  ml.  of  which  are  placed  on  the  arc)  the  bismuth  lines  at 
2993.4  and  3024  are  of  suitable  intensity  to  serve  as  standard 
lines  for  the  evaluation  of  aluminum  (3082  A.)  in  the  respective 
ranges  of  from  0.01  to  0.10  mg.  per  100  ml.,  and  from  0.05  to 
2.00  mg.  per  100  ml.,  of  the  prepared  sample. 

The  nitric  acid  solutions  (plus  hydrochloric  acid,  if  tin  is 
present)  of  the  dry-ashed  (500°  C.)  samples  are  adjusted  to 
volumes  dictated  by  experience.  Generally  the  solutions  of 
ashed  solid  tissues,  blood,  and  individual  food  items  are  adjusted 
to  volumes  corresponding  to  the  weight  in  grams  of  the  original 
material.  The  solutions  of  ashed  urine  samples  are  made  up  so 
that  each  milliliter  corresponds  to  10  ml.  of  fresh  urine,  those  of 
feces  ash  to  a  total  volume  of  100  ml.,  and  the  solutions  of  ashed 
mixed  food  samples  to  500  ml. 

In  the  case  of  urine  the  internal  standard  (1  ml.  of  a  solution 
containing  1.5  mg.  of  bismuth)  is  included  in  making  the  final 
volume  adjustment.  Other  materials  are  prepared  for  spectro¬ 
graphic  analysis  by  mixing — in  graduated  15-ml.  Pyrex  centri¬ 
fuge  tubes — suitable  quantities  of  the  prepared  sample  solutions 
and  definite  amounts  of  a  spectroscopic  buffer  salt  solution  con¬ 
taining  the  proper  amount  of  the  internal  standard  (15  mg.  of 
bismuth  per  100  ml.  of  buffer  solution).  (The  buffer  solution  or 
diluent  contains  the  inorganic  salts  of  ashed  urine  and  is  adjusted 
in  volume  so  that  1  ml.  is  equivalent  to  10  ml.  of  normal  urine,  4-) 
The  mixtures  are  concentrated  in  a  glycerol  or  oil  bath  to  the 
volumes  of  diluent  employed,  and  0.2-ml.  portions  are  dried  in 
the  craters  of  graphite  rods  (3.75  cm.,  1.5  inch,  in  length  and 
0.6  cm.,  0.25  inch,  in  diameter).  The  dried  rods  are  then  burned 
(with  similar  untreated  rods  serving  as  negative  electrodes)  for 
2  minutes  as  a  direct  current  arc  from  a  120-volt  line  at  10  amperes 
and  with  a  50-volt  drop  across  the  electrodes.  The  craters 
(10  mm.  in  depth  and  3  mm.  in  diameter)  in  the  two  electrodes 
help  to  improve  the  steadiness  of  the  arc.  Step  spectra  are  ob¬ 
tained  by  rotating  a  5-step  sector  (factor  of  2)  before  the  slit  of  a 
Bausch  &  Lomb  large  quartz  Littrow  spectrograph  (set  at  5) 
and  photographing  the  refracted  light  on  Eastman  No.  33  plates. 
The  step  densities  for  the  test  and  standard  lines  are  measured 
in  a  nonrecording  densitometer  and  the  separation  between  the 
respective  Hurter-Driffield  curves  (plotted  as  densities  against 
the  log  relative  exposures  of  the  steps)  at  a  constant  density 
(0.30)  gives  the  aluminum  concentration  when  read  from  a 
calibration  curve  derived  by  adding  known  amounts  of  aluminum 
to  the  spectroscopic  buffer  {6).  In  the  case  of  very  weak  lines 
(0.01  to  0.10  mg.  of  aluminum  per  100  ml.  of  solution),  only  the 
maximum  exposure  steps  are  used,  as  described  in  a  recent  paper 
(7).  In  this  case  it  is  advisable  to  correct  for  background  fog, 
and  with  urine  samples  to  correct  as  well  for  any  residual  alu¬ 
minum  which  may  have  been  present  in  the  salt  stock  used  to 
derive  the  working  curve  (Figure  1  and  7). 
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Table  I.  Aluminum  Recovered  by  Chemical  Method 


(Using  200  mg.  of  diammonium  phosphate  for  precipitation) 


Range  Used 

A1  Added 

AI  Found 

Al  Recovered 

M  xerograms 

Micrograms 

Micrograms 

Micrograms 

0-5 

0 

5.0 

0-5 

0 

5.2 

0-5 

0 

4.9 

Av.  5.0 

0-5 

1 

6.3 

1.3 

0-5 

1 

5.9 

0.9 

0-5 

1 

6.1 

1.1 

0-50 

5 

10 

5 

0-50 

5 

12 

7 

0-50 

5 

11 

6 

0-50 

30 

35 

30 

0-50 

30 

37 

32 

0-50 

30 

35 

30 

0-50 

50 

57 

52 

0-50 

50 

54 

49 

0-50 

50 

55 

50 

Chemical  Method 

None  of  the  available  chemical  methods  was  adequate  for 
the  authors’  purpose,  since  they  needed  a  method  which  could 
be  applied  over  a  wide  range  of  values  (1  microgram  to  several 
hundred  milligrams). 

Schmidt  and  Hoagland’s  aluminum  phosphate  method  (19)  is 
excellent  for  gravimetric  work  but  obviously  could  not  be  used 
for  minute  quantities.  The  available  micromethods  employing 
8-hydroxyquinoline  (oxine),  the  ammonium  salt  of  aurin  tri¬ 
carboxylic  acid  (aluminon),  or  Alizarin  Red  S,  were  not  suitable 
because  of  losses  and  manipulative  difficulties. 

The  oxine  methods  as  described  by  Berg  (3),  Hahn  and  co¬ 
workers  (10,  11),  and  Schams  (18)  were  time-consuming  and  in¬ 
adequate  for  amounts  less  than  50  micrograms  of  aluminum. 
Quantities  below  this  value  did  not  precipitate  readily  as  the 
oxinate,  a  fact  which  Alten  and  co-workers  had  reported  (1).  In 
addition,  the  many  manipulative  steps  entailed  unavoidable 
mechanical  losses.  The  color  obtained  by  coupling  the  diazo- 
tized  oxine  (liberated  from  the  aluminum  oxinate)  with  sulfanil¬ 
amide  was  photometrically  suitable,  however,  and  therefore  the 
method  could  readily  be  applied  to  quantities  of  aluminum  above 
50  micrograms. 

The  aluminon  method  has  been  employed  by  a  number  of 
investigators  (9,  12,  16,  22-25).  That  described  by  Cox  (9)  was 
chosen  as  the  best  representative  of  these  methods,  but  was 
found  to  be  unsatisfactory.  The  principal  difficulties  encoun¬ 
tered  were  loss  of  aluminum  through  adsorption  or  occlusion 
when  interfering  iron  was  removed  as  the  hydroxide,  interference 
by  the  phosphate  ion  in  the  final  estimation,  and  failure  of  the 
color  to  obey  Beer’s  law. 

The  Alizarin  Red  S  method,  first  described  by  Atack  (2), 
then  carefully  studied  by  Yoe  and  Hill  (26)  and  applied  by 
Underhill  and  Peterman  (21),  appeared  to  be  the  method  best 
suited  to  the  authors’  purpose.  With  certain  modifications 
which  are  included  in  the  description  below,  it  has  the  fol¬ 
lowing  advantages  over  others  using  Alizarin  Red  S:  The 
isolation  of  aluminum  as  the  phosphate  followed  by  washing 
with  water  (and  the  subsequent  removal  of  iron  with  cup- 
ferron)  removes  interfering  substances  which  affect  the  final 
color  (2);  employment  of  a  mixed  color  makes  it  possible  to 
avoid  the  use  of  acetic  acid,  which  attacks  the  aluminum  lake 
(2) ;  and  this  colorimetric  procedure  permits  the  use  of  a  single 
stable  calibration  curve  which  obeys  Beer’s  law. 

Method  of  Procedure 

Isolation  of  Aluminum  as  Aluminum  Phosphate.  Sam¬ 
ples  of  urine  (100  ml.  or  less),  blood  (5  grams  or  less),  tissues 
(5  to  100  grams),  feces  (24-hour  excretion),  and  mixed  food  are 
prepared  for  analysis  by  the  dry-ashing  method  used  for  spectro- 
graphic  work  (4). 

Transfer  the  entire  prepared  sample  of  urine  or  blood — or  a 
suitable  aliquot  in  case  the  aluminum  content  is  greater  than 
50  micrograms — to  a  50-ml.  graduated  conical  centrifuge  tube. 
Add  1  mg.  of  iron  (100  mg.  of  iron  as  ferric  chloride  per  100  ml.  of 
water),  1  ml.  of  saturated  ammonium  acetate  solution,  and  200 
mg.  of  diammonium  phosphate  (4  grams  of  diammonium  phos¬ 


phate  per  100  ml.).  Dilute  to  20  ml.,  mix  well,  and  add  6  drops 
of  0.1  per  cent  aqueous  bromocresol  green  solution,  making  cer¬ 
tain  that  all  phosphates  are  in  solution  by  adding,  if  necessary,  a 
few  drops  of  6  A  hydrochloric  acid.  Add  dilute  ammonium 
hydroxide  (30  ml.  of  concentrated  ammonium  hydroxide  per 
100  ml.)  drop  by  drop  until  pH  4.2  is  obtained  (by  matching 
against  a  standard  buffer,  8). 

Dilute  to  30  ml.  and  heat  tube  and  contents  in  a  bath  of  gently 
boiling  water  for  approximately  30  minutes.  Wash  down  sides 
of  tube  with  a  fine  jet  of  hot  water,  bring  the  volume  to  30  ml., 
and  centrifuge  for  10  minutes  at  1800  r.  p.  m.,  discarding  super¬ 
natant  liquid.  Wash  down  the  sides  of  the  tube  with  about  2 
ml.  of  hot  water,  loosen  the  precipitate  containing  aluminum 
phosphate  plus  iron  phosphate,  breaking  up  hard  lumps  with  the 
pointed  end  of  a  glass  stirring  rod,  and  dilute  to  approximately 
20  ml.  Coagulate  the  phosphate  by  placing  the  centrifuge  tube 
in  a  water  bath  for  10  minutes;  then  centrifuge  again  for  10 
minutes,  discarding  the  supernatant  liquid.  It  is  not  necessary 
to  add  diammonium  phosphate  to  prepared  urine  samples  or  iron 
to  prepared  blood  samples.  Moreover,  in  the  case  of  blood  the 
amount  of  phosphate  normally  present  permits  satisfactory 
precipitation  of  aluminum,  if  only  100  mg.  of  the  diammonium 
phosphate  are  added. 


0  .04  .08  .12  .16 

Mg.  Aluminum  /  100  ml. 

Figure  1.  Calibration  Curve  for  Spec- 
trographic  Determination  of  Micro 
Quantities  of  Aluminum 

Corrected  for  background  and  residual  aluminum 


Removal  of  Iron  Interference.  Dissolve  the  precipitate 
with  5  ml.  of  dilute  sulfuric  acid  (10  ml.  of  concentrated  sulfuric 
acid  per  100  ml.),  place  in  the  hot-water  bath  to  effect  solution, 
dilute  to  approximately  10  ml.,  and  centrifuge  for  10  minutes  to 
separate  silica.  Transfer  the  supernatant  liquid  to  a  150-ml. 
Squibb  type  separatory  funnel  and  dilute  to  20  ml.  Add  2  ml. 
of  a  cold  aqueous  cupferron  solution  (6  grams  per  100  ml.)  and 
allow  to  stand  for  1  minute  after  thorough  shaking.  Add  10 
ml.  of  a  water-saturated  benzene-ether  mixture  (equal  parts  by 
volume),  shake  for  1  minute,  and  allow  complete  separation  of 
the  two  phases.  Remove  the  aqueous  layer  to  a  second  separa¬ 
tory  funnel  and  repeat  treatment  with  10  ml.  of  the  benzene- 
ether  mixture.  Remove  the  aqueous  fraction  to  a  30-ml. 
Kjeldahl  flask  containing  1  ml.  of  concentrated  nitric  acid,  add 
one  or  two  small  clean  Carborundum  bumping  stones,  and  heat 
with  a  microburner  until  fumes  of  sulfur  trioxide  appear.  Cool, 
add  1  ml.  of  water,  and  again  heat  until  appearance  of  sulfur 
trioxide  fumes,  to  expel  oxides  of  nitrogen. 

Photometric  Measurement  of  the  Mixed  Color  of  the 
Aluminum  Lake  of  Alizarin  Red  S  Plus  Excess  Alizarin 
Red  S.  If  the  range  of  0  to  5  micrograms  of  aluminum  is  to  be 
used,  rinse  the  contents  of  the  30-ml.  Kjeldahl  flask  completely 
into  a  25-ml.  glass-stoppered  cylinder.  Dilute  to  14  ml.,  add 
1  ml.  of  an  aqueous  solution  of  Alizarin  Red  S  (0.075  gram  of 
Alizarin  Red  S  per  100  ml.),  then  add  10  ml.  of  dilute  ammonium 
hydroxide  (30  ml.  of  concentrated  ammonium  hydroxide  per 
100  ml.),  mix  the  contents,  and  measure  the  density  immediately 
at  580  m/u,  with  a  suitable  spectrophotometer. 

If  the  range  is  0  to  50  micrograms  of  aluminum,  use  a  100-ml. 
glass-stoppered  cylinder.  Dilute  to  85  ml.,  and  add  5  ml.  of 
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Figure  2.  Calibration  Curve  for  Spectrophotometric 
Measurement  of  Mixed  Color 
Cell  length  2.5  cm. 

the  same  Alizarin  Red  S  solution  and  10  ml.  of  dilute  ammonium 
hydroxide.  Other  procedures  are  the  same. 

The  density  curve  as  shown  in  Figure  2  for  the  range  0  to  50 
micrograms  was  obtained  with  a  pure  aqueous  solution  of 
aluminum  chloride,  containing  5  ml.  of  dilute  sulfuric  acid 
(10  ml.  of  concentrated  sulfuric  acid  per  100  ml.).  Density 
measurements  were  obtained  with  the  photoelectric  spectro¬ 
photometer  described  in  a  previous  paper  (18).  A  reagent 
blank  of  approximately  5  micrograms  of  aluminum  is  obtained 
when  200  mg.  of  diammonium  phosphate  are  used. 

Results 

Table  I  lists  the  recoveries  obtained  by  the  chemical  method 
when  known  amounts  of  aluminum  were  added  and  200  mg. 
of  diammonium  phosphate  were  used  for  precipitation  of 
aluminum.  The  agreement  between  findings  obtained  by  the 
chemical  and  the  spectrographic  methods  is  shown  in  Tables 
II,  III,  and  IV.  Table  II  gives  recoveries  of  known  amounts 
of  added  aluminum  approximating  those  which  may  be  en¬ 
countered  in  fecal  and  mixed  food  samples.  Table  III  il¬ 
lustrates  the  agreement  between  the  results  obtained  by  the 
two  methods  at  the  lower  levels  of  concentration.  These 
results,  listed  in  the  frequencies  of  their  occurrence,  with  their 
calculated  mean  values,  were  obtained  from  duplicate  samples 
of  consecutive  daily  urinary  specimens  from  a  subject  under 
study.  The  range  of  application  of  the  two  methods,  the 
agreement  in  the  findings  obtained  by  their  use,  and  also  the 
levels  of  aluminum  concentration  which  may  be  encountered 
in  miscellaneous  material  may  be  seen  in  Table  IV. 

Discussion 

Aluminum  is  the  most  widely  distributed  of  the  metals, 
forming  as  it  does  about  7  per  cent  of  the  earth’s  surface. 
Contamination,  therefore,  is  a  serious  factor  in  the  determi¬ 
nation  of  aluminum  and  its  complete  avoidance  is  practically 
impossible.  Nevertheless,  the  consistently  low  results  and 
the  close  agreement  between  the  means  obtained  on  indepen¬ 
dent  aliquots  of  urine  samples  by  two  such  distinctly  dif¬ 
ferent  methods  (Table  III)  point  to  the  fact  that  contamina¬ 
tion  has  been  held  to  a  minimum.  The  effect  of  adventitious 
aluminum  depends,  of  course,  on  the  range  of  concentrations 


Table  II.  Comparison  of  Analytical  Results  Obtained  by 
Spectrographic  and  Chemical  Methods 


Spectrographic 

Chemical  Method  Method 


Feces 

A1 

A1 

A1 

A1 

A1 

Sample 

Added 

found 

recovered 

found 

recovered 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0721 

0 

1.66 

1.84 

0 

1.66 

1.80 

0 

1.40 

1.64 

Av. 

1.57 

Av. 

1.76 

0721 

5 

6.66 

5.09 

6.50 

4.74 

5 

6.50 

4.93 

7.25 

5.49 

5 

6.16 

4.59 

6.75 

4.99 

Av. 

4.87 

Av. 

5.07 

0721 

10 

12.00 

10.43 

11.20 

9.44 

10 

12.25 

10.68 

11.30 

9.54 

10 

10.75 

9.18 

12.50 

10.74 

Av. 

10.07 

Av. 

9.90 

0721 

100 

105.0 

103.4 

114.8 

113.0 

100 

105.0 

103.4 

109.8 

108.0 

100 

92.5 

90.9 

101.8 

100.0 

Av. 

99.2 

Av. 

107.0 

Table  III.  Determination  of  Aluminum  in  Consecutive 
Samples  of  Urine  from  an  Experimental  Subject 


(Comparison  of  spectrographic  and  chemical  results) 


A1  Found, 

Frequencies  of  Occurrence 

Mg./l. 

Chemical 

Spectrographic 

0.010-0.0149 

1 

, , 

0.015-0.0199 

2 

0.020-0.0249 

7 

0.025-0.0299 

4 

0.030-0.0349 

7 

'4 

0.035-0.0399 

13 

8 

0.040-0.0449 

9 

25 

0.045-0.0499 

12 

10 

0.050-0.0549 

13 

23 

0.055-0.0599 

6 

4 

0.060-0.0649 

4 

9 

0 . 065-0 . 0699 

4 

3 

0.070-0.0749 

5 

2 

0.075-0.0799 

0 

0 

0.080-0.0849 

4 

3 

Totals 

91 

91 

Mean 

0.046 

0.050 

Probable  error 

±0.001 

±0.001 

Std.  deviation 

±0.016 

±0.011 

Coefficient  of  variation 

34.59% 

21.75% 

encountered  and  may  be  serious  in  the  case  of  urine,  blood,  or 
animal  tissues  with  a  low  aluminum  content.  It  is  therefore 
advisable  to  carry  out  analyses  in  duplicate  whenever  suffi¬ 
cient  material  is  available. 

Silica  does  not  interfere  with  the  determination  and  there  is 
no  evidence  that  any  considerable  portion  of  the  aluminum 
present  in  prepared  samples  of  feces  or  mixed  food  is  in  the 
form  of  insoluble  silicate.  A  number  of  tests  on  such  material 
containing  1.5  to  100  mg.  of  aluminum  showed  that  99  per 
cent  or  more  of  the  aluminum  was  in  the  soluble  form.  The 
fact  that  in  one  case  1  per  cent  of  the  aluminum  was  found  in 
the  silica  does  not  mean  that  the  aluminum  was  present  as  an 
insoluble  silicate;  a  more  probable  explanation  is  that  it  was 
difficult  to  remove  small  amounts  of  adsorbed  aluminum  com¬ 
pletely  by  washing.  Silica  is  removed  in  the  chemical 
method  for  photometric  reasons  only. 

At  least  1  mg.  of  iron  was  found  to  be  essential  for  the  com¬ 
plete  adsorption  or  entrainment  of  50  to  75  micrograms  of  alu¬ 
minum  as  the  phosphate.  Higher  amounts  are  unnecessary, 
and  were  avoided  because  of  the  increased  manipulation  re¬ 
quired  in  washing  the  phosphate  and  in  removing  the  iron 
with  cupferron.  Phosphate  must  be  present  in  an  amount  in 
excess  of  that  needed  to  combine  with  all  of  the  added  iron  and 
the  aluminum.  Best  results  were  obtained  when  200  mg.  of 
diammonium  phosphate  were  employed.  Larger  amounts 
give  rise  to  high  blanks,  and,  in  addition,  increased  quantities 
lead  to  incomplete  removal  of  excess  diammonium  phosphate 
by  the  washing  process.  The  phosphate  remaining,  when 
carried  through  to  the  estimation  step,  may  cause  a  partial 
precipitation  of  aluminum  phosphate  and  thus  produce  low 


60 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  I 


Table  IV.  Comparison  of  Analytical  Results  Obtained  by 

Spectrographic 

and  Chemical  Methods 

Aluminum  Found 

Sample 

Spectrographic 

Chemical 

Mg. /I. 

Mg./l. 

Urine  803 

0.04 

0.03 

Urine  1483 

0.06 

0.06 

Urine  1495 

0.08 

0.07 

Mg. /100  g. 

Mg./ 100  g. 

Blood  606 

0.02 

0.03 

Blood  843 

0.03 

0.03 

Blood  945 

0.03 

0.03 

Mg./ 24  hours 

Mg./2/.  hours 

Feces  3496° 

338 

332 

Feces  4188 

12.5 

12.6 

Food  3145a 

330 

324 

Food  3717 

3.6 

3.9 

a  Following  addition  of  A1  to  diet. 


results.  This  fact  also  limits  the  upper  range  of  estimation  by 
chemical  means  to  50  or  75  micrograms  per  aliquot,  since 
larger  quantities  of  aluminum  also  tend  to  recombine  with  the 
phosphate  under  the  conditions  of  this  method. 

The  only  difficulty  encountered  with  the  chemical  method 
as  outlined  in  this  paper  is  in  establishing  the  range  of  the 
concentration  of  aluminum  in  the  specific  sample;  this  can  be 
done  only  on  the  basis  of  experience  with  a  particular  series  of 
samples.  In  the  case  of  urine  and  blood  samples,  the  ali¬ 
quots  designated  usually  can  be  analyzed  with  the  0  to  5 -mi¬ 
crogram  curve,  with  extrapolation  to  7.5  micrograms  if  neces¬ 
sary.  This  procedure  is  preferable  to  using  a  0  to  10  micro¬ 
gram  range,  since  the  quantities  of  alizarin  required  in  this 
case  give  an  initially  high  density  and  thus  make  it  difficult 
to  evaluate  small  color  changes.  However,  since  the  method 
is  sensitive,  small  aliquots  can  be  used,  and  the  analysis  can 
be  repeated  with  larger  aliquots  when  this  is  deemed  advisable. 

The  stability  of  the  lake  formed  is  sufficient  for  rapid 
measurement — within  10  to  15  minutes.  Under  the  conditions 
outlined  the  densities  of  the  mixed  color  (with  increased  alu¬ 
minum)  follow  Beer’s  law  (Figure  2),  the  greatest  density 
spread  between  the  aluminum-lake  color  and  the  excess 
Alizarin  Red  S  color  being  observed  at  580  m,u.  For  most 
accurate  results  each  sample  should  be  developed  immediately 
before  reading. 

With  the  spectrographic  method  there  is  no  question  of 
specificity  when  an  instrument  of  sufficient  dispersion  (large 
quartz  Littrow  type)  is  employed.  The  problem  here,  as 
previously  pointed  out,  is  one  of  reproducibility,  particularly 
for  the  extremely  low  concentration  ranges.  The  reproduci¬ 
bility  obtainable  by  the  present  method  is  excellent  when 
judged  by  the  variations  in  individual  results  used  to  plot 
Figure  1.  A  varying  number  of  spectra  was  employed  for 
each  point.  Table  V  shows  number  of  spectra  and  mean 
error  of  a  single  analysis  as  read  from  the  finally  derived  curve, 
plotted  from  the  mean  values  at  a  number  of  concentrations. 

In  the  higher  concentrations  the  average  error  of  spectro- 
chemical  analysis  is  approximately  =*=  10  per  cent.  The  evalu¬ 
ation  of  spectrum-line  blackenings  by  the  usual  interval  of  log 
E  separation  ( 6 ,  7)  may  be  used  with  excellent  results  for 
quantities  above  0.05  mg.  of  aluminum  per  100  ml.  of  solution. 
The  older  method  of  evaluating  weak  spectrum  lines  by  the 
method  of  opacity  separation  ( 6 ,  7)  may  also  be  used  when 
background  is  present,  provided  the  standards  used  to  derive 
the  curve  had  approximately  the  same  intensity  of  background. 
This  older  method  fails  particularly  in  dealing  with  very  weak 
lines  in  spectra  having  practically  no  background.  In  the 
latter  case,  the  separations  are  too  large,  and  consequently 
they  yield  low  results.  Although  the  bismuth  3024  line  has 
been  used  as  an  internal  standard  it  is  also  possible  to  use  the 
2898  line  (7).  When  this  is  done  the  amount  of  bismuth 
added  should  be  reduced  to  5  mg.  per  100  ml.  Under  these 


conditions  the  2993.4  line  used  for  the  evaluation  of  weak 
lines  will  be  reduced  in  intensity  to  a  level  corresponding  to 
that  obtained  with  the  aluminum  3082  A.  line,  when  the  range 
is  from  0.01  to  0.05  mg.  of  aluminum  per  100  ml. 

Summary 

A  spectrochemical  method  and  a  chemical  method  are  de¬ 
scribed  for  the  determination  of  aluminum  in  biological  ma¬ 
terial  in  the  range  of  from  1  microgram  to  several  hundred 
milligrams  per  sample. 

The  precision  of  analysis  of  quantities  of  aluminum  in  the 
range  of  0.01  to  0.10  mg.  per  100  ml.  of  solution  by  spectro¬ 
chemical  means  has  been  improved  by  correcting  for  back¬ 
ground  fog.  The  method  of  background  correction  found 
most  satisfactory  entails  the  use  of  standard  lines  of  the  same 
degree  of  intensity  as  that  of  the  aluminum  line  in  the  low 
concentration  range.  The  average  error  of  a  single  analysis 
in  the  low  range  is  0.014  mg.  of  aluminum  per  100  ml.  of 
solution. 

The  chemical  method,  which  equals  the  spectrochemical 
method  in  precision,  consists  of  the  isolation  of  aluminum  as 
the  phosphate,  the  removal  of  iron  with  cupferron,  the 
subsequent  development  of  an  aluminum  lake  with  Alizarin 
Red  S,  and  the  measurement  of  the  mixed  color  by  means  of  a 
photoelectric  spectrophotometer. 


Table  V.  Reproducibility  of  Findings  by  Spectrographic 

Means 


(Low  concentration  range) 


Concentration 

Spectra 

Mean  Error  of 
Single  Analysis 

Mg./ 100  ml. 

Mg./ 100  ml. 

0.03 

6 

±0.012 

0.04 

6 

±0.010 

0.08 

11 

±0.015 

0.13 

10 

±0.019 
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Barcroft- Warburg  Manometric  Apparatus 

Usage,  Recent  Developments,  and  Applications 

JOHN  J.  PERKINS,1  Army  Medical  School,  Washington,  D.  C. 


WHEN  reference  is  made  to  the  use  of  the  Barcroft- 
Warburg  respirometer  in  experimental  methods  it  is 
usually  understood  that  the  apparatus  consists  of  a  manom¬ 
eter  fitted  with  a  removable  sample  vessel  or  flask,  and  a 
suitable  constant-temperature  water  bath  equipped  with  an 
efficient  thermoregulator,  stirrer,  and  shaking  mechanism. 
There  are  essentially  three  standard  types  of  manometers 
ordinarily  used  with  this  equipment.  The  first,  and  most 
common  type,  is  referred  to  as  the  Warburg  or  constant- 
volume  respirometer,  so  named  on  account  of  its  extensive 
use  by  0.  Warburg  and  his  colleagues  at  Berlin,  although  it  is 
similar  in  design  and  construction  to  the  original  “blood  gas 
manometer”  employed  by  Barcroft  and  Haldane  (6)  in  1902. 


T  -  absolute  temperature  of  the  water  bath  surround¬ 
ing  the  vessel 

V,  =  volume  of  all  liquids  in  the  vessel  in  which  the 
measured  gas  might  dissolve 

a  =  solubility  of  the  gas  being  measured  in  the  vessel 
liquid  at  temperature  T  (see  Bunsen’s  solubility 
table)  J 

Po  =  normal  pressure  in  terms  of  manometric  fluid  (for 
Brodie’s  solution,  10,000  mm.).  Brodie’s  solu¬ 
tion  may  be  prepared  as  follows:  sodium  chloride, 
23  grams,  sodium  tauroglycocholate,  5  grams’ 
water  to  500  ml.  (10,000  mm.  of  this  solution  are 
approximately  equivalent  to  760  mm.  of  mer¬ 
cury). 


Constant-Volume  Respirometer 

Tim  Warburg  manometer,  as  illustrated  in  Figure  1,  consists 
of  a  Fyrex  U-tube  with  an  outside  diameter  of  7  to  8  mm.,  care¬ 
fully  selected  for  uniformity  and  precision  of  bore.  For  proper 
sensitivity,  the  internal  cross  section  of  the  bore  should  be  ap¬ 
proximately  1  sq.  mm.  The  vertical  arms  of  the  tube  are  accu- 
rately  graduated  in  millimeters  from  0  to  30  cm.,  and  the  hori- 
zontal  alignment  of  the  graduations  is  of  the  order  of  0.1  mm. 
At  the  base  of  the  manometer  a  rubber  reservoir  and  screw-clamp 
arrangement  are  attached,  by  which  the  level  of  the  indicating 
liquid  m  the  tube  may  be  adjusted.  One  end  of  the  U-tube  is 
open  to  the  air  and  the  other  end,  as  shown,  is  constructed  with 
a  horizontal  armfor  attaching  a  suitable  vessel  by  means  of  a 
standard  taper  ( V)  iriterehangeable  ground-glass  joint.  A  three- 
way  stopcock  not  only  permits  communication  with  the  air  but 
also  serves  for  the  introduction  of  different  gas  mix¬ 
tures  into  the  respiring  material,  dependent  upon  the 
experimental  requirements. 

Each  manometer  of  this  type  is  equipped  with  a 
removable  support  or  backing  made  of  Monel  metal  or 
wood  and  also  a  special  sleeve  for  attaching  to  the  shak¬ 
es  mechanism  of  the  thermostat  as  described  below 
buch  an  arrangement  has  been  found  necessary  in  view 
ot  the  fact  that  when  the  manometer  is  in  its  proper 
position  the  sample  vessel  must  be  completely  immersed 
in  the  constant-temperature  water  bath 

Before  making  a  reading  on  the  Warburg  type  of 
manometer,  the  level  of  the  indicating  fluid  in  that  arm 
ol  the  U-tube  connecting  with  the  test  vessel  is  always 
adjusted  by  means  of  the  thumbscrew  device  to  the 
same  given  point— for  example,  the  150-mm.  mark. 

Readings  are  made  on  that  arm  of  the  manometer  which 
is  open  to  the  air  only,  and  the  difference  of  pressure 
between  the  interior  of  the  vessel  and  the  outer  air  is 
Fr?l°tbtainedrby  subtracting  150  from  these  readings. 

»hTrhh  readln?  0iAe  “anometer  the  volumes  of  gas 
S  b  d,or  evolved  by  the  respiring  material  can  be 
calculated  according  to  the  following  formula: 


V  ?73 

c  T  +  V,  (a) 


(1) 


where 


x  = 
h  = 
V„  = 


cu.  mm.  of  gas  at  standard  temperature  and 
pressure 

reading  of  manometer  (change  in  height  in 
manometric  graduations) 

free  volume  of  gas  in  the  vessel  and  manom- 
eter  to  the  level  of  manometric  fluid 
(total  volume  of  apparatus  less  volume 
ot  sample,  liquids,  and  detachable 
ports  placed  in  the  vessel) 


sup- 


In  experiments  where  a  constant  volume  of  material  is  to 
be  used,  the  quantity  within  the  brackets  in  Formula  1  re¬ 
mains  constant  for  a  given  vessel  and  is  referred  to  as  the 
vessel  constant,  k.  The  majority  of  vessels  used  with  the 
Warburg  respirometer  possess  volumes  of  approximately  15 
ml.  and  their  respective  constants  usually  range  from  1  to  3 
Therefore,  if  the  vessel  constant  is  known,  it  is  only  necessary 
to  multiply  the  manometer  reading  by  it  to  find  the  amount 
of  gas  evolved  at  standard  temperature  and  pressure. 

MacLeod  and  Summerson  {55)  have  recently  described  a 
graphic  method  for  determining  Warburg  vessel  constants  at 
various  fluid  volumes.  This  type  of  procedure  eliminates  the 
tedious  computations  and  is,  no  doubt,  conducive  to  greater 
accuracy,  since  a  linear  relationship  exists  between  the  vessel 
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1  Present  address,  White  Laboratories,  Inc.,  Newark,  N.  J. 


Figube  1.  Warburg  Constant-Volume  Manometer  and  Reaction 

Vessel 
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Figure  2.  Barcroft  Differential  Manom¬ 
eter  with  Flasks 


constant,  k,  and  the  volume  of  liquid  in  the  vessel  under  ordi¬ 
nary  conditions. 

Barcroft  Differential  Respirometer 

The  second  most  popular  type  of  instrument  used  in  micro¬ 
respiration  studies  is,  perhaps,  the  differential  respirometer 
developed  by  Barcroft  (5)  in  1908.  It  is  similar  in  construc¬ 
tion  to  that  used  earlier  by  Warburg  (91)  in  measurements  of 
the  rapidity  of  ozonization.  The  differential  manometer 
differs  principally  from  the  Warburg  type  by  having  one  end 
not  open  to  the  air  but  connected  to  a  second  flask  which,  in 
turn,  acts  as  a  compensating  vessel  and  thus  eliminates  errors 
due  to  slight  changes  of  temperature  or  barometric  pressure 
during  the  experiment. 

An  illustration  of  the  Barcroft  respirometer  is  shown  in  Figure 
2.  This  is  the  form  now  generally  employed  and  particularly 
recommended  by  Dixon  and  Elliott  (22)  for  respiration  studies 
and  similar  processes,  in  which  the  rate  of  the  process  rather  than 
the  total  amount  of  gas  absorbed  is  to  be  determined.  No  screw 
adjustment  is  required  in  this  type  of  manometer,  as  the  indicat¬ 
ing  liquid  is  allowed  to  move  freely  in  both  arms  of  the  U-tube 
and  the  readings  are  made  by  simply  noting  the  difference  be¬ 
tween  the  readings  of  the  two  arms.  The  U-tube  is  constructed 
of  Pyrex  tubing  with  an  outside  diameter  of  6  to  7  mm.  and  a  bore 
of  approximately  2  sq.  mm.  with  graduations  from  0  to  200  mm. 
(21).  It  is  essential  that  this  style  of  manometer  be  provided 
with  two  special  flasks  whose  volumes  are  exactly  equal  to  within 
0.1  ml.;  otherwise,  the  compensation  will  not  be  perfect  and  seri¬ 
ous  errors  may  be  introduced. 

The  type  recommended  by  Dixon  and  Keilin  (28)  with  a  capac¬ 
ity  of  about  40  ml.,  has  been  found  very  satisfactory,  since  it  is 
made  with  a  removable  side  arm  and  hollow  stopcock  for  intro¬ 
ducing  acid  or  alkali  during  an  experiment.  This  style  of  flask  is 


shown  in  Figure  3.  In  this  type  of  manometer  also  it  is  necessary 
to  determine  the  apparatus  constant,  k,  which  may  be  derived 
from  the  following  simplified  formula: 


where 

x  —  cu.  mm.  of  gas  evolved  in  reaction  vessel  (right  flask) 
h  =  reading  of  manometer 
A  =  area  of  bore  in  manometer  (sq.  mm.) 

V0'  =  volume  of  gas  space  in  compensating  (left)  flask, 
including  manometer  tubes  to  the  level  of  mano- 
metric  fluid,  normally  kept  at  100-mm.  graduation 
Vg  =  volume  of  gas  space  in  reaction  vessel  (right  flask) 

T  =  absolute  temperature  of  water  bath 
a  =  solubility  of  gas  being  measured  in  vessel  liquid  at 
temperature  T 

Vf  =  volume  of  all  liquids  in  the  vessel  in  which  the  meas¬ 
ured  gas  might  dissolve 

Po  =  normal  pressure  in  terms  of  manometric  fluid 

The  Barcroft  respirometer  as  modified  by  Dixon  and 
Elliott  (22)  is  preferred  by  a  great  many  workers  for  meas¬ 
urements  involving  the  oxygen  uptake,  the  respiratory  car¬ 
bon  dioxide  production,  and  glycolysis  of  tissue  slices  or 
homogenized  tissue  suspensions  (26,  62,  77,  102). 

Summerson  Manometer 

The  third  style  of  manometer  in  current  use  with  the  Bar¬ 
er  of  t-War  burg  apparatus  is  an  ingenious  device  recently  de¬ 
veloped  by  Summerson  (88)  and  illustrated  in  Figure  4.  It 
offers  in  a  single  apparatus  the  possibilities  of  either  direct  or 
differential  manometric  measurements.  For  direct  measure¬ 
ments  it  is  the  equivalent  of  two  single  manometers  of  the 
conventional  Warburg  type  in  which  one  arm  of  the  manom¬ 
eter  is  open  to  the  atmosphere.  When  used  as  a  differential 
manometer  it  operates  at  constant  volume,  with  the  attendant 
simplification  of  differential  measurement  made  possible  by 
use  of  constant-volume  vessel  constants. 

Readings  on  the  Summerson  manometer  are  made  along 
the  two  inner  arms  which  are  graduated  from  0  to  450  mm. 
The  manometer  fluid  levels  and  vessel  volumes  are  maintained 
constant  at  the  calibration  marks  on  the  outer  arms  by  the 
usual  method  of  adjusting  the  pressure  screw  device  on  the 
fluid  reservoir.  The 
differential  readings 
are  equally  precise  at 
any  vessel  pressure, 
and  a  sensitive  ma¬ 
nometer  fluid  may  be 
used  for  the  determina¬ 
tion  of  small  differences 
in  pressure  in  the 
presence  of  relatively 
large  total  pressures. 

This  type  of  manometer 
is  adaptable  to  a 
number  of  different 
manometric  proce¬ 
dures,  each  of  which 
has  heretofore  required 
a  separate  type  of 
instrument.  It  is 
particularly  suited  to 
the  differential  meas¬ 
urement  of  the  oxygen 
consumption,  respira¬ 
tory  carbon  dioxide 
output,  and  aerobic 
glycolysis  in  metabo¬ 
lism  studies. 


Figure  3.  Dixon-Keilin 
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Constant-Tempera¬ 
ture  Bath 

Close  and  reliable  tem¬ 
perature  control  is  of  the 
utmost  importance  in  the 
Barcroft- Warburg  proce¬ 
dures,  since  the  apparatus 
is  arranged  to  measure 
kinetically  the  oxygen  con¬ 
sumption  as  a  function  of 
time  under  conditions  of 
constant  temperature  and 
atmospheric  pressure.  Pre¬ 
cise  temperature  control  of 
the  bath  or  thermostat  to 
±0.02°  C.  or  better  is  ac¬ 
complished  by  means  of  an 
efficient  metastatic  mercury 
or  bimetal  thermoregulator, 
a  sensitive  relay,  motor 
stirrer,  and  an  immersion 
heater  arranged  to  provide 
a  symmetrical  distribution 
of  heat  throughout  the  bath. 

As  shown  in  Figure  5,  the 
shaking  mechanism  operat¬ 
ing  on  ball-bearing  rollers  is 
an  integral  part  of  the  as¬ 
sembly  and  permits  the 
attached  manometers  to 
move  through  the  bath  with 
a  horizontal  reciprocating 
motion,  thus  allowing  read¬ 
ings  to  be  made  without 
stopping  the  shaking  action. 
By  means  of  a  rheostat  con¬ 
trol  various  speeds  of  shak¬ 
ing  up  to  about  200  complete 
oscillations  per  minute  with 
an  adjustable  amplitude  of 
movement  from  0  to  4  cm. 
can  be  obtained,  and,  pro¬ 
viding  the  shaking  mech¬ 
anism  is  driven  by  a 
synchronous  motor,  any 
speed  selected  will  be  con¬ 
stant  regardless  of  varia¬ 
tions  in  load  or  line  voltage. 
Dixon  and  Elliott  (22)  demonstrated  that  the  rate  of  shak¬ 
ing  is  a  very  important  factor,  especially  when  studying  the 
velocity  of  oxygen  uptake  of  materials  such  as  baker’s  yeast. 

Recent  Developments  and  Modifications 

One  of  the  most  widely  used  and  versatile  modifications  of 
the  Barcroft- Warburg  apparatus  is  the  differential  volumeter 
devised  independently  by  Fenn  in  1927  (28)  for  the  measure¬ 
ment  of  cellular  respiration  and  other  processes.  This  highly 
sensitive  instrument  is  illustrated  in  Figure  6.  It  operates 
upon  the  volumetric  rather  than  the  manometric  principle 
and  is  similar  in  construction  to  the  differential  volumeter 
first  introduced  by  Thunberg  in  1905  (87),  and  later  modified 
by  Winterstein  (99)  and  Widmark  (98). 

The  instrument  consists  essentially  of  a  control  flask  and  an 
experimental  flask  connected  by  a  capillary  tube  containing  an 
kerosene  stained  with  Sudan  III  dye  to  improve  its 
visibility.  The  capillary  is  constructed  of  precision-bore  Pyrex 
tubmg  with  an  internal  cross  section  of  approximately  0.3  sq. 
mm.  (to  contain  3  cu.  mm.  per  cm.  of  length),  and  graduations 


Figure  5.  Barcroft-Warburg  Apparatus  Equipped  with 
14  Manometers 


extending  from  0  to  15  cm.  in  1-mm.  subdivisions.  The  experi¬ 
mental  flask  has  two  side  arms  situated  90°  apart  to  facilitate  the 
transfer  of  contents  separately,  and  also  a  stopcock  for  the  intro¬ 
duction  of  different  gas  mixtures  if  needed.  Sodium  hydroxide 
may  be  placed  in  one  side  arm  to  absorb  carbon  dioxide  and  the 
other  may  contain  any  reagent  which  it  is  desired  to  introduce 
during  the  experiment.  The  volume  of  each  flask  is  approxi¬ 
mately  15  ml.,  although  flasks  possessing  smaller  volumes  can  be 
used  with  a  resulting  increase  in  sensitivity.  This  instrument 
also  requires  the  use  of  a  constant-temperature  water  bath  similar 
to  the  one  described  above. 

As  oxygen  is  consumed  in  the  experimental  flask  the  index  drop 
is  drawn  along  the  capillary  tube,  the  carbon  dioxide  being  ab¬ 
sorbed  in  the  alkali.  If  the  gas  spaces  in  both  flasks  are  equal, 
the  loss  of  gas  due  to  absorption  in  the  one  is  shared  equally  by  the 
other  in  order  to  keep  the  pressure  equal  on  both  sides  of  the  index 
drop.  The  drop,  therefore,  moves  through  a  volume  of  capillary 
equivalent  to  one  half  the  volume  of  the  gas  absorbed. 

Fenn  (29)  has  clearly  presented  the  theoretical  principles 
governing  volumeter  measurements  and  further  description 
is  not  necessary.  However,  with  the  differential  volumeter  a 
greater  sensitivity  can  be  obtained  (to  0.001  /d.)  without 
reducing  the  volume  of  the  vessels  to  inconvenient  sizes.  It 


Figure  6.  Fenn  Differential  Volumeter 


Figure  4.  Summerson 
Combination  Manometer 
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Figure  7.  Fleischmann-Aminco  Fehmentometek 


is  simple  in  operation,  less  expensive,  more  compact,  and  can 
be  depended  upon  to  yield  results  equal  to  the  manometric 
methods  in  convenience  and  precision. 

The  subject  of  volumetric  versus  manometric  methods  for  the 
determination  of  gas  production  has  been  discussed  thoroughly  by 
Eisenberg  {25).  Jares  (41 ),  Martin  (56'),  and  Burkholder  {16) 
have  used  the  differential  volumeter  for  determinations  of  the 
respiratory  quotient  and  oxygen  consumption  of  certain  bacteria 
and  tissues.  Recently  Goodwin  and  Goddard  (34)  were  highly 
successful  in  using  the  Fenn  apparatus  for  measuring  accurately 
the  gaseous  changes  which  take  place  between  isolated  woody 
tissue  sections  and  their  environment.  They  found  the  apparatus 
to  be  sensitive  to  0.15  cu.  mm.  of  gas  per  hour  at  25°  C.  Schmitt 
(69)  modified  the  differential  volumeter  for  still  higher  sensi¬ 
tivity  and  applied  it  to  the  determination  of  the  oxygen  con¬ 
sumption  of  stimulated  nerve.  Gerard  and  Hartline  (32)  modi¬ 
fied  this  instrument  by  taking  advantage  of  the  greater  stability 
afforded  by  reducing  the  tissue  chamber  to  capillary  dimensions 
(0.5  to  1.2  mm.  diameter)  and  placing  this  inside  a  relatively 
large  “differential”  chamber.  Index  drop  movements,  observed 
with  an  ocular  micrometer,  were  consistent  over  5-minute  inter¬ 
vals,  with  volume  changes  of  the  order  of  0.01  cu.  mm. 

A  further  development  of  the  capillary  method  has  recently 
been  made  by  Tobias  and  Gerard  (88),  so  that  it  is  now  conven¬ 
ient  to  follow  the  respiration  of  ten  tissue  samples  at  once,  and  it 
is  possible  to  measure  absolute  gas  volume  changes  of  0.001  cu. 
mm.,  minute  by  minute,  with  an  error  of  some  8  per  cent  minute 
by  minute;  for  longer  intervals  the  error  is  less  than  1  per  cent. 
With  the  capillary  microrespirometer  the  reliability  of  QO2 
values  is  limited  by  the  accuracy  of  estimation  of  the  amount  of 
respiring  material.  (Q02  is  the  symbol  for  respiration  rate  and 
may  be  defined  as  the  number  of  cubic  milliliters  of  oxygen  ab¬ 
sorbed  per  hour  per  milligram  of  dry  might  of  tissue  at  standard 
temperature  and  pressure.) 

Another  form  of  microrespirometer  operating  upon  the  differ¬ 
ential  volumeter  principle  has  been  developed  by  Thimann  and 
Commoner  (86).  It  permits  volumetric  readings  to  be  made  at 
1-minute  intervals  and  is  very  sensitive  to  small  or  transient 
changes  in  respiration  rate  (a  drop  movement  of  1  mm.  indicates 
a  volume  change  of  about  0.06  cu.  mm.).  It  is  capable  of  gen¬ 
eral  use  with  small  amounts  of  biological  materials,  tissues,  or 
organisms,  and  provides  for  convenience  in  manipulation. 

Asymmetrical  differential  respirometers  have  been  constructed 
by  Duryee  (24)  and  by  Victor  (90),  with  somewhat  lower  sensi¬ 
tivities  (0.1  and  0.01  /d.,  respectively).  Stefanelli  (82)  has  de¬ 
scribed  an  instrument  similar  to  that  of  Victor,  with  a  sensitivity 
of  0.003  /xl.  for  measuring  the  effect  of  cleavage  on  the  respiration 
of  a  single  egg  of  Rana  fusca.  Laser  (52)  and  Meier  (57)  used  a 


modified  Warburg  respirometer  with  a  sensitivity  of  0.1  /d.  for 
the  measurement  of  the  respiration  of  tissue  cultures  of  Droso¬ 
phila  melanogaster. 

A  novel  type  of  respirometer  was  developed  by  Heatley,  Beren- 
blum,  and  Chain  (37),  which  permits  the  measurement  of  gas 
exchanges  of  the  order  of  1  cu.  mm.  per  hour  with  a  systematic 
error  not  greater  than  that  involved  in  the  usual  manometric 
methods.  The  material  to  be  studied  is  enclosed  in  a  glass 
chamber  equipped  with  a  mica  diaphragm.  The  pressure 
changes  taking  place  in  the  vessel  are  compensated  by  external 
pressure  applied  by  a  manometric  device.  The  point  of  com¬ 
pensation  is  determined  with  the  aid  of  a  sensitive  optical  indi¬ 
cator  system  involving  a  pair  of  small  mirrors  attached  to  the 
mica  diaphragm.  Gerard  (31)  modified  the  usual  form  of  War¬ 
burg  apparatus  by  immersing  in  the  thermostat  the  entire  ma¬ 
nometer  including  all  gas  space,  thus  permitting  the  use  of  smaller 
vessels  with  a  consequent  increase  in  sensitivity. 

The  new  Fleischmann-Aminco  fermentometer  (70),  shown  in 
Figure  7,  appears  to  be  the  most  recent  development  and  modifi¬ 
cation  of  the  Warburg  apparatus.  This  instrument  has  been 
used  by  a  number  of  laboratories,  principally  for  the  determina¬ 
tion  of  vitamin  Bi  (thiamine)  according  to  the  yeast  fermentation 
method  (71,  72).  It  may  be  used,  however,  in  any  experimental 
work  in  which  it  is  desired  to  collect  the  gas  from  a  fermenting 
solution  (73-75).  The  rate  of  fermentation  is  measured  by  the 
amount  of  gas  evolved  in  a  given  time  interval.  The  fermen¬ 
tometer  presents  no  new  departures  in  principle  from  other  forms 
of  manometric  apparatus,  nor  does  it  achieve  new  values  in  ac¬ 
curacy,  sensitivity,  or  ability  to  deal  with  minute  quantities  of 
material. 

Linderstrpm-Lang  (53)  first  suggested  the  use  of  the  Cartesian 
diver,  illustrated  in  Figure  8,  as  an  ultramicromanometer  and  de¬ 
tails  of  the  method  were  presented  in  a  later  communication 
( 54 ).  A  thorough  discussion  of  the  principle,  technique,  and 
procedure  for  making  the  divers  will  be  found  in  the  work  of 
Boell,  Needham,  and  Rogers  (11).  The  delicacy  of  the  instru¬ 
ment  and  method  can  be  readily  appreciated  by  the  fact  that 
whereas  1  cm.  on  the  Warburg  manometer  scale  corresponds  to  a 
gas  exchange  of  about  20  cu.  mm.,  1  cm.  on  the  diver  manometer 
scale  corresponds  to  a  gas  change  of  about  0.008  cu.  mm.  The 
actual  sensitivity  of  the  Cartesian  diver  is  approximately  one- 
fifth  of  this  value;  it  is  1500  times  more  sensitive  than  the  stand¬ 
ard  Warburg  manometer.  This  instrument  has  been  success¬ 
fully  used  for  determining  the  carbon  dioxide  output,  ammonia 
output,  and  the  respiratory  quotient  in  morphogenesis  and 
metabolism  studies  of  amphibian  gastrula. 

Another  modification  of  the  Warburg  manometer,  of  particular 
interest  to  the  organic  chemist,  is  the  apparatus  developed  by 
Kuhn  and  Moller  (50)  for  the  exact  determination  of  the  number 
of  double  bonds  of  highly  unsaturated  or  very  slowly  hydro¬ 
genated  substances.  The  method  described  measures  the  hydro¬ 
gen  used  up  by  the  substance  against  a  comparison  substance 
under  exactly  similar  conditions.  The  accuracy  attained  is  such 
that  after  hydrogenation  for  a  period  of  40  hours  an  error  of 
±0.5  per  cent  is  not  exceeded. 


Table  I.  Sensitivity  of  Microeespirometers 


Gas  Change  per 
Cm.  Manometer 

Refer¬ 

Apparatus 

Scale,  Cu.  Mm. 

Author 

ence 

Date 

Standard  Warburg 

20 

Warburg 

(96) 

1926 

manometer 

Dixon 

(20) 

1934 

Warburg  microma- 

Laser 

(62) 

1932 

nometer 

3-7 

Meier 

(67) 

1931 

Fenn  volumeter 

3-4 

Fenn 

(28) 

1927 

(29) 

1935 

Schmitt 

(69) 

1933 

Duryee 

(24) 

1936 

Capillary  micro- 

Gerard  and  Hart¬ 

(82) 

1934 

manometer 

1.8-2. 3 

line 

Victor 

■  (90) 

1935 

0.06-0.12 

0.001  (sensitivity) 

Stefanelli 

Tobias  and 

(82) 

1937 

Gerard 

(88) 

1941 

Krogh-microma- 

(10) 

nometer 

1.6 

Bodine  and  Orr 

1925 

Differential 

0.6 

Thimann  and 

volumeter 

Commoner 

(86) 

1940 

Micromanometer 

Heatley, 

with  mica  mirrors 

Berenblum,  and 

optically  read 

0 . 08-0 . 04 

Chain 

(37) 

1939 

Cartesian  diver 

Linderstr0m-Lang 

(68) 

1937 

ultramicroma¬ 

0.008-0.02 

Linderstrpm-Lang 

(64) 

1938 

nometer 

0.001  (sensitivity) 

Boell,  Needham, 

(ID 

and  Rogers 

1939 
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A  comparison  of  the  sensitivity  of  the  various  micro¬ 
respirometers  mentioned  is  presented  in  Table  I.  The 
amount  of  gas  exchange  per  centimeter  on  the  manometer 
scale  is  given  for  each  type  of  apparatus. 

Accuracy  and  Precision  of  Results 

In  discussing  the  accuracy  of  the  Warburg  techniques,  it 
may  be  said  that  the  readings  are  usually  significant  to  the 
nearest  0.5  mm.,  thereby  permitting  the  detection  of  volume 
changes  of  the  order  of  0.5  /A.  (0.0005  ml).  However,  by 
means  of  certain  refinements  and  modifications,  such  as’ the 
use  of  special  micromanometers  with  a  fine  capillary  bore 
(less  than  1  sq.  mm.)  and  vessels  of  smaller  capacity  (less 
than  5-ml.  volume),  and  by  making  microscopic  manometric 
readings,  this  delicacy  of  measurement  may  be  increased  some 
fifty  to  one  hundred  times. 

It  has  been  estimated  by  Dickens  and  Simer  (19)  and 
Dixon  (20)  that  the  total  errors  inherent  in  manometric 
methods  of  this  type  usually  amount  to  approximately  2  per 
cent.  The  determination  of  the  vessel  constant  is  probably 
the  most  accurate  part  of  the  technique.  With  the  standard 
style  of  Barcroft  differential  manometer  it  is  possible  to  de¬ 
termine  the  apparatus  constant,  k,  according  to  Equation  2 
with  an  accuracy  of  at  least  0.5  per  cent.  When  a  vessel 
constant  becomes  as  large  as  10,  the  accuracy  with  which  the 
reading  may  be  interpreted  becomes  only  0.1  as  great  as  when 
the  constant  is  1,  and  each  graduation  will  represent  an  in¬ 
ternal  change  of  10  and  1  cu.  mm.,  respectively. 

Singh  and  Mathur  (76),  using  a  Barcroft  respirometer, 
found  the  accuracy  of  the  apparatus  to  be  ±1.25  per  cent, 
when  used  for  quantitative  determinations  of  known  amounts 
of  carbon  dioxide  liberated  by  adding  measured  amounts  of 
standard  acid  from  the  vessel  side  arms  to  an  excess  of  a  bi¬ 
carbonate  solution  contained  in  the  main  part  of  the  vessel. 
When  applied  to  the  determination  of  a  specific  substance, 
such  as  carbon  monoxide  in  blood,  the  Barcroft- Warburg  ap¬ 
paratus  compares  favorably  with  the  well-known  referee 
method  of  Van  Slyke  and  Neill  (89).  The  average  discrep¬ 
ancy  between  these  two  methods  according  to  Roughton 
(66)  was  found  to  be  0.06  volume  per  cent  carbon  monoxide 
(=  0.3  per  cent  COHb),  and  in  over  thirty  replicates  by  the 
Barcroft  method  the  average  discrepancy  was  0.12  volume 
per  cent  carbon  monoxide  (=  0.6  per  cent  COHb). 

Johnston  and  Frey  (48)  found  that  by  using  the  same  reac¬ 
tion  vessel  for  each  measurement  and  carefully  controlling 
conditions,  a  precision  of  1  per  cent  could  be  easily  attained 
with  the  Barcroft-Warburg  equipment  in  measuring  the 
autoxidation  induction  periods  of  fatty  oils.  This  study  pre¬ 
sents  an  interesting  feature  in  that  the  determinations  were 
made  at  100°  C.,  thus  indicating  that  these  methods  can  be 
extended  to  elevated  temperatures  with  convenience  and 
relatively  good  precision.  Corbet  and  Wooldridge  (18)  in¬ 
vestigated  the  accuracy  of  the  Barcroft  differential  manom¬ 
eter  in  respiration  studies  and  concluded  that  single  or  even 
duplicate  experiments  should  be  accepted  with  caution.  The 
experiments  should  be  replicated  sufficiently  and  continued 
for  long  enough  periods  to  give  a  standard  error  of  5  per  cent. 
The  direct  method  of  Warburg  in  metabolism  experiments 
has  been  criticized  by  Brock,  Druckrey,  and  Richter  (13)  on 
the  grounds  that  when  intensive  respiration  is  to  be  expected 
(as  in  the  oxygen  consumption  of  eggs)  the  manometer  drops 
slightly  or  rises  but  very  little,  thus  indicating  the  formation 
of  some  compensating  gas.  The  source  of  error  was  found  to 
be  carbon  dioxide  formed  from  sodium  bicarbonate  by  fixed 
;  acids,  the  absorption  of  carbon  dioxide  not  being  instantane¬ 
ous  as  is  generally  assumed. 

In  summarizing  the  ultimate  factors  affecting  the  accuracy, 
sensitivity,  and  speed  of  response  of  the  Barcroft-Warburg 
apparatus  may  be  mentioned  the  limitations  arising  from: 


Inability  of  the  oxygen  to  diffuse  with  sufficient  rapidity  from 
the  gas  into  the  liquid  phase. 

Speed  of  shaking — rate  of  uptake  must  be  independent  of  rate 
of  shaking. 

Insufficient  rate  of  absorption  of  carbon  dioxide  by  the  alkali 
present  (see  work  of  Dixon  and  Elliott,  22). 

Use  of  flasks  of  improper  design  and  shape,  thereby  inhibiting 
free  diffusion  of  gas  into  liquid. 

Diffusion  of  gases  through  ground-glass  joints. 

Practically  all  the  methods  employing  the  Barcroft-War¬ 
burg  apparatus  are  based  upon  the  assumption  that  oxygen 
and  carbon  dioxide  are  the  only  gases  produced  or  absorbed. 
Such  a  statement  may  be  accepted  as  correct  except  in  the 
case  of  certain  bacteria,  which  may  evolve  hydrogen  and  other 
gases;  in  these  instances  the  methods  may  be  of  little  value. 
The  presence  of  excretory  nitrogen  has  also  been  shown  to 
exert  a  marked  effect  on  the  measurements  of  the  respiratory 
quotient  of  single  cells  or  small  groups  of  cells  (80). 

Methods  of  Measuring  Respiration 

The  present  manometric  methods  for  measuring  oxygen 
consumption  may  be  classified  into  two  groups — namely,  those 
in  which  the  oxygen  uptake  is  measured  directly,  and  those  in 
which  it  is  obtained  by  indirect  calculation.  (A  detailed  ac¬ 
count  of  the  methods  developed  by  Warburg  will  be  found 
in  the  excellent  review  by  Krebs,  48.)  The  direct  method 
(14,  17)  is,  perhaps,  the  most  widely  used  because  of  its  sim¬ 
plicity  and  suitability  for  following  the  course  of  the  oxygen 
absorption  of  a  substance. 

.  If  is  assumed  that  oxygen  is  consumed  and  carbon  dioxide 
is  produced  during  the  course  of  the  experiment.  The  presence 
of  alkali  in  the  inset  (central  well)  of  the  respiration  vessel  (see 
Figure  1)  keeps  the  carbon  dioxide  tension  at  zero.  A  decrease 
in  pressure  in  the  vessel  is  converted  into  an  equivalent  volume 
assumed  to  be  that  of  the  oxygen  consumed.  The  comparison  of 
pressure  values  obtained  in  the  manner  indicated  above  and 
those  obtained  similarly  from  a  vessel  in  which  no  alkali  is  pre¬ 
sent  gives,  presumably,  the  increase  in  pressure  due  to  the  libera¬ 
tion  of  carbon  dioxide,  and  these  values  are  in  turn  converted  into 
the  equivalent  volumes  of  carbon  dioxide  produced. 

The  indirect  method  (1,92,94, 96) ,  on  the  other  hand,  indicates 
the  total  amount  of  respiration  during  a  definite  period,  and 
enables  the  oxygen  to  be  measured  in  bicarbonate  solutions, 
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and  by  working  out  the  results  for  a  number  of  successive 
periods,  the  course  of  the  reaction  can  be  followed. 

The  respiratory  carbon  dioxide  is  not  absorbed  in  this  technique 
but  advantage  is  taken  of  the  fact  that  carbon  dioxide  is  more 
readily  soluble  than  oxygen  in  water.  Therefore,  the  manometer 
readings  will  be  the  resultant  of  the  oxygen  absorption  and  the 
carbon  dioxide  production.  Three  Barcroft  or  Warburg  ma¬ 
nometers  and  vessels  are  required  in  this  method  for  a  single 
experiment,  one  set  being  used  as  a  thermobarometer.  The 
other  two  vessels  contain  equal  amounts  of  the  respiring  material 
suspended  in  unequal  amounts,  3  and  8  ml.,  respectively,  of  a  fluid 
medium  such  as  0.025  M  bicarbonate-Ringer  solution  or  the 
physiological  salt  solution  recommended  by  Krebs  and  Henseleit 

If  the  sample  of  material  consists  of  excised  tissue  slices,  these 
may  be  sectioned  to  the  proper  thickness  (4.7  X  10~1 2  cm.)  ac¬ 
cording  to  Warburg’s  technique  (93),  or  by  the  method  of 
Thomas  and  DeEds  (85),  usually,  20  to  50  mg.  of  moist  weight 
are  taken.  Samples  such  as  a  homogeneous  suspension  of  yeast 
cells  or  bacteria  may  be  prepared  in  bicarbonate-Ringer  solution 
and  the  two  different  volumes  measured  directly  into  the  vessels. 
The  flasks  used  in  this  particular  technique  must  be  equipped 
with  venting  plugs  and  outlets  for  passing  in  a  gas  mixture  con¬ 
sisting  of  95  per  cent  oxygen  and  5  per  cent  carbon  dioxide.  This 
not  only  keeps  the  bicarbonate-Ringer  solution  in  equilibrium 
with  the  gas  mixture  but  prevents  the  precipitation  of  calcium 
carbonate  as  the  solution  becomes  alkaline  upon  exposure  to  the 
air. 

If  h  and  H  are  the  respective  readings  for  the  same  time 
interval,  and  assuming  that  the  respiration  rate  of  the  sample 
is  the  same  in  both  manometers,  the  following  relationship 
may  be  expressed,  where  k  and  K  are  the  respective  vessel  con¬ 
stants: 

Oxygen  uptake  =  ^22? - IIKco, 

fccog  Aqo, 


ml.  of  30  per  cent  potassium  hydroxide  in  the  adjacent  side  arm  or 
the  central  well  (inset)  of  the  flask.  (This  step  of  the  procedure 
can  be  modified  to  meet  the  individual  requirements  of  the  ma¬ 
terial  being  studied  and  will  vary  with  the  type  of  vessel  used.) 

3.  Assemble  the  manometer  and  flask  and  attach  to  the 
shaking  mechanism,  thus  submerging  the  flask  in  the  thermostat. 
Shake  for  about  10  minutes  to  allow  the  system  to  become 
equilibrated  at  the  desired  temperature. 

4.  Remove  the  unit  from  the  shaker,  detach  flask,  and  insert 
sample  of  respiring  material  into  main  compartment  of  vessel. 
Then  reassemble  the  unit  and  return  it  to  the  shaker.  Record 
time  A  as  soon  as  the  sample  is  placed  in  the  vessel  and  regard 
this  as  the  beginning  of  the  period  of  carbon  dioxide  production. 

5.  Shake  for  3  minutes  to  allow  respirometer  to  reach  tem¬ 
perature  of  bath,  then  adjust  indicating  fluid  to  the  150-mm. 
mark,  and  note  reading  B,  on  the  open  arm  of  the  manometer, 
together  with  time  C.  Close  stopcock.  C  is  regarded  as  the 
beginning  of  the  period  of  oxygen  consumption.  The  apparatus 
is  then  allowed  to  operate  for  the  duration  of  the  experiment. 

6.  Record  time  D  at  the  termination  of  the  oxygen  con¬ 
sumption  period  and  then  adjust  the  manometer  fluid  to  the 
150-mm.  mark,  followed  by  reading  E.  The  length  of  the  oxygen 
consumption  period  will  then  be  D  —  C;  the  amount  of  oxygen 
consumed  will  be  represented  by  B  —  E. 

7.  Remove  manometer  from  shaker  and  turn  the  unit  in  such 
a  position  as  to  permit  the  acid  in  the  side  arm  of  the  vessel  to 
flow  into  the  alkali,  thus  liberating  the  carbon  dioxide  absorbed. 
Return  manometer  to  thermostat  and  shake  again  for  3  min¬ 
utes.  Adjust  indicating  fluid,  followed  by  reading  F  and  time 
G.  G  marks  the  end  of  the  period  of  carbon  dioxide  production. 

In  making  a  series  of  determinations  with  the  Warburg  respir¬ 
ometer,  a  control  unit  without  respiring  material  (thermobarom¬ 
eter)  must  be  subjected  to  the  same  conditions,  reagents,  and 
treatment  as  the  series.  This  provides  a  correction  for  any 
temperature  and  external  pressure  changes  dining  the  experi¬ 
ment  and  for  any  dissolved  carbon  dioxide  in  the  reagents. 

Consideration  must  also  be  given  to  certain  other  factors 
if  the  above-mentioned  methods  are  to  represent  the  true 
respiration  of  the  tissue  slice  or  cell  suspension  in  question. 
As  previously  stated,  the  kinetics  of  gas-liquid  reactions  can 
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By  the  application  of  the  same 
principle,  carbon  dioxide  assimilation 
as  compared  with  respiration,  fer¬ 
mentation  as  compared  with  respira¬ 
tion,  and  butyric  acid  fermentation 
as  compared  with  lactic  acid  fer¬ 
mentation  can  be  measured  mano- 
metrically.  The  indirect  method  has 
been  of  considerable  value  in  the 
study  of  animal  tissue  respiration 
under  physiological  conditions,  es¬ 
pecially  in  the  investigation  of 
tumors.  It  has  been  improved  upon 
by  Dickens  and  Simer  (19)  and  more 
directly  by  Dixon  and  Keilin  (23). 

A  brief  outline  of  the  various  steps 
involved  in  making  concurrent  meas¬ 
urements  of  the  oxygen  consumption 
and  carbon  dioxide  production  ac¬ 
cording  to  the  direct  method  may 
be  given  as  follows: 

1.  Determine  experimentally  the 
time  periods  required  for  temperature 
adjustment.  (This  can  be  done  by 
placing  the  vessels  in  the  bath  under 
experimental  conditions  and  observing 
the  time  necessary  to  bring  the  mano- 
metric  fluid  to  a  constant  level  with 
the  stopcock  of  the  manometer  closed.) 

2.  Place  in  the  side  arm  of  the  flask  a 
definite  amount  of  a  dilute  acid,  usually 
0.5  ml.  of  N  hydrochloric  acid,  and  0.2 


Table  II.  Applications 


Function 

Refer¬ 

Material  Studied 

Measured 

Apparatus  Used 

Accuracy 

ence 

Date 

Amino  acids 

CO2  evolved 

Warburg 

(.68) 

1938 

Arginase  (blood) 

CO2  evolved 

Warburg 

0.003  mg. 

urea 

(97) 

1934 

Ascorbic  acid  oxidation 

O2  uptake 

Barcroft 

(7) 

1936 

Bacterial  growth 

O2  uptake 

Warburg 

... 

(36) 

1941 

Beer  oxidation 

O2  consumed 

Warburg 

... 

(61) 

1940 

Carboxylase 

CO2  evolved 

Dixon-Keilin 

... 

(36) 

1941 

Catecholase 

O2  absorption 

Barcroft 

±2-3% 

(68) 

1941 

Coenzyme  I  (tissues) 

CO2  evolved 

Warburg 

10% 

(3) 

1939 

Coffee  oxidation 

O2  absorbed 

Warburg 

(m 

1938 

Cozymase 

CO2  evolved 

Warburg 

±6.03  iig 

(40) 

1941 

Enzyme  purification 

O2  uptake 

Warburg 

.  .  . 

(4,9,27) 

1935 

Fatty  acid  oxidation 

O2  uptake 

Warburg 

(8,  69) 

1938 

Fatty  oils  oxidation 

O2  absorption 

Warburg 

i%> 

(43) 

1941 

Germicides  (evaluation) 

O2  uptake 

Warburg 

(36) 

1941 

Glutathione  (tissues) 

CO2  production 

Warburg 

<6% 

(100) 

1935 

Glyoxalase 

CO2  production 

Warburg 

2% 

(60) 

1934 

Gases  (microanalysis) 

N2  fixation 

O2  absorption 

Warburg 

.  .  . 

(16) 

1932 

Grains  (cereal) 

CO2/O2 

Warburg 

(84) 

1942 

Hydrogen  transport  (mech¬ 

anism) 

O2  uptake 

Warburg 

.  .  . 

(61) 

1940 

Hydrogenations  (microcat- 

alytic) 

H2  absorption 

Barcroft  (mod.) 

=*=2% 

(39) 

1930 

Insulin  and  carbohydrates 

R.  Q. 

Warburg 

(38,  81 ) 

1940 

Narcotics  (brain  tissue) 

QO2  absorption 

Barcroft 

(63) 

1934 

Nitrifying  bacteria 

O2  consumption 

Warburg 

(12) 

1939 

Phenolase  (plant  tissues) 

O2  absorption 

Warburg 

2 "  5% 

(67) 

1935 

Photosynthesis  (algae) 

O2/CO2 

Warburg 

(SO) 

1940 

Sewage  effluents 

O2  absorption 

Barcroft 

(101) 

1936 

Sulfonamide  compounds 

(bacterial  metabolism) 

O2  consumption 

Warburg 

(47) 

1940 

Soils  (CO2  content) 

CO2  production 

Barcroft 

(79) 

1932 

Tea  fermentation 

62  uptake 

Warburg 

(64) 

1941 

Thiamine  (biological  ma¬ 

terials) 

CO2  production 

W  arburg 

102-105% 

recovery 

(33) 

1941 

Fermentometer 

2% 

(70) 

1942 

W  arburg-Summerson 

2% 

(44) 

1942 

Tubercle  bacilli  (metabol¬ 

ism) 

O2  consumption 

Warburg 

(46) 

1939 

Unsaturated  compounds 

H2  absorption 

Warburg 

O'.  5% 

(60) 

1934 

Urease  activity 

CO2  production 

Warburg 

(78) 

1941 

Volatile  substances  soluble 

in  water 

Ether 

Warburg 

(46) 

1937 

Wheat  respiration 

O2  uptake 

Fenn 

(2) 

1938 

Wood  sections 

O2  consumption 

Fenn 

(34) 

1940 
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be  recorded  manometrically  only  if  the  rates  so  observed  are 
independent  of  the  speed  of  shaking  of  the  vessel  and  of  the 
relative  volumes  of  the  liquid  and  gas  phases.  Otherwise, 
the  observed  rates  are  dependent  upon  the  speed  of  diffusion 
of  dissolved  gas  between  the  two  phases  and  also  on  the  true 
speeds  of  the  chemical  processes. 

Allowance  can  be  made  for  the  effect  of  diffusion  in  mano- 
metric  experiments  by  assuming  the  existence  of  a  stationary 
film  of  liquid,  at  the  boundary  between  the  liquid  and  gas 
phases,  diffusion  through  which  determines  the  rate  of  ex¬ 
change  of  gas  between  gas  and  liquid.  Roughton  (65)  has 
developed  an  excellent  method  of  allowing  for  the  influence 
of  diffusion  in  manometric  measurements  by  carefully  study¬ 
ing  the  kinetics  of  carbon  dioxide  uptake  and  output  by  buffer 
solutions,  in  the  presence  of  carbonic  anhydrase.  The 
method  is  based  upon  the  stationary  film  theory  of  gas-liquid 
interchange  which  states  that  when  solution  of  a  gas  occurs 
without  any  chemical  reaction 

Rate  of  gas  uptake  =  ^  A  (Ci  —  Cl)  (3) 

O 

where 

Di  =  diffusion  coefficient  of  dissolved  gas 
8  =  thickness  of  stationary  film 

A  =  area  of  stationary  film  in  sq.  cm. 

Ci  =  concentration  of  dissolved  gas  at  the  outer  surface 
of  the  stationary  film  =  a  Pi 
a  —  solubility  coefficient  of  the  gas  in  the  liquid 
Pi  =  pressure  of  the  gas  in  atmospheres 
Cl  =  average  molal  concentration  of  the  dissolved  gas  in 
the  bulk  of  the  liquid  phase 

Equation  3  is  also  valid  for  the  liberation  of  dissolved  gas 
from  liquid. 

Applications 

The  applications  and  general  usefulness  of  the  Barcroft- 
Warburg  apparatus  as  an  analytical  tool  for  biological  and 
chemical  research  can  hardly  be  overemphasized.  While  the 
greater  majority  of  workers  utilizing  this  instrument  have 
been  interested  chiefly  in  purely  biochemical  or  physiological 
problems,  it  nevertheless  has  been  and  can  be  used  to  con¬ 
siderable  advantage  by  workers  in  allied  fields.  Typical  ex¬ 
amples  of  the  diversified  applicability  of  this  equipment  will 
be  found  in  Table  II.  It  is  not  the  purpose  of  this  paper 
to  present  a  complete  bibliography,  but  rather  to  provide  a 
list  of  the  more  important  key  references  and  thereby  assist 
the  analyst  and  potential  user  to  select  those  methods  par¬ 
ticularly  suited  to  his  problems. 
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Microdetermination  of  Carbon  in  Steels 

Modification  of  the  Standard  Carbon-Hydrogen  Train 

EARL  W.  BALIS,  HERMAN  A.  LIEBHAFSKY,  and  EARL  H.  WINSLOW 
Research  Laboratory,  General  Electric  Company,  Schenectady,  N.  Y. 


IN  JUNE,  1940,  the  Metallurgical  Section  of  this  laboratory 
asked  the  authors  to  determine  low  percentages  of  carbon  in 
small  samples  of  Nichrome  for  the  purpose  of  establishing 
whether  certain  segregations  formed  in  this  alloy  during 
service  were  carbides  or  nitrides. 

Since  the  amounts  of  carbon  involved  were  far  too  small  for  the 
macrocombustion  method,  the  authors  developed  a  micromethod 
by  introducing  a  quartz  furnace  into  the  standard  carbon-hydrogen 
train  (£)  just  before  the  Supremax  combustion  tube  (universal 
filling).  A  modification  of  some  sort  is  necessary  because  com¬ 
bustion  in  ordinary  microanalysis  occurs  at  temperatures  far  be¬ 
low  the  minimum  of  1100°  to  1150°  C.  advisable  in  the  case  of 
steels.  More  recently,  Smoluchowski  (3)  requested  carbon  de¬ 
terminations  on  small  samples  to  corroborate  routine  analytical 
results  obtained  in  connection  with  experiments  on  the  diffusion 
of  carbon  in  steel.  For  this  work,  the  authors  modified  the  stand¬ 
ard  microtrain  in  another  way — by  slipping  a  furnace  directly 
over  the  first  part  of  a  standard  quartz  combustion  tube. 

Both  modifications  eventually  gave  satisfactory  results  and 
promise  to  be  particularly  useful  when  such  carbon  deter¬ 
minations  are  made  only  rarely,  so  that  the  setting  up  of  a 
special  train  is  not  warranted.  The  micromethod  of  Klinger, 
Koch,  and  Blaschczyk  ( 1 )  requires  a  special  train. 

Experimental 

Auxiliary  Combustion  Tube.  The  quartz  auxiliary  com¬ 
bustion  tube  (Figure  1)  was  calibrated  with  a  thermocouple  in 
the  position  of  the  boat,  G.  Standard  microchemical  technique 
was  observed  throughout  except  for  the  following  details.  Granu¬ 
lated  tin  served  as  accelerator.  A  weight  of  tin  equal  to  half  the 
weight  of  sample  sufficed,  although  much  more  was  occasionally 
added.  Before  steel  samples  were  run,  the  train  was  conditioned 
by  burning  an  unweighed  primer  of  sugar  in  the  conventional 
way.  The  auxiliary  combustion  tube  was  heated  to  900°  C.  in 


10  minutes  and  to  1150°  C.  in  25  minutes.  The  steel  sample 
usually  began  to  burn  with  a  bright  glow  3  or  4  minutes  after 
heating  was  begun.  After  30  minutes  of  heating  time  had 
elapsed,  the  current  was  interrupted,  and  the  train  was  flushed 
for  20  minutes  more.  An  oxygen  flow  of  5  cc.  per  minute  was 
maintained  for  the  entire  50-minute  period;  during  the  combus¬ 
tion  of  the  larger  samples,  the  rate  at  which  oxygen  was  intro¬ 
duced  had  to  be  increased  in  order  to  maintain  this  constant  flow. 
Suitable  blank  corrections  were  determined  from  time  to  time  on 
boats  containing  tin.  These  corrections,  usually  near  40  micro¬ 
grams  of  carbon  dioxide,  were  applied  to  the  analytical  results, 
which  are  given  in  Table  I. 

The  reliability  of  the  method  is  shown  by  the  last  three  re¬ 
sults,  which  were  obtained  on  a  standard  low-carbon  steel. 
Furthermore,  the  carbon  content  of  the  Nichrome  samples 


Table  I.  Results  with  Auxiliary  Combustion  Tube 


(Small  Nichrome  samples) 


Sample 

Sample  Weight 

Tin 

Carbon 

Mg. 

Mg. 

% 

318A 

4.19 

34 

0.4 

322D 

3.84 

32 

1.3 

325G 

4.10 

37 

1.1 

326A 

4.00 

24 

2.0 

2.24 

44 

2.0 

2.14 

20 

2.1 

3.81 

36 

2.2 

327D 

3.95 

33 

0.7 

3.75 

36 

0.7 

328C 

4.40 

29 

1.8 

2.99 

32 

1.6 

329F 

4.49 

37 

2.5 

51690“ 

23.8 

24 

0.24 

46.0 

46 

0.26 

20.6 

19 

0.26 

°  0.28%  C  by  routine  macromethod  on  this  low-carbon  steel. 
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Figure  1.  Cross  Section  of  Auxiliary  (Quartz)  Combustion  Tube 

A.  Bubble  counter 

B.  Impregnated  tubing 
Corks  faced  with  A1  foil 
Air  jets 

Niehrome  tape,  0.025  X  0.16  X  84  cm. 

Gold  foil  baffles 
Porcelain  boat 
Asbestos  tape 
Microcombustion  tube 


C. 

D. 

E. 

F. 

G. 

H. 
I 


ses  had  been  done,  it 
proved  possible  to  com¬ 
pare  the  two  methods  by 
measuring  the  deviations 
from  a  smooth  curve 
drawn  through  the  car¬ 
bon  contents  of  all  the 
samples  (Figure  2). 

-The  accuracy  of  the 
results  in  Table  II  can 
be  summarized  on  the 
basis  of  the  average  dif¬ 
ference  between  the 
amount  of  carbon  found 
and  the  carbon  content 
of  the  sample  calculated 
from  the  per  cent  ob¬ 
tained  on  the  smooth 
curve  referred  to  above. 
This  average  difference 
for  the  first  ten  results  in 
Table  II  amounts  to  only  13  micrograms  of  carbon,  in  spite 
of  the  fact  that  absolutely  uniform  samples  could  not  be  ob¬ 
tained.  If  the  worst  value  (0.488  per  cent  on  Sample  A1F)  is 
discarded,  the  average  difference  for  these  ten  results  drops  to 
7  micrograms  of  carbon.  The  average  difference  between  the 
carbon  found  and  the  true  value  for  the  Bureau  of  Standards 
sample  is  3  micrograms  of  carbon.  On  the  basis  of  the  latter 
figure,  0.1  per  cent  carbon  in  a  100-mg.  sample  of  steel  can  be 
determined  within  ±0.003  per  cent. 


Table  II.  Results  for  Diffusion  Specimens  of  Ordinary 
Low-Carbon  Steel 


Figure  2.  Plot  of  Graphically  Obtained 
Deviations 

A  Micro  results 
O  Macro  results 


paralleled  the  amount  of  the  segregated  phase  shown  by  the 
corresponding  photomicrographs.  This  phase  could  have 
been  only  a  carbide  or  a  nitride,  and  nitrogen  analyses  proved 
this  element  to  be  virtually  absent. 

When  the  work  was  begun,  devitrification  of  quartz  and 
failure  of  the  Niehrome  heating  units  were  expected;  20  hours 
of  operation  between  900°  and  1150°  C.,  however,  did  not 
impair  the  usefulness  of  the  furnace. 


Sample 

Average 

Sample 

Weight 

Tin 

Carbon 

Carbon 

Mg. 

Mg. 

% 

% 

A1F 

17.15 

30 

0.514 

0.501 

106.5 

50 

0.488 

A1G 

25.97 

30 

0.471 

0.465 

100.1 

50 

0.459 

A1H 

103  9 

50 

0 . 345 

0  354 

105.0 

50 

0.363 

A2D 

105.6 

50 

0.445 

0.449 

102.2 

50 

0  453 

A2E 

104.9 

50 

0.344 

0.347 

49.90 

25 

0.349 

B.  S.  13C“ 

14.12 

30 

0 . 539 

102.9 

50 

0.574 

105.3 

50 

0.571 

Bureau  of  Standards  sample  =  0.573%  C. 


Sleeve  Furnace.  In  the  hope  of  simplifying  the  apparatus, 
a  platinum-wound  furnace  (9  cm.  long)  was  constructed  so  that  it 
could  be  slipped  over  the  end  of  a  standard  quartz  microcom¬ 
bustion  tube  with  0.5-mm.  clearance.  During  the  combustion 
period,  this  furnace  was  placed  0.5  cm.  from  the  entrance  end  of 
the  long  furnace  in  the  microtrain;  the  sample  boat  was  thus  in 
the  position  prescribed  for  the  regular  carbon  and  hydrogen 
microanalysis.  A  platinum  baffle  and  an  air  jet  were  used  to 
protect  the  cork  at  the  entrance  of  the  combustion  tube.  With 
this  sleeve  furnace,  1150°  C.  was  reached  in  5  minutes  and  main¬ 
tained  for  25  minutes  more;  otherwise  the  manipulation  was 
identical  with  that  described  above. 

The  authors  soon  discovered  that  the  standard  quartz  com¬ 
bustion  tube  (walls  about  0.8  mm.  thick)  was  too  thin  for  opera¬ 
tion  at  1150°  C.  After  one  failure  due  to  external  devitrification, 
quartz  of  1.5-mm.  wall  thickness  was  used  for  the  first  section  of 
the  tube;  operation  thereafter  was  satisfactory.  The  results  ob¬ 
tained  with  the  sleeve  furnace  are  given  in  Table  II. 

In  the  analysis  of  the  diffusion  specimens,  high  accuracy 
was  sought.  Sinc(e  the  specimens  for  the  microdetermination 
were  taken  from  between  others  on  which  careful  macroanaly- 


Summary 

1.  The  standard  carbon-hydrogen  microapparatus  can  be 
readily  adapted  to  the  microanalysis  for  carbon  in  low-carbon 
steels  or  Nichromes. 

2.  In  a  100-mg.  sample  of  steel  0.1  per  cent  carbon  can  be 
determined  within  ±0.003  per  cent. 

3.  The  method  is  particularly  useful  where  only  a  few 
samples  are  to  be  analyzed  at  rare  intervals. 

4.  No  attempt  was  made  to  speed  up  the  determinations. 

5.  The  usual  quartz  combustion  tubes  are  not  suitable  for 
continued  use  at  1150°  C. 
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Ultramicromethod  for  Sodium  Employing 

the  Polarograph 

CHRISTOPHER  CARRUTHERS 

Research  Department,  The  Rarnard  Free  Skin  and  Cancer  Hospital,  St.  Louis,  Mo. 


IN  INVESTIGATIONS  of  the  chemical  composition  of 
isolated  mouse  epidermis,  and  of  that  epidermis  under¬ 
going  carcinogenesis  by  methylcholanthrene  ( 8 ,  7),  the  very 
small  amounts  of  tissue  available  necessitated  the  adoption  of 
micromethods  for  the  determination  of  most  constituents. 
This  was  especially  true  for  sodium.  For  that  metal,  a  polaro- 
graphic  technique  was  devised  which  depends  upon  the  fact 
that  sodium  zinc  uranyl  acetate  in  dilute  hydrochloric  acid 
solution  can  give  well-defined  diffusion  currents  which  are 
directly  proportional  to  the  concentration  of  the  triple  acetate 
salt. 

Apparatus  and  Reagents  Used 

Heyrovsky  polarograph,  model  XI  (E.  H.  Sargent  &  Co.). 
Redistilled  water  for  sodium  standards,  washing,  and  other 
operations,  prepared  in  an  all-glass  (Pyrex)  apparatus. 

Zinc-uranyl  acetate  solution,  prepared  according  to  the  method 
of  Barber  and  Kolthoff  (1).  This  solution  was  saturated  with  the 
triple  acetate  salt  and  filtered  just  before  use  through  a  sintered- 
glass  disk  covered  with  a  layer  of  asbestos. 

Wash  solution,  made  by  saturating  95  per  cent  alcohol  with 
sodium  zinc  uranyl  acetate,  and  filtering  immediately  before  using 
as  described  above. 

Asbestos  (“Italian  washed  and  ignited”),  ground  fine  in  a  mor¬ 
tar,  washed  on  a  sintered-glass  filter,  and  suspended  in  redistilled 
water. 

Experimental 

The  calibration  data  (Table  I)  were  obtained  from  solutions 
of  carefully  prepared  sodium  zinc  uranyl  acetate  in  0.5  N 
hydrochloric  acid.  The  values  m  and  t  (where  m  is  the  rate 
of  flow  of  mercury  from  the  capillary,  expressed  in  mg.  per 
second,  and  t  is  the  drop  time  in  seconds,  /)  were  measured  in 
0.5  N  hydrochloric  acid  at  a  potential  of  —0.6  volt  with  re¬ 
spect  to  the  saturated  calomel  electrode.  The  diffusion  cur¬ 
rent,  id,  was  found  proportional  to  the  concentration,  C,  of 
sodium  zinc  uranyl  acetate  over  a  range  of  0.1625  to  0.975 
millimolar,  with  or  without  caffeine.  This  compound  easily 
suppressed  occasional  maxima.  These  were,  however,  of  such 
rare  occurrence  that  the  diffusion  currents  could  be  measured 
with  or  without  the  alkaloid.  The  diffusion  current  and  the 
ratio  id/ C  for  any  particular  concentration  were  significantly 


less  in  the  presence  of  caffeine.  At  the  dropping  mercury 
electrode,  uranium  is  probably  reduced  from  a  valence  of 
6  to  4.  It  was  impossible  to  measure  accurately  the  half-wave 
potential  with  the  author’s  instrument,  but  it  was  between 
—0.22  and  —0.26  volt  with  respect  to  the  saturated  calomel 
electrode.  Strubl  ( 6 )  found  that  solutions  of  uranyl  salts  in 
2  N  hydroxylamine  hydrochloride  gave  a  well-defined  wave 
with  a  half  wave  potential  of  —0.24  volt.  The  diffusion  cur¬ 
rent  was  directly  proportional  to  the  concentration  of  the 
uranyl  salts. 

Procedure  for  Solutions 

Solutions  free  of  phosphate  and  organic  material,  and  con¬ 
taining  only  small  amounts  of  potassium,  were  analyzed  as 
follows: 

After  evaporation  to  dryness  on  a  low-temperature  hot  plate 
in  50-cc.  Pyrex  beakers  (cleaned  with  chromic  acid  and  rinsed 
with  redistilled  water),  the  residues  were  taken  up  in  4  to  6  cc. 
of  zinc-uranyl  acetate  reagent  and  allowed  to  stand  at  nearly 
constant  temperature  for  several  hours  (or  overnight)  to  com¬ 
plete  the  precipitation.  This  was  carried  out  beneath  a  large 
inverted  crystallizing  dish,  under  which  was  also  placed  a  beaker 
of  water  to  minimize  evaporation.  When  precipitation  was  com¬ 
plete,  the  supernatant  fluid  was  removed  by  the  filter-stick 
method  of  Lindner  and  Kirk  ( 5 ).  For  this  purpose,  Pyrex  im¬ 
mersion  filter  tubes  (10-mm.  disk)  of  medium  porosity  were  used. 
The  precipitate  was  washed  with  several  2-cc.  portions  of  wash 
alcohol  solution. 

The  sodium  zinc  uranyl  acetate  in  the  beaker  and  on  the  filter 
stick  asbestos  pad  was  left  at  room  temperature  until  dry.  Then, 
an  accurately  measured  volume  of  0.5  N  hydrochloric  acid  was 
added  to  dissolve  the  triple  acetate  salt.  The  amount  of  acid 
used  had  to  be  sufficient  to  keep  the  diffusion  current  in  the  range 
of  the  calibration  curve.  It  was  not  difficult  to  estimate  this 
amount  of  hydrochloric  acid  after  some  trials.  The  solution  was 
passed  through  filter  paper  (to  remove  the  asbestos)  into  small 
“shell  vials”,  and  a  trace  of  caffeine  (Merck’s  anhydrous  powder) 
was  added.  Shell  vials  proved  to  be  excellent  containers  for  the 
electrolysis,  since  the  various  sizes  available  readily  accommodated 
different  amounts  of  solution,  and  the  dropping  mercury  elec¬ 
trode  could  be  placed  well  below  the  surface  of  the  liquid  to  main¬ 
tain  a  good  degree  of  submersion.  After  removing  the  oxygen 
by  a  stream  of  nitrogen  bubbles,  the  diffusion  current  was  meas¬ 
ured.  From  this  the  sodium  content  could  be  read  directly  from 
the  calibration  curve. 


Table  I.  Calibration  Data  for  Sodium  in  Sodium  Zinc  Uranyl  Acetate 

Various  concentrations  of  sodium  zinc  uranyl  acetate  in  0.5  N  hydrochloric  acid  at  25°  C.  Air  re¬ 
moved  from  solutions  with  nitrogen,  h  =  65  cm.  Diffusion  currents  measured  at  a  potential  of  —0.6 
volt  with  respect  to  saturated  calomel  electrode.  With  caffeine  t  =  3.385  sec.,  =  2.794  mg. 2/3 

sec.  _l/2.  Without  caffeine  t  =  3.512  sec.,  m2^H1/s  =  2.904  mg.5/3  sec. _1/2. 


Sodium  Zinc  Uranyl  . - id - .  - - id/C 

Acetate  Observed  Corrected 


Sodium 

With 

Without 

With 

Without 

With 

Without 

Millimolar 

equivalent 

Micro- 

caffeine 

caffeine 

caffeine 

caffeine 

caffeine 

caffeine 

grams/ cc. 

Microamperes 

Microamperes 

Microamp.  /mmole/ i. 

0.0 

0.200“ 

0.209“ 

0.1625 

3.47 

1.239 

1.348 

1.039 

i.i39 

6.39 

7.01 

0.260 

5.98 

1.871 

i.671 

6.42 

0.325 

7.47 

2.324 

2.629 

2.124 

2.420 

6.55 

7.44 

0.487 

11.21 

3.384 

3.707 

3.184 

3.497 

6.54 

7.18 

0.650 

14.95 

4.556 

5.026 

4.356 

4.817 

6.69 

7.41 

0.975 

22.43 

6.827 

7.336 

6.627 

7.127 

6.79 

7.31 

1.30 

29.90 

9.302 

10.337 

9.102 

10.128 

7.00 

7  79 

2.60 

59.80 

19.094 

21.270 

18.894 

21.062 

7.26 

8.10 

3.25 

74.80 

24.289 

27.378 

24.089 

27.169 

7.41 

8.36 

“  Residual  current  of  supportine  electrolyte  alone. 


Typical  recoveries  from  pure  solu¬ 
tions  of  sodium  chloride  are  shown  in 
Table  II.  The  accuracy  for  the  amounts 
of  sodium  taken  was  ±0.7  to  ±1.5 
per  cent.  Since  a  0.1625  millimolar 
solution  of  sodium  zinc  uranyl  acetate 
(equivalent  to  3.47  micrograms  of 
sodium  per  cc.)  has  a  diffusion  current 
greater  than  one  microampere,  it  is 
obvious  that  the  method  can  be  used 
for  determining  mere  traces  of  sodium. 

Procedure  for  Tissues 

In  biological  materials,  interfering 
substances  other  than  phosphate  and 
organic  compounds  are  rarely  found 
in  effective  concentrations  (5).  The 
following  procedure  has  been 
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Table  II.  Assay  of  Known  Sodium  Chloride  Solutions 


Sodium  Added 

Recovered0 

Difference 

Mg. 

Mg. 

Mg. 

0.0590 

0.0598 

-0.0008 

0.1574 

0.1560 

-0.0014 

0.1970 

0.2000 

+  0.0030 

0.2360 

0.2380 

+0.0020 

0.3147 

0.3124 

-0.0023 

0.3934 

0.3960 

+  0.0026 

°  Values  after  correcting  for  blanks. 


used  for  the  determinations  of  sodium  in  100  to  400  mg. 
(wet  weight)  of  epidermal  tissue. 

The  samples  were  ashed  at  450°  C.  (a  temperature  which  has 
been  shown,  5,  to  result  in  no  loss  of  sodium)  in  a  muffle  furnace 
until  all  the  organic  matter  was  destroyed.  The  ash  was  then  dis¬ 
solved  in  1  cc.  of  0.1  N  hydrochloric  acid  and  this  solution  washed 
out  of  the  crucibles  into  15-cc.  centrifuge  tubes  with  several  2-cc. 
portions  of  redistilled  water.  Phosphate  was  removed  by  the 
method  of  Butler  and  Tuthill  (2)  as  follows:  Calcium  hydroxide 
powder  was  added  to  the  solutions  in  the  centrifuge  tubes,  after 
which  they  were  stoppered  and  allowed  to  stand  with  occasional 
shaking  for  2  hours.  The  tubes  were  centrifuged  and  the  super¬ 
natant  liquid  was  decanted  into  clean  50-cc.  Pyrex  beakers,  2-cc. 
portions  of  water  were  added  to  each  centrifuge  tube,  the  stop¬ 
pers  returned,  and  the  tubes  agitated  until  the  calcium  hydroxide 
was  resuspended.  Centrifugation  was  repeated,  and  the  super¬ 
natant  wash  fluid  was  decanted  into  the  respective  beakers. 


Three  washings  of  the  calcium  hydroxide  were  carried  out.  The 
phosphate-free  solutions  were  evaporated  to  dryness  and  the 
sodium  content  was  determined  as  described  above.  Blanks  on 
the  hydrochloric  acid,  water,  and  calcium  hydroxide  were  neces¬ 
sary,  especially  for  the  last-mentioned  reagent. 

Summary 

It  has  been  shown  that  0.1625  to  0.975  millimolar  solutions 
of  sodium  zinc  uranylacetate  in  0.5  N  hydrochloric  acid  give 
well-defined  polarographic  diffusion  currents.  These  currents 
are  directly  proportional  to  the  concentration  of  the  triple 
acetate  salt.  The  use  of  this  technique  permits  the  determina¬ 
tion  of  exceedingly  small  amounts  of  sodium  as  in  limited 
samples  of  biological  material. 
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Electrographic  Detection  of  Molybdenum  in  Steel  Alloys 

J.  A.  CALAMARI,  ROBERT  HUBATA,  AND  P.  B.  ROTH,  Laboratory,  New  York  Medical  Depot,  Brooklyn,  N.  Y. 


MOLYBDENUM  may  be  detected  rapidly  by  spot  tests 
(4,  5)  and  tests  have  been  described  for  detecting 
molybdenum  in  steel  alloys  ( 1 ).  A  very  rapid  electrographic 
test  for  molybdenum  and  molybdenum  in  steel  alloys  is  de¬ 
scribed  here,  which  may  be  completed  in  a  few  seconds. 

When  molybdenum  or  molybdenum  alloy  is  made  the  anode 
in  a  neutral  or  slightly  acid  solution  of  nitrate  ion,  using  an 
e.  m.  f.  of  6  to  9  volts  and  a  current  of  0.5  to  1.0  ampere,  the 
anode  becomes  passive  (2)  and  the  molybdenum  and  iron 
enter  solution  as  molybdate  and  ferric  ion,  respectively. 
When  a  hydrochloric  acid  solution  of  stannous  chloride  and 
potassium  thiocyanate  is  added,  molybdenum  forms  a  com¬ 
plex  trivalent  molybdenum  thiocyanate,  yielding  a  carmine 
red  solution  (4)-  Trivalent  iron  is  reduced  to  divalent  by 
divalent  tin.  When  the  test  is  carried  out  electrographically, 
the  molybdate  is  precipitated  as  lead  molybdate  with  lead 
acetate  solution,  which  also  reduces  the  concentration  of 
other  soluble  heavy  metal  ions,  thereby  increasing  the  sensi¬ 
tivity  of  the  test. 

Apparatus  and  Test  Solutions 

The  equipment  and  procedure  are  identical  with  those  described 
in  electrographic  tests  (2,  S ). 

Test  Solution  A.  Dissolve  30  grams  of  sodium  nitrate,  reagent 
grade,  in  sufficient  distilled  water  to  make  100  ml.  and  filter. 

Test  Solution  B.  Dissolve  1  gram  of  lead  acetate,  A.  C.  S.,  in 
sufficient  distilled  water  to  make  100  ml.  and  filter. 

Test  solution  C.  Dissolve  30  grams  of  stannous  chloride, 
A.  C.  S.,  in  sufficient  hydrochloric  acid,  A.  C.  S.,  to  make  100  ml. 
and  add  to  an  equal  volume  of  molar  potassium  thiocyanate.  It 
is  advisable  to  mix  only  sufficient  quantity  of  the  two  solutions  to 
last  24  hours. 


Method 

Fold  ashless  filter  paper  to  form  a  wad  three  to  four  layers 
thick  and  then  dip  into  test  solution  A.  Place  the  moistened 
filter  paper  on  the  test  metal  anode  and  press  a  graphite  cathode 
about  7.5  cm.  (3  inches)  long  and  0.6  cm.  (0.25  inch)  in  diameter 
firmly  against  the  free  side  of  the  moistened  section  of  the  filter 
paper  for  about  1  second.  An  e.  m.  f.  of  about  6  to  9  volts  is  em¬ 
ployed  and  may  be  obtained  by  using  4  to  6  No.  6  dry  cell  batteries 
connected  in  series.  The  current  is  about  0.5  to  1.0  ampere.  A 
contact  of  about  3  seconds  is  recommended  for  molybdenum  steel 
alloys. 

Wash  the  moistened  end  of  the  filter  paper  with  test  solution  B 
to  remove  some  of  the  soluble  heavy  metal  ions  and  to  precipitate 
the  molybdate  and  fix  it  to  the  paper  as  lead  molybdate.  Add  a 
few  drops  of  test  solution  C  to  the  spot  on  the  side  of  the  filter 
paper  that  was  adjacent  to  the  test  metal.  The  trivalent  molyb¬ 
denum  thiocyanate  complex  formed  will  yield  a  carmine  red  stain. 

Molybdenum  steel  alloys  containing  0.2  per  cent  molyb¬ 
denum  and  upwards  have  been  tested.  The  intensity  of  the 
color  produced  increases  with  the  molybdenum  content  when 
the  current  density  and  time  remain  constant.  When  ferric 
ion  is  present,  red  ferric  thiocyanate  forms,  but  ferric  iron  is 
reduced  quickly  to  ferrous,  which  produces  a  pale  green 
stain  that  does  not  interfere  with  the  carmine  molybdenum 
thiocyanate  color. 
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Aii  Iodoform  Microtest  for  the  Higher 
Alcohols  and  Ketones 

FRANK  H.  STODOLA 
Columbia  University,  New  York,  N.  Y. 


IN  THE  study  of  the  lipides  of  the  tubercle  bacillus,  higher 
alcohols  such  as  d-eicosanol-2  (1,  7)  and  phthiocerol  (9) 
(C36H74O3)  have  been  among  the  many  compounds  isolated. 
To  prove  the  presence  or  absence  of  the  ■ — CH(OH)CH3 
grouping  in  these  alcohols,  it  was  hoped  that  the  widely  used 
iodoform  test  might  be  applied.  Unfortunately,  the  methods 
heretofore  described'  for  carrying  out  this  test  were  not  appli¬ 
cable  to  these  compounds.  Scarcity  of  material  or  insolubility 
in  water  prevented  the  use  of  procedures  based  on  the  isolation 
of  iodoform  for  a  melting  point  determination  or  microscopic 
study  (2-4)  • 

These  difficulties  have  now  been  circumvented  by  employ¬ 
ing  the  sensitive  color  test  described  by  Lustgarten  (5),  in 
which  iodoform  gives  a  deep  red  color  when  heated  with  re¬ 
sorcinol  and  potassium  hydroxide.  As  a  solvent  for  the  higher 
alcohols  and  ketones,  methanol  has  been  found  satisfactory. 
By  this  method  it  is  possible  to  detect  1  mg.  of  eicosanone-2 
or  3  mg.  of  the  corresponding  alcohol.  The  fact  that  the  al¬ 
cohols  can  be  used  directly  in  this  test  is  very  helpful  in  those 
cases  where  the  amount  of  material  is  insufficient  to  allow 
oxidation  to  the  ketone.  The  use  of  the  alcohol  is  also  of  ad¬ 
vantage  in  work  with  compounds  such  as  phthiocerol,  which 
cannot  be  converted  to  ketones  without  disrupting  the  mole¬ 
cule. 

The  test  was  positive  with  1-mg.  samples  of  p-phenylaceto- 
phenone,  methyl  octadecyl  ketone  (eicosanone-2),  methyl 
pentadecyl  ketone,  o-benzoxyphenyl  acetone,  methyl-/3- 
naphthyl  ketone,  and  benzoyl  acetone  and  with  3-mg.  samples 
of  d-eicosanol-2  and  5,5-dimethyl-2,4-hexanediol.  It  was 
negative  with  citric  acid,  hydantoin,  mannitol,  benzophenone, 
biphenylene  oxide,  tricarballylic  acid,  benzyl  sulfonamide,  and 
acetyldurene. 

Apparatus 

The  formation  of  iodoform  is  carried  out  in  a  Pyrex  test  tube, 
A,  2.5  cm.  in  length.  This  tube  is  made  by  fire-polishing  the 
open  end  (7  mm.  in  inside  diameter)  until  this  dimension  is  re¬ 
duced  to  4  to  5  mm. 

The  reaction  between  the  iodoform  and  resorcinol-potassium 
hydroxide  takes  place  in  a  Pyrex  test  tube,  B,  4  cm.  long  and  7 
mm.  in  inside  diameter.  A  medicine  dropper  having  an  open¬ 
ing  of  1.5  mm.  is  used  to  transfer  the  contents  of  tube  A  to  tube 
B.  If  the  opening  is  smaller  than  this,  some  difficulty  may  be 
encountered  from  solidification  of  the  solution  during  transfer. 

Reagents 

Solution  I.  Three  grams  of  potassium  hydroxide  are  dissolved 
in  2  cc.  of  water  and  18.7  cc.  (15  grams)  of  pure  methanol  are 
added.  This  solution  is  stored  in  a  glass-stoppered  flask  equipped 
with  a  medicine  dropper. 

Solution  II.  Pure  methanol  is  saturated  with  iodine  with 
gentle  warming.  It  is  kept  in  the  same  manner  as  the  alcoholic 
potassium  hydroxide  solution. 

The  Color  Test 

Blank  Test.  The  reagents  are  tested  as  follows:  Five  drops 
of  solution  I  are  pipetted  into  tube  A,  and  to  this  solution  solu¬ 
tion  II  is  added  dropwise  until  a  brown  color  persists.  The  tube 
is  held  for  5  minutes  in  a  water  bath  at  60°  C.  and  then  cooled 
to  room  temperature.  Sufficient  powdered  potassium  hydroxide 
is  added  to  discharge  the  brown  color.  This  is  accomplished  by 
rotating  the  tube  on  its  side,  to  make  sure  that  the  entire  inner 
surface  is  moistened. 

In  tube  B  are  placed  a  few  milligrams  of  resorcinol,  which  is 


then  covered  with  a  thin  layer  of  powdered  potassium  hydroxide. 
This  mixture  is  made  slightly  moist  by  the  addition  of  a  small  drop 
of  water.  Tube  B  is  then  heated  on  an  asbestos-covered  hot 
plate  until  bubbles  appear.  Without  removing  the  tube  from 
the  hot  plate,  several  drops  of  solution  from  tube  A  are  at  once 
dropped  on  the  resorcinol-potassium  hydroxide  mixture.  One 
minute  of  heating  should  give  only  a  pale  green  color. 

The  material  under  investigation  is  tested  as  follows:  Because 
some  compounds  discolor  on  warming  with  alkali  or  give  a  red 
color  with  heated  potassium  hydroxide-resorcinol,  it  is  necessary 
to  carry  out  a  blank  on  I  mg.  of  the  compound.  The  material  is 
placed  in  a  small  test  tube  and  warmed  at  60°  for  several  minutes 
with  5  drops  of  solution  I.  A  slight  discoloration  does  not  inter¬ 
fere  with  the  test;  a  deep  color  shows  the  compound  to  be  un¬ 
suitable  for  investigation.  Several  drops  of  this  solution  on  addi¬ 
tion  to  heated  potassium  hydroxide-resorcinol  should  cause  no 
change  in  the  pale  green  color  of  the  potassium  hydroxide-resor¬ 
cinol.  The  compounds  used  in  this  study  met  these  require¬ 
ments. 

Test  on  Ketones.  Five  drops  of  solution  I  are  pipetted  into 
tube  A,  containing  1  mg.  of  the  ketone  to  be  tested.  The  tube 
is  held  in  a  water  bath  until  the  compound  is  in  solution,  and 
solution  II  is  added  dropwise  until  the  brown  color  appears. 
The  tube  is  placed  in  a  water  bath  at  60  0  for  3  to  4  minutes,  solu¬ 
tion  II  being  added  from  time  to  time  to  restore  the  brown  color. 
Sufficient  powdered  potassium  hydroxide  is  finally  added  to  dis¬ 
charge  the  brown  color  when  the  tube  is  rotated  on  its  side.  If 
considerable  iodoform  is  present,  a  yellow  color  may  remain. 

In  tube  B  are  placed  a  few  milligrams  of  resorcinol,  which  is 
covered  by  a  thin  layer  of  powdered  potassium  hydroxide.  A 
small  drop  of  water  is  added  to  make  the  mixture  slightly  moist. 
Tube  B  is  then  placed  on  an  asbestos-covered  hot  plate  and  when 
bubbles  begin  to  appear,  several  drops  of  the  solution  in  tube  A 
are  added.  If  the  compound  tested  is  a  methyl  ketone,  a  deep 
red  color  is  observed  in  less  than  15  seconds. 

Test  on  Alcohols.  Eight  drops  of  solution  I  are  pipetted 
into  tube  A  containing  3  mg.  of  the  alcohol  to  be  tested.  The 
solution  is  warmed  until  the  compound  has  dissolved  and  an  ex¬ 
cess  of  solution  II  is  then  added.  The  tube  is  kept  in  a  water 
bath  at  60°  for  3  minutes.  By  this  time,  the  brown  color  will 
have  faded,  so  more  of  solution  II  is  added  to  restore  it.  The 
solution  is  heated  for  another  2  minutes  at  60°  C.  One  drop  of 
solution  I  is  added  and  then  an  excess  of  solution  II.  After  an¬ 
other  3  minutes  of  heating  at  60°  C.,  excess  powdered  potassium 
hydroxide  is  added.  This  solution  is  added  dropwise  to  mois¬ 
tened  potassium  hydroxide-resorcinol  on  the  hot  plate.  If  the 
alcohol  is  capable  of  being  oxidized  to  a  methyl  ketone,  a  deep 
red  color  results  in  a  very  short  time. 

Limitations  of  the  Method 

Some  halogen  compounds  [CC13CH(0H)2,  CCl3CHOH.- 
NHCHO,  CCl3COOH,  and  C6H2.C130H]  have  been  observed 
by  Ware  (11)  to  give  red  colors  when  heated  with  resorcinol  and 

OH 

potassium  hydroxide.  In  this  laboratory  CC13.CH — COOH 
was  found  to  behave  similarly;  hence  care  must  be  taken 
in  the  interpretation  of  results  with  halogen  compounds. 

The  sterically  hindered  ketone,  acetyldurene,  was  found  to 
give  a  negative  test.  This  is  to  be  expected  on  the  basis  of  the 
behavior  of  acetylmesitylene  observed  by  Fuson  and  Tullock 
(4).  For  other  anomalous  haloform  reactions,  see  Suknevich 
and  Chilingaryan  (10),  Slotta  and  Neisser  (8),  and  Paggi  (6). 
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Detection  of  Zirconium  with  5-Chlorobromamine 

Acid 

JOHN  H.  YOE  AND  LYLE  G.  OYERHOLSER,  University  of  Virginia,  Charlottesville,  Va. 


BROMAMINE  acid  is  the  name  used  by  dye  chemists  for 
the  sodium  salt  of  l-amino-4-bromo-2-anthraquinone- 
sulfonic  acid.  A  number  of  substituted  bromamine  acids 
react  with  the  tri-  and  tetra valent  cations  in  aqueous  medium, 
giving  red  precipitates.  In  acid  solution,  the  reactivity  is 
limited  to  only  a  few  ions,  of  which  the  reaction  with  zir¬ 
conium  is  the  most  sensitive.  The  chloro  derivatives — 
namely,  5-chloro-,  6-chloro-,  and  7-chlorobromamine  acid — 
were  found  to  be  the  most  selective  of  the  substituted  brom¬ 
amine  acids  studied.  Although  these  three  compounds 
behave  similarly,  the  5-chloro  derivative  is  recommended 
because  of  its  slightly  more  selective  reactions.  The  chloro- 
bromamine  acids  give  heavy  bright  red  precipitates  with 
cadmium,  copper,  cobalt,  nickel,  palladium,  and  zinc  in 
ammoniacal  medium. 

Although  the  attempted  application  of  5-chlorobromamine 
acid  as  a  quantitative  precipitant  for  zirconium  was  un¬ 
successful,  the  reagent  may  be  used  for  the  detection  of  zir¬ 
conium. 

Reagents 

5-Chlorobromamine  Acid.  The  compound  was  obtained 
from  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.  A  50  per  cent 
acetone-water  solution  containing  2  mg.  per  ml.  of  the  reagent 
was  used. 

Zirconium.  A  stock  solution  containing  1  mg.  of  zirconium 
per  ml.  and  0.2  M  with  respect  to  nitric  acid  was  prepared  from 
zirconium  nitrate  and  was  diluted  with  water  to  the  desired  con¬ 
centration. 

Nitric  Acid.  A  2  M  solution  was  employed. 

Procedure 

Transfer  0.05  ml.  of  the  test  solution  to  a  depression  in  a  white 
tile  spot  plate,  and  add  0.05  ml.  of  nitric  acid  and  finally  0.03  ml. 
of  the  5-chlorobromamine  acid  solution.  Shake  the  spot  plate 
continuously  for  several  minutes  before  making  the  observations. 
A  blank  prepared  in  the  same  manner,  except  that  distilled  water 
is  added  in  place  of  the  test  solution,  should  be  used  for  compari¬ 
son.  Occasionally,  the  blank  may  have  a  small  amount  of  a  pale 
red  colored  precipitate,  which  floats  on  the  surface  of  the  liquid 
and  has  the  appearance  of  a  slight  scum.  This  should  not  be 
confused  with  the  precipitate  formed  in  the  presence  of  zirconium, 
which  is  more  granular  and  darker  colored  and  settles  to  the 
■bottom  of  the  solution. 

Characteristics  of  Reaction 

The  reaction  rate  is  dependent  upon  agitation  of  the 
solution,  the  concentration  of  zirconium  and  of  the  reagent, 
and  the  type  and  concentration  of  acid  present.  Continuous 
shaking  hastens  the  formation  of  the  precipitate.  At  the 
higher  concentrations  of  zirconium  the  reaction  rate  is  faster 
than  at  the  lower.  The  use  of  a  higher  concentration  of  the 
reagent  hastens  the  precipitation  but  may  cause  interference. 
The  reaction  rate  is  about  the  same  in  nitric  or  hydrochloric 
acid  but  the  latter  tends  to  cause  increased  interference  by  the 


reagent.  The  reaction  rate  is  greatest  at  low  concentrations 
of  nitric  acid  and  decreases  markedly  with  increasing  acid 
concentration — for  instance,  using  a  zirconium  concentration 
of  10  p.  p.  m.  and  0.05  ml.  of  0.3  M  nitric  acid,  the  precipitate 
forms  within  a  minute;  with  2  M  acid,  2  to  3  minutes  are 
required.  The  2  M  acid  is  recommended,  despite  the  slower 
reaction  rate,  to  avoid  interference  by  a  number  of  ions. 


Table  I.  Limiting  Concentration 

Limiting 

Concentration 


Ion  Mg. /ml. 

Na+  20 

Ba  +  +,  Ca  +  +,  Sr  +  +,  K+  10 

Cd  +  +,  Co  +  +,  Cu  +  +,  Mg  +  +,  Mn  +  +,  NH,+  5 

Ni  +  +,  Pb  +  +,  Zn  +  +  5 

Rare  earths*,  Fe  +  +  +,  Ga  +  +  +,  Hg  +  +,  In  +  + +,  Sc  + + +,  Y  +  + +  1 

Ce  +  +  +  +  0.03 

Be++  o  25 

Al  +  +  \  Cr  +  +'+,  Th  +  +  +  +,  Ti  +  +  +  +  O.'l 

po< — ,  so*--  1 

*  Trivalent  ions. 


Interference 

In  testing  for  the  interference  of  the  various  ions,  the  pro¬ 
cedure  previously  given  was  followed  using  a  zirconium  solu¬ 
tion  containing  10  p.  p.  m.  Solutions  of  the  ions  alone,  and 
mixtures  of  zirconium  and  the  respective  ions  were  used. 
Suitable  blanks  were  used  in  all  cases.  Interference  was 
noted  if  the  ions  gave  a  precipitate  in  the  absence  of  zirconium 
and  if  precipitation  was  prevented  or  the  character  of  the 
precipitate  altered  in  the  mixtures  of  the  ions  and  zirconium. 
The  limiting  concentrations  given  in  Table  I  are  for  a  zir¬ 
conium  concentration  of  10  p.  p.  m.  At  higher  zirconium 
concentrations  they  are  somewhat  greater. 

Phosphate  and  sulfate  prevent  the  formation  of  the  pre¬ 
cipitate.  Fluoride  must  be  absent.  In  the  case  of  aluminum, 
beryllium,  chromium,  ferric,  thorium,  and  titanium  ions, 
mixtures  consisting  of  zirconium  and  the  respective  ions  were 
precipitated  as  the  hydroxides,  the  precipitates  were  filtered 
off  and  dissolved  in  nitric  acid,  and  the  interference  was 
determined  under  conditions  comparable  to  the  preceding 
interference  studies.  The  results  were  comparable  to  those 
listed  in  Table  I. 

Sensitivity 

In  the  absence  of  interfering  ions,  the  minimum  concen¬ 
tration  of  zirconium  that  may  be  detected  is  2  p.  p.  m.  About 
5  minutes  of  continuous  shaking  are  required  and  a  blank 
must  be  used.  The  reaction  rate  is  slow  at  5  p.  p.  m.  A 
zirconium  concentration  of  not  less  than  10  p.  p.  m.  (0.5  micro¬ 
gram  in  0.05  ml.)  is  recommended. 


Colorimetric  Determination  of  Cobalt 

with  Terpyridyl 

M.  L.  MOSS  WITH  M.  G.  MELLON,  Purdue  University,  Lafayette,  Ind. 


IN  STUDYING  the  terpyridyl  method  for  iron  (2),  inter¬ 
ference  by  cobalt  was  found  to  result  from  formation  of  an 
orange,  complex  ion  of  cobalt  and  terpyridyl.  The  con¬ 
stitution  of  the  complex,  according  to  Morgan  and  Burstall 
( 1 ),  is  analogous  to  that  of  the  ferrous  complex  in  which  two 
molecules  of  the  triamine  are  held  by  coordinate  forces  around 
the  octahedral  structure  of  the  metal.  The  two  molecules  of 
the  base  are  believed  to  he  in  perpendicular  planes  deter¬ 
mined  by  the  nitrogen  atoms. 

2,2/-Bipyridyl  and  1,10-phenanthroline  contain  the  same 
iron-specific  cyclic  N — C — C — N  group  and  both  are  excellent 
reagents  for  iron,  but  neither  gives  sufficient  color  with  cobalt 
to  be  of  interest.  2-Pyridylhydrazine  also  gives  colors  with 
cobalt  and  iron  but  is  not  a  satisfactory  reagent  for  either. 

The  proposed  method  is  simple  and  direct,  requiring  only 
the  addition  of  terpyridyl  reagent  to  a  solution  of  cobaltous 
ion  and  measurement  of  the  color  which  immediately  develops. 

Experimental  Work 

Solutions  and  Apparatus.  The  color-forming  reagent  was  a 
0.1  per  cent  aqueous  solution  of  terpyridyl  (2,6-di-2'-pyridylpyri- 
dine)  hydrochloride  calculated  on  the  basis  of  the  free  triamine. 

Standard  solutions  of  cobalt  nitrate  containing  0.5  and  0.05 
mg.  cobalt  per  ml.  were  prepared  by  dissolving  the  desired  amount 
of  the  hexahydrate  of  reagent  grade  in  redistilled  water  and  mak¬ 
ing  appropriate  dilutions. 

Adjustments  of  pH  were  made  with  6  N  solutions  of  ammonium 
hydroxide  and  hydrochloric  acid  and  buffering  was  accomplished 
with  small  quantities  of  a  20  per  cent  ammonium  acetate  solution. 

Standard  solutions  of  the  anions  studied  were  prepared  from 
the  alkali  metal  salts  in  most  cases.  Nitrates,  chlorides,  and  sul¬ 
fates  were  used  for  the  cations.  Each  solution  contained  10  mg. 
of  the  ion  in  question  per  ml. 

Transmittancy  measurements  were  made  with  a  General  Elec¬ 
tric  recording  spectrophotometer  set  for  a  spectral  band  width 
of  10  mix  and  pH  values  were  measured  with  a  glass  electrode 
meter. 

Color  Reaction.  Three  to  5  ml.  of  the  reagent  solution  should 
be  used  for  0.25  mg.  of  cobalt,  or  10  p.  p.  m.  in  25  ml.  The  slight 
increase  in  color  intensity  produced  by  doubling  the  quantity  of 
reagent  is  not  significant.  Approximately  the  same  amount  of 
reagent  is  required  for  0.25  mg.  of  iron.  The  hue  is  orange  and 
absorption  maxima  occur  at  445  and  505  m/x.  A  weak  band  at 
about  553  m/j  can  be  isolated  with  an  instrument  operating  on  a 
spectral  band  width  of  5  m^  or  less.  The  molecular  extinction 
coefficient  at  505  nLu  is  1360. 

Effect  of  pH.  An  exceptionally  wide  variation  in  pH  is 
permissible,  no  effect  on  the  intensity  or  hue  resulting  from 
changes  between  2  and  10.  This  range  is  even  wider  than 
that  permissible  in  the  determination  of  iron  with  terpyridyl. 

Effect  of  Cobalt  Concentration.  Beer’s  law  is  valid 
for  cobalt  concentrations  between  0.5  and  50  p.  p.  m.,  the 
range  most  suitable  for  determinations  with  a  1-cm.  trans¬ 
mission  cell.  Transmission  curves  for  various  concentrations 
are  shown  in  Figure  1. 

Stability  of  Color.  The  cobalt  complex  contains  an 
excess  of  1  electron  over  the  number  required  for  maximum 
stability.  Fading  occurs  within  24  hours  at  pH  3,  neces¬ 
sitating  the  use  of  freshly  prepared  standards  if  the  color 
measurements  are  to  be  made  visually.  A  slight  improve¬ 
ment  was  observed  at  pH  9,  although  the  cobalt  complex 
appears  to  be  much  less  stable  than  the  corresponding  ferrous 
complex  in  any  case.  Transmission  values  for  the  solutions 
represented  in  Figure  1  increased  2  to  3  per  cent  in  24  hours. 


Effect  of  Diverse  Ions.  In  determining  the  extent  of 
interference  by  diverse  ions,  the  following  procedure  was 
adopted: 

The  desired  volume  of  solution  containing  the  ion  under  con¬ 
sideration  was  added  to  a  25-ml.  volumetric  flask  containing 
0.25  mg.  of  cobalt  measured  as  cobalt  nitrate  solution.  After 
addition  of  10  ml.  of  water  and  3  ml.  of  reagent,  the  solution  was 
diluted  to  the  mark  and  the  transmittancy  curve  run,  using  2-cm. 
transmission  cells  with  water  in  the  blank  cell. 

The  following  ions  may  be  present  in  concentrations  ex¬ 
ceeding  500  p.  p.  m.  without  causing  more  than  2  per  cent 
error  in  the  determination  of  10  p.  p.  m.  of  cobalt:  aluminum, 
ammonium,  barium,  beryllium,  calcium,  lead,  lithium,  mag¬ 
nesium,  manganese,  potassium,  sodium,  strontium,  thorium, 
acetate,  arsenate,  bromide,  carbonate,  chloride,  citrate, 
fluoride,  iodide,  nitrate,  nitrite,  orthophosphate,  oxalate, 
pyrophosphate,  silicate,  sulfate,  sulfite,  tetraborate,  thio¬ 
cyanate,  and  thiosulfate. 

The  ultimate  effect  of  the  interfering  ions  is  summarized  in 
Table  I,  which  shows  the  approximate  limiting  concentrations 
permissible  for  the  determination  of  10  p.  p.  m.  of  cobalt  with 
an  error  of  not  more  than  2  per  cent.  Transmission  curves 
for  solutions  containing  several  interfering  ions  are  shown 
in  Figure  2.  Iron,  cyanide,  and  dichromate  must  be  absent. 
Antimony,  bismuth,  and  tin  precipitate  under  the  conditions 
recommended. 
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Silver  interferes  slightly  and  no  advantage  can  be  gained 
by  converting  it  to  the  ammonia  complex.  Copper,  zinc, 
and  cadmium,  if  present  in  sufficiently  high  concentrations, 
give  low  results  for  cobalt,  apparently  by  complex  formation 
with  the  reagent. 

Titanium,  zirconium,  and  cerium  interfere  somewhat. 
Reduction  of  ceric  ion  with  hydroxylamine  reduces  sub¬ 
stantially  the  interference  of  cerium.  Uranyl  ion,  although 
colored,  may  be  present  up  to  100  p.  p.  m. 

Of  the  metals  studied,  chromium,  nickel,  copper,  and  iron 
cause  the  greatest  difficulty.  Attempts  to  eliminate  iron 
interference  by  formation  of  ferric  citrate  or  phosphate  were 
unsuccessful. 

Salts  of  most  mineral  acids  do  not  affect  the  color  reaction. 
Certain  ions  which  affect  the  iron-terpyridyl  reaction  pro¬ 
foundly,  such  as  carbonate,  silicate,  and  phosphates,  do  not 
produce  any  measurable  effect  on  the  cobalt  reaction. 

Interference  by  dichromate,  cyanide,  and  vanadate  is 
sufficient  to  require  separations.  Five  p.  p.  m.  of  dichromate 
caused  an  error  of  70  per  cent. 

Discussion 

Terpyridyl  is  an  excellent  reagent  for  iron  according  to  the 
characteristics  by  which  colorimetric  methods  are  usually 
appraised.  While  the  reagent  is  not  so  sensitive  for  cobalt 
as  for  iron,  it  can  be  used  over  a  considerably  wider  range  of 
concentrations  in  the  determination  of  cobalt.  The  liberal 
tolerance  in  control  of  pH  is  significant.  Most  methods 
employing  the  organic  reagents  require  considerable  care  in 
this  respect. 

One  objection  to  the  proposed  method  is  the  instability 
of  the  colored  complex.  Standards  for  visual  comparison 
should  be  prepared  for  each  day’s  work.  This  is  only  a 
minor  consideration  in  view  of  the  increasing  use  of  photo¬ 
electric  instruments.  More  serious  is  the  interference  of 


iron,  copper,  and  nickel.  Presence  of  these  metals  requires 
separations. 

Nitroso  R  salt,  commonly  recommended,  gives  considerably 
more  color  with  moderate  amounts  of  cobalt  (1  to  5  p.  p.  m.) 
than  does  terpyridyl,  but  for  concentrations  lower  than  0.1 
to  0.5  p.  p.  m.  it  is  of  little  value  because  of  the  yellow  color 
of  the  reagent  itself.  The  advantage  of  sensitivity  is  thus 
confined  to  concentrations  within  the  range  susceptible  to 
measurement  with  terpyridyl.  Nitroso  R  salt  also  requires 
more  care  in  control  of  pH  and  the  color  appears  to  be  no 
more  stable  than  that  obtained  with  terpyridyl.  Terpyridyl 
is  not  available  commercially. 


Table  I.  Effect  of  Diverse  Ions 


Ion 

Added  as 

Present 

Error 

Amount 

Permis¬ 

sible 

Ag  + 

AgNOn 

P.  p.  m. 

100 

% 

2 

P.  p.  m. 

100 

Cd  +  + 

Cd(N03)2 

500 

4 

250 

Ce++++ 

CeCNHddSOPi 

200 

4 

100 

Cu  +  + 

Cu(N03)2 

5 

0 

5 

Cr  +  +  + 

Cr2(S04)3 

20 

3 

15 

Ni  +  + 

Ni(N03)2 

10 

3 

5 

Ti++++ 

Ti(S04)2 

75 

3 

50 

uo2++ 

U02(C2H302)2 

100 

1 

100 

Zn  +  + 

Zn(N03)2 

20 

2 

20 

Zr  +  +  +  + 

Zr(N03)i 

100 

2 

100 

As03  (As) 

Na3As03 

500 

4 

300 

M0O4-- 

(NH4PM0O4 

100 

5 

50 

vo3- 

KVOs 

20 

4 

10 

W0r- 

Na2WC>4 

100 

0 

100 

Recommended  Procedure 

Treatment  of  Sample.  Dissolve  the  sample  by  appropriate 
means  and  remove  any  interfering  constituents  in  accordance 
with  the  tolerances  listed  in  Table  I.  Adjust  the  pH  to  2  to  10. 
(Twenty  per  cent  ammonium  acetate  solution,  6  N  ammonium 
hydroxide,  and  6  N  hydrochloric  acid  may  be  used.)  Dilute  the 
solution  in  a  volumetric  flask  so  that  each  100  ml.  contains  2  to  5 
mg.  of  cobalt. 

Measurement  of  Desired  Constituent.  Withdraw  a  25- 
ml.  aliquot  of  the  sample  solution,  add  5  ml.  of  0.1  per  cent  ter¬ 
pyridyl  solution,  dilute  to  50  ml.,  and  mix  well.  (Dissolve  the 
terpyridyl  in  the  least  possible  amount  of  6  A  hydrochloric  acid 
and  dilute  to  the  proper  volume  with  iron-free  water.)  Measure 
or  compare  the  color  by  any  of  the  usual  means.  (Standards  for 
visual  work  should  be  prepared  daily.)  A  blue-green  filter  such 
as  Corning  No.  428  and  a  2-cm.  transmission  cell  are  recommended 
for  photometric  measurement. 

Summary 

A  new  colorimetric  method  for  the  determination  of  cobalt 
is  described.  Variations  in  pH  between  2  and  10  do  not  af¬ 
fect  the  colored  complex  and  Beer’s  law  is  valid  for  cobalt 
concentrations  from  0.5  to  50  p.  p.  m.  This  is  the  optimum 
range  for  determinations  with  a  1-cm.  transmission  cell. 
Interference  by  most  of  the  common  metals  except  copper, 
nickel,  and  iron  is  not  serious.  Cyanide  and  dichromate 
should  be  absent.  Because  of  the  limited  stability  of  the 
color,  fresh  standards  for  visual  work  should  be  prepared 
daily. 
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The  Microvol 

Apparatus  for  Measuring  Small  Volumes  of  Gas 

R.  T.  SANDERSON1,  Western  Geophysical  Company,  Los  Angeles,  Calif. 


A  SIMPLE  and  useful  device 
for  measuring  very  small 
volumes  of  condensable  gas  in 
a  vacuum  apparatus  is  the 
microvol.  Volumes  of  the  order 
of  0.05  cu.  mm.  can  be  meas¬ 
ured  within  10  per  cent,  the 
accuracy  improving  rapidly 
with  increase  in  sample  size. 
A  single  such  device  can  readily 
be  constructed  to  measure  a 
complete  range  of  volumes  from 
0.01  cu.  mm.  up  to  several 
milliliters.  A  microvol  has  been 
found  very  satisfactory  in  the 
analysis  of  the  soil  atmosphere 
for  substances  present  in  con¬ 
centrations  of  less  than  one  part 
per  million,  and  should  be  gen¬ 
erally  applicable  in  microanaly¬ 
sis  of  gases. 

As  shown  in  Figure  1,  the 
microvol  is  somewhat  similar  in 
construction  to  a  McLeod  gage, 
with  the  essential  added  feature 
of  an  inner-sealed  bulb,  F,  open¬ 
ing  to  the  outside.  In  use,  the 
microvol  is  connected  to  the 
vacuum  system  at  E  through  a 
mercury  valve  or  stopcock.  The 
apparatus  is  thoroughly  evacu¬ 
ated,  the  gas  to  be  measured  be¬ 
ing  contained  in  a  storage  tube 
or  held  condensed  in  a  trap. 
Liquid  nitrogen  is  poured  into  F 
through  G.  The  microvol  is  then 
opened  to  the  tube  containing 


1  Present  address,  The  Texas  Com 
pany,  Beacon,  N.  Y. 


the  gas,  which  is  allowed  to  expand  into  the  closed  vacuum  sys¬ 
tem  and  condense  on  the  outer  walls  of  the  cooled  bulb.  When 
condensation  is  complete,  as  indicated  by  a  McLeod  gage  con¬ 
nected  to  the  system,  air  is  admitted  to  the  mercury  reservoir,  N, 
through  K  and  stopcock  M,  to  force  the  mercury  through  J  to 
level  7,  where  it  closes  off  the  microvol  bulb  from  the  rest  of  the 
system.  The  entire  gas  sample  to  be  measured  is  thus  trapped. 

The  liquid  nitrogen  is  simply  removed  by  allowing  the  mercury 
to  touch  bulb  F,  causing  the  nitrogen  to  boil  out  in  a  single  spurt. 
The  bulb  is  then  warmed  to  room  temperature,  with  the  hand,  by 
contact  through  the  mercury,  or  by  filling  with  warm  water. 
After  the  mercury  has  been  drawn  down  to  7  again  by  exerting  a 
rough  vacuum  at  L,  the  evaporated  gas  is  slowly  compressed  into 
the  calibrated  capillary  system  A,  B,  C  by  raising  the  mercury, 
and  measured  at  any  volume  at  which  it  exerts  a  readily  measur¬ 
able  pressure. 

The  microvol  is  constructed  entirely  of  Pyrex.  For  measuring 
volumes  from  0.05  cu.  mm.  up  to  0.5  ml.,  the  following  approxi¬ 
mate  dimensions  have  been  found  satisfactory  for  the  measuring 
capillary:  A,  B,  and  C  are  each  about  10  cm.  long,  and  0.4,  3, 
and  6  cu.  mm.  per  mm.,  respectively.  Capillaries  A',  B', 
and  C’  are  of  the  same  stock  as  A,  B,  and  C,  since  they  are  for  use 
as  manometers  in  reading  the  pressure  of  gas  in  the  calibrated 
tube.  Bulb  F  is  20  to  30  mm.  in  diameter,  and  opening  G  is  about 
10  mm.  in  diameter.  Bulb  77  need  be  only  slightly  larger  than  F; 
a  diameter  of  35  mm.  is  sufficient.  The  calibrated  capillary  is 
joined  to  the  top  of  77  through  a  short  piece  of  8-mm.  tubing,  D. 
The  mercury  reservoir,  N,  may  be  constructed  from  a  200-ml. 
flask. 

The  measuring  capillary  must  be  carefully  calibrated  before 
sealing  to  the  apparatus.  In  calibrating  the  joints,  it  is  conveni¬ 
ent  to  make  a  permanent  mark  on  the  uniform-bore  capillary, 
close  to  the  joint  on  each  side.  It  is  then  only  necessary  to  de¬ 
termine  the  total  volume  between  marks,  as  the  gas  volume  can 
be  read  either  above  or  below  each  joint  with  ease.  There  will  be 
no  discontinuities  in  measurable  volumes.  Spare  capillaries 
of  the  same  stock  can  conveniently  be  calibrated  and  kept  in 
stock  for  emergency  repairs. 

The  microvol  has  the  following  definite  advantages  over  a 
McLeod  gage  used  for  the  same  purpose:  The  entire  gas 
sample,  rather  than  a  part  only,  is  directly  measured,  so  that 
the  microvol  is  more  sensitive.  The  pressure-volume  products 
can  be  checked  very  simply  by  readings  at  widely  different  and 
quickly  adjusted  mercury  levels.  A  much  larger  range  of 
volumes  can  be  measured  in  the  same  apparatus. 


Iodometric  Semimicroprocedure  for  Determination  of  Arsenic 
in  Sodium  Cacodylate  and  Cacodylic  Acid 

VICTOR  LEVINE  AND  WALLACE  M.  McNABB 

Department  of  Chemistry  and  Chemical  Engineering,  University  of  Pennsylvania,  Philadelphia,  Penna. 


IN  THE  semimicromethod  for  the  determination  of  arsenic 
in  organic  compounds  described  in  a  previous  paper  (4), 
the  samples  were  decomposed  with  concentrated  sulfuric  and 
nitric  acids.  However,  this  method  of  decomposition  is  not 
applicable  to  cacodylic  acid  and  its  sodium  salt.  Attempts 
were  made  to  decompose  the  cacodylate  with  sulfuric  and 
nitric  acids,  but  when  the  reduction  with  hypophosphite  was 
carried  out  a  yellow  precipitate  formed  which  volatilized  upon 
heating.  Upon  further  investigation,  the  most  satisfactory 
method  of  decomposition  for  the  cacodylate  was  found  to  be 


somewhat  similar  to  the  one  used  for  the  decomposition  of 
minerals  (2) .  This  consists  of  heating  the  sample  with  potas¬ 
sium  acid  sulfate  in  the  presence  of  small  amounts  of  con¬ 
centrated  sulfuric  acid.  Specimens  of  neoarsphenamine  were 
subjected  to  this  treatment  without  successful  decomposition. 
Therefore  the  method  is  recommended  for  sodium  cacodylate 
and  cacodylic  acid  only. 

Apparatus.  The  all-glass  apparatus  recommended  for  use  in 
the  determination  of  mercury  (S)  and  arsenic  (4)  in  organic  com- 


76 


January  15,  1943 


ANALYTICAL  EDITION 


77 


Table  I.  Determination  of  Arsenic  in  Sodium  Cacodylate 


and  Cacodylic  Acid 

Compound 

Semimicro- 

Distillation 

method 

method  “ 

Calculated 

Sodium 

% 

% 

% 

cacodylate 

46.63 

46.71 

46.65 

46.55 

46.65 

46.85 

Av.  46.64 

46.70 

46.83 

Cacodylic 

acid 

54.30 

54.38 

Av.  54.34 

.  .  . 

54.31 

“Sample  was  decomposed  in  distillation  flask  with  acid  sulfate  and  sul¬ 
furic  acid  and  analysis  completed  according  to  procedure  of  Association  of 
Official  Agricultural  Chemists  (I). 


pounds  is  suitable  for  the  analysis  of  cacodylic  acid  and  sodium 
cacodylate. 

Weigh  the  dried  sample  (of  size  to  yield  approximately  15  mg. 
of  arsenic)  on  a  piece  of  cigaret  paper  or  in  other  convenient  man¬ 
ner  and  transfer  to  the  flask.  Introduce  into  the  flask  5  to  6 


grams  of  potassium  acid  sulfate  and  0.5  ml.  of  concentrated  sul¬ 
furic  acid,  attach  the  condenser,  and  heat  gently  until  all  the 
potassium  acid  sulfate  is  melted.  Continue  heating  vigorously 
until  no  further  signs  of  carbon  remain,  allow  to  cool,  and  wash 
the  condenser  and  walls  of  the  flask  with  water.  Dilute  to  a 
volume  of  approximately  20  ml.,  insert  the  glass  stopper,  and 
shake  until  the  fused  mass  is  dissolved.  Add  3  grams  of  sodium 
hypophosphite  (NaH^PC^.H^O)  and  follow  the  original  procedure 


The  results  in  Table  I  show  the  method  to  be  satisfactory. 
An  investigation  is  being  carried  out  in  applying  the  method 
to  the  determination  of  arsenic  in  arsenic-containing  insecti¬ 
cides,  such  as  calcium,  magnesium,  lead,  and  copper  arsenates. 
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Microbiological  and  Chemical  Assay  of 
Nicotinic  Acid  in  B  Compl  ex  Products 

R.  D.  GREENE  AND  ARCHIE  BLACK,  E.  R.  Squibb  and  Sons,  New  Brunswick,  N.  J.,  AND 
F.  O.  HOWLAND,  E.  R.  Squibb  and  Sons,  Brooklyn,  N.  Y. 


THE  important  role  of  nicotinic  acid  (niacin)  in  human 
nutrition  has  stimulated  the  search  for  a  method  of 
assay  which  would  possess  the  specificity  of  the  biological 
assay  with  dogs  and  yet  afford  greater  accuracy,  speed,  and 
economy.  A  number  of  chemical  procedures  based  on  the 
Konig  cyanogen  bromide  reaction  and  several  microbiological 
methods  have  been  reported  to  meet  these  requirements. 
The  dog  method  has  not  been  used  extensively  for  quantita¬ 
tive  tests,  so  that  comparative  data  are  limited.  The  re¬ 
covery  experiments  and  duplication  studies  in  connection 
with  the  various  rapid  methods  are  subject  to  limitations  as 
criteria  of  the  reliability  of  these  procedures.  It  is  believed 
that  further  comparative  assay  data  from  procedures  as 
widely  different  as  the  chemical  and  microbiological  tests 
will  provide  useful  evidence  as  to  their  applicability.  In  the 
present  studies  tests  have  been  made  on  various  natural 
sources  of  the  B  complex.  The  chemical  method  as  modified 
by  Jones  (4)  and  the  Snell  and  Wright  (8)  microbiological 
method  were  used.  Microbiological  assays  were  made  by 
R.  D.  Greene  and  A.  Black,  and  chemical  assays  by  F.  0. 
Howland.  • 

Methods 

Microbiological.  The  procedure  is  essentially  that  of  Snell 
and  Wright  ( 8 ).  However,  in  the  preparation  of  the  hydrolyzed 
casein  supplement,  the  optional  charcoal  treatment  has  been  used 
as  a  regular  procedure.  In  performing  this  step  the  authors 
treat  a  solution  of  hydrolyzed  casein  of  pH  3.5,  containing  about 
25  mg.  of  solids  per  ml.,  with  2.5  mg.  of  Darco  G-60  per  ml. 
Recently  Isbell  (8)  has  reported  poor  growth  with  charcoal- 
treated  casein  hydrolyzate,  due  to  p-aminobenzoic  acid  de¬ 
ficiency.  The  authors’  hydrolyzate,  treated  at  greater  dilution 
with  charcoal,  supported  optimum  growth.  Although  p- 
aminobenzoic  acid  was  not  a  limiting  factor  in  their  tests,  its 
routine  addition  seems  a  desirable  safeguard  against  variations 
in  the  casein  supplement. 

J  For  the  preparation  of  inoculum  they  have  used  a  dilution  of 
1  to  25  rather  than  1  to  10.  For  incubation  of  cultures  they  have 
used  temperatures  of  30°  C.  and  later  37°  C.  ( 9 )  with  equal 
■  success. 


In  supplying  the  biotin  requirement  of  the  organism  they 
have  used  the  supplement  prepared  from  egg  yolk  and  later  pure 
biotin  with  equal  results.  In  their  experience  the  free  pure 
biotin  at  a  level  of  0.001  microgram  per  10  ml.  of  medium  was 


Table  I. 

Recovery  of  Pure 

Nicotinic  Acid 

in  the  Pres- 

ence  of  Wheat  Germ  Extract 

Added 

Found 

Recovered 

Recovery 

Micrograms  of  nicotinic  acid  per  10  ml.  of  medium a 

% 

0 

0.096 

0.025 

0.122 

0.026 

ioi 

0.050 

0.152 

0.056 

112 

0.075 

0.174 

0.078 

104 

0.100 

0.203 

0.107 

107 

0.150 

0.264 

0.168 

112 

0.200 

0.324 

0.228 

114 

“  Medium  according  to  Snell  and  Wright  +1.4  mg.  of  wheat  germ  extract 

per  10  ml. 

Table  II. 

Effect  of  Acidic  Treatment  of 
Microbiological  Assay 

Samples  on 

Sample 

Nicotinic  Acid 

No. 

Description 

Aqueous 

Mg./g. 

Acidic® 

Mg./g. 

2463 

Yeast 

0.214 

0.231 

2488 

Yeast 

0.603 

0.599 

2514 

Yeast 

0.218 

0.229 

2522 

Yeast 

0.342 

0.371 

2540 

Yeast 

0.560 

0.488 

2560 

Yeast 

0.506 

0.512 

2561 

Yeast 

0.194 

0.216 

2294 

Yeast  extract 

1.80 

1.85 

2541 

Yeast  extract 

3.04 

2.83 

2542 

Liver  extract 

0.508 

0.462 

2287 

Rice  bran  concentrate 

1.64 

2.15 

2426 

Rice  bran  concentrate 

1.18 

1.53 

2485 

Rice  bran  concentrate 

0.97 

1.33 

2523 

Rice  bran  concentrate 

1.02 

1.42 

2459 

Wheat  germ  extract 

0.049 

0.069 

Flour,  patent 

0.0069 

0.0095 

Flour,  whole  wheat 

0.0293 

0.0362 

Yellow  corn,  ground 

0.0156 

0.0194 

Rolled  oats 

0.0051 

0.0057 

Whole  milk  powder 

0 . 0049 

0.0051 

a  Autoclaving  for  15  minutes  at  15  pounds  with  25  volumes  of  2  N  HC1  or 

2  N  H2S04. 
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Table  III.  Microbiological  and  Chemical  Assays  for 
Nicotinic  Acid 


Microbiological 

a 

Chemical 

Sample 

No.  of 

No.  of 

No. 

tests  & 

Range 

Av.  tests  & 

Range 

Av. 

Mg./ g. 

Mg./g. 

Mg./g. 

Mg./g. 

Rice  Bran  Sirup 

15,037 

2 

1.69-1.74 

1.71 

1 

1.61 

13,917 

2 

1.41-1.42 

1.41 

1 

1.24 

12,727 

2 

1.47-1.47 

1.47 

1 

1.24 

9,279 

2 

1.78-1.79 

1.78 

2 

1.78-1.82 

1.80 

7,922 

2 

1.63-1.69 

1.66 

1 

2.10 

7,594 

2 

1.67-1.72 

1.69 

1 

1.50 

7,280 

2 

1.65-1.73 

1.69 

1 

1.90 

6,093 

2 

2.08-2.21 

2.14 

1 

2.20 

5,538 

2 

1.88-1.91 

1.89 

1 

1.80 

Dried  Yeast 

13,917 

2 

0.23-0.23 

0.23 

1 

0.36 

12,009 

6 

0.21-0.25 

0.23 

3 

0.17-0.24 

0.20 

11,322 

4 

0 . 34-0 . 43 

0.38 

2 

0.32-0.35 

0.33 

10,811 

4 

0.43-0.46 

0.44 

2 

0 . 36-0 . 40 

0.38 

9,925 

2 

0.34-0.36 

0.35 

2 

0.37-0.42 

0.39 

6,532 

2 

0 . 54—0 . 55 

0.54 

1 

0.44 

12,874 

4 

0 . 52-0 . 65 

0.59 

2 

0.54-0.76 

0.65 

11,724 

4 

0 . 54-0 . 62 

0.57 

4 

0.54-0.74 

0.60 

11,725 

2 

0.54-0.58 

0.56 

1 

0.39 

12,875 

4 

0 . 58-0 . 62 

0.60 

3 

0.42-0.57 

0.50 

Yeast  Extract 

14,236 

2 

1.63-1.75 

1.69 

1 

2.0 

7,633 

5 

1.79-1.96 

1.87 

2 

1.7-2. 5 

2.1 

6,347 

4 

1.80-2.22 

1.98 

2 

2.0-2. 1 

2.05 

6,000 

2 

2 . 00-2 . 23 

2.12 

1 

1.8 

5,514 

2 

1.91-1.95 

1.93 

1 

1.8 

5,248 

2 

1.98-2.15 

2.06 

2 

2 . 1-2 . 3 

2.2 

4,871 

2 

1.91-2.05 

1.98 

1 

1.8 

Wheat  Germ 

7,991 

2 

0.067-0.071 

0.069 

2 

0.066-0.071 

0.068 

7,646 

2 

0.071-0.071 

0.071 

2 

0.060-0.070 

0.065 

11,716 

2 

0 . 074-0 . 079 

0.076 

3 

0 . 064-0 . 089 

0.078 

Malted  Wheat  Germ  Extract 

9,414 

4 

0.096-0.111 

0.102 

1 

0.068 

4,902 

4 

0.087-0.112 

0.100 

3 

0.07-0.13 

0.093 

98,750 

2 

0.114-0.115 

0.114 

3 

0.08-0.15 

0.123 

1,610 

2 

0.100-0.108 

0.104 

a 

15,351 

2 

0.103-0.104 

0.103 

a 

Cane  Molasses 

6  A 

2 

0.0047-0.006 

0 . 0053 

i 

None 

8A 

2 

0.0098-0.01 

0.0099 

2 

None-0.04 

°  All  other  than  yeast  products  prepared  by  acid  treatment  as  in  Table  II. 
b  Independent  tests. 


more  than  sufficient  for  Lactobacillus  arabinosus  1 7-5,  whereas  the 
methyl  ester  was  almost  inactive.  Shull,  Hutchings,  and  Peter¬ 
son  (7)  have  reported  that  the  methyl  ester  is  not  utilized  by 
Lactobacillus  casei  e. 

Chemical.  The  chemical  assays  of  nicotinic  acid  were  carried 
out  by  a  modified  cyanogen  bromide  method  which  has  been  fully 
described  by  Jones  (4). 


dependent  to  a  marked  degree  on  how  drastic  were  the 
conditions  of  extraction.  Recently  other  reports  ( 1 ,  2,  10) 
have  gone  into  this  matter  more  extensively,  showing  that 
cereal  products,  as  distinguished  from  yeast  or  animal  prod¬ 
ucts,  contain  a  water-soluble  precursor  of  nicotinic  acid 
which  yields  maximum  values  in  the  microbiological  assay 
only  after  treatment  with  alkali  or  strong  acid.  The  question 
has  been  raised  as  to  whether  this  microbiologically  inactive 
precursor  of  nicotinic  acid  is  active  for  animals,  and  the  con¬ 
sequent  issue  as  to  the  available  nicotinic  acid  of  cereal  foods 
and  feedstuffs  must  await  clarification  by  further  research. 

The  authors’  experiences  with  a  variety  of  products  of 
cereal  origin,  ranging  from  original  grains  to  highly  potent 
concentrates,  have  paralleled  those  of  other  investigators. 
In  order  to  determine  the  conditions  necessary  for  the  prepa¬ 
ration  of  samples  for  test,  they  have  made  comparative 
microbiological  assays  of  a  variety  of  products  subjected  to 
treatments  ranging  from  aqueous  to  4  N  acid.  As  a  result 
of  these  experiments,  summarized  in  Table  II,  they  have 
adopted  the  use  of  strong  acid  as  a  standard  preparatory 
treatment  for  cereals,  whereas  other  materials  have  been 
prepared  by  aqueous  extraction. 

Microbiological  and  Chemical  Assays 

The  results  of  parallel  microbiological  and  chemical  assays 
of  various  cereal  and  yeast  products  are  presented  in  Table  III. 
For  the  most  part  the  results  from  the  two  methods  are  in 
agreement  and  indicate  that  both  these  rapid  and  relatively 
inexpensive  tests  are  reliable  measures  of  nicotinic  acid,  al¬ 
though  somewhat  greater  individual  variations  were  observed 
in  the  chemical  tests  of  materials  of  lower  nicotinic  acid 
content. 


Summary 

In  agreement  with  recent  reports  it  has  been  shown  that 
preliminary  acid  treatment  of  cereals,  as  distinguished  from 
other  products,  leads  to  higher  microbiological  assay  values 
for  nicotinic  acid. 

Comparative  assays  of  various  pharmaceutical  B  complex 
products  for  nicotinic  acid  by  the  Snell  and  Wright  micro¬ 
biological  method  and  by  the  cyanogen  bromide  method  as 
adapted  by  Jones  have  shown  substantial  agreement  between 
the  results  from  these  widely  different  procedures  and  tend  to 
establish  the  validity  of  both  as  measures  of  this  factor.  In 
the  testing  of  the  materials  of  lower  nicotinic  acid  content  in 
this  series  the  microbiological  method  appeared  to  be  some¬ 
what  more  suitable. 


Factors  Affecting  Microbiological  Assay 

Specificity  of  Response.  In  order  to  test  the  sufficiency 
of  the  basal  medium  the  authors  added  extracts  of  rice  bran, 
yeast,  and  liver  in  amounts  judged  by  assay  to  be  equivalent 
to  the  levels  of  nicotinic  acid  in  the  standard  series,  up  to 
optimum.  The  titration  curves  produced  from  the  addition 
of  these  supplements  to  the  basal  medium  followed  the 
standard  curve  very  closely  and  indicate  that  results  based 
on  the  usual  assay  range  involve  negligible  stimulation  due  to 
substances  other  than  nicotinic  acid.  This  question  has 
been  approached  in  a  different  way  by  determining  the 
recovery  of  varying  increments  of  pure  nicotinic  acid  in  the 
presence  of  a  constant  quantity  of  a  wheat  germ  extract,  a 
product  relatively  low  in  nicotinic  acid.  The  recovery  data 
from  this  experiment,  shown  in  Table  I,  confirm  the  results 
obtained  from  the  addition  of  the  other  B  complex  supple¬ 
ments. 

Preparation  of  Samples  for  Assay.  Several  of  the 
earlier  reports  on  both  chemical  ( 5 ,  6)  and  microbiological 
(8,  11)  assays  of  cereals  indicated  that  the  results  were 
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Spectrochemical  Assay  for  Traces  of  Tungsten 

A.  G.  SCOBIE 

Hudson  Bay  Mining  and  Smelting  Co.,  Limited,  Flin  Flon,  Manitoba 


A  spectrographic  procedure  which  is  ex¬ 
tremely  sensitive  in  the  estimation  of  traces 
of  tungsten  has  been  developed.  The 
efficiency  of  the  method  depends  on  the 
tungsten-collecting  properties  of  hydrated 
alumina  when  precipitated  by  sodium  bi¬ 


THE  research  laboratory  of  this  company  was  recently 
faced  with  the  problem  of  determining  trace  amounts  of 
tungsten  in  a  series  of  classifier  sands.  A  spectrographic 
survey  revealed  the  feasibility  of  using  this  instrument  in  the 
final  evaluation,  but  a  check  of  the  common  methods  in  use 
for  the  isolation  of  tungsten  (3,  4)  showed  these  methods  to 
give  incomplete  separation  for  trace  amounts.  An  investi¬ 
gation  into  the  possibility  of  modifying  these  procedures,  or 
developing  others,  was  thus  indicated. 

Assay  Procedure 

Weigh  10  grams  of  200-mesh  ore  or  concentrate  into  a  400-ml. 
beaker,  wet  the  sample  well  with  about  20  ml.  of  water,  and  add 
100  ml.  of  hydrochloric  acid.  Cover,  digest  at  60°  to  70°  C.  for 
about  1  hour,  and  then  boil  down  to  approximately  25  ml.  Cool, 
add  25  ml.  of  hydrochloric  acid  and  10  ml.  of  nitric  acid,  and  again 
boil  to  former  volume.  Add  20-ml.  portions  of  nitric  acid  with 
successive  boiling  down  until  chemical  action  is  complete.  Then 
add  20-ml.  portions  of  hydrochloric  acid  until  all  nitric  acid  is 
removed.  Take  nearly  to  dryness  on  a  low-temperature  hot 
plate,  but  do  not  bake. 

Take  up  in  10  ml.  of  hydrochloric  acid  and  20  ml.  of  water  and 
heat  on  a  low-temperature  hot  plate  until  all  iron  goes  into  solu¬ 
tion.  Dilute  to  200  ml.  and  heat  to  just  below  boiling.  Stir  in 
pulp  of  about  half  of  a  No.  41  Whatman  filter  paper  (12.5-cm.) 
and  continue  digestion  on  plate  with  occasional  stirring  for  15  to 
20  minutes. 

Filter  through  12.5-cm.  No.  40  Whatman  filter  paper  and  wash 
free  of  iron  with  hot  2  per  cent  hydrochloric  acid  solution.  Both 
the  residue  and  filtrate  are  further  treated  to  recover  tungsten. 

Residue.  Ignite  gently  in  a  No.  1  porcelain  crucible  until  all 
organic  matter  is  oxidized,  add  about  10  grams  of  powdered  fused 
sodium  bisulfate,  and  mix  with  residue.  Heat  in  muffle  at  low 
temperature  until  ebullition  ceases  and  then  at  bright  red  for 
about  10  minutes.  Cover,  remove,  and  cool  until  fusion  has 
solidified.  Dissolve  in  about  50  ml.  of  boiling  water  and  then 
pour  in  thin  stream  into  100  ml.  of  boiling  10  per  cent  sodium 
hydroxide  solution,  constantly  stirred.  Boil  about  5  minutes, 
settle,  and  filter,  washing  well  with  hot  water.  Discard  residue. 

Filtrate.  Boil  down  to  about  100  ml.,  adding  10  per  cent 
sodium  hydroxide  dropwise  during  the  process  until  ferric 
hydroxide  just  fails  to  persist.  Pour  this  boiling,  nearly  neutral 
solution  in  a  thin  stream  into  150  ml.  of  vigorously  stirred,  boiling 
20  per  cent  sodium  hydroxide  solution  in  a  1-liter  beaker.  Cover, 
place  on  pad  on  low-temperature  hot  plate,  and  continue  boiling 
about  30  minutes.  Remove,  add  about  500  ml.  of  boiling  water, 
and  allow  to  settle.  Decant  and  again  wash  with  same  quantity 
of  boiling  water.  Decant,  dissolve  the  residue  in  the  least  possi¬ 
ble  hydrochloric  acid,  boil  down  as  above,  and  again  pour  into 
boiling  sodium  hydroxide.  Filter  decantations  through  18.5-cm. 
No.  1  Whatman  filter  paper,  finally  transferring  the  residue  to  the 
filter  paper  and  washing  well  with  hot  water.  Neutralize  the 
filtrate  with  hydrochloric  acid,  evaporate,  and  combine  this  fil¬ 
trate  with  that  from  the  residue  treatment. 

To  this  combined  sodium  tungstate  solution  contained  in  a 
1000-ml.  beaker,  and  diluted  to  700  to  800  ml.,  add  3  to  5  ml.  of 
0.1  per  cent  methyl  orange  and  after  bringing  to  the  neutral  point 
with  hydrochloric  acid,  add  5  to  10  ml.  of  excess  acid.  To  this 
solution  pipet  10  ml.  of  aluminum  solution,  cover,  and  heat  to 
boiling.  Transfer  to  a  medium-temperature  hot  plate  and  with 
constant  boiling  add  saturated  sodium  bicarbonate  solution  from 


carbonate  in  dilute  tungsten  solution. 
This  collector  is  efficient  in  a  solution  con¬ 
taining  any  quantity  of  alkali  salts,  and 
with  it  0.00002  per  cent  of  tungsten  in  an  ore 
or  concentrate  may  be  isolated  and  esti¬ 
mated  spectrographically. 


a  dropping  pipet  until  the  hydrated  alumina  just  begins  to  pre¬ 
cipitate.  Boil  for  about  5  minutes,  add  more  methyl  orange,  and 
resume  the  addition  of  bicarbonate  at  about  25  to  30  drops  per 
minute  until  the  solution  is  definitely  basic.  Add  10  to  15  drops 
of  excess  bicarbonate  and  boil  for  2  to  3  minutes.  Settle,  filter 
through  12.5-cm.  No.  41  Whatman  filter  paper,  and  wash  with  hot 
water. 

Transfer  paper  and  residue  to  a  porcelain  crucible,  ash  in  muffle 
at  low  temperature  and  then  at  800°  C.  for  30  to  60  minutes,  cool, 
and  weigh  the  oxides.  By  means  of  this  weighing,  any  alumina 
extracted  from  the  sample,  over  and  above  that  added,  is  ac¬ 
counted  for.  If  the  increase  in  alumina  is  greater  than  a  few  per 
cent,  increase  the  observed  value  of  the  tungsten  concentration 
by  the  same  amount  to  obtain  the  correct  value. 

Crush  the  oxides,  but  do  not  grind  finely,  and  weigh  30  mg.  into 
a  drilled  electrode.  Arc  together  with  standards  and  estimate  the 
intensity  of  the  tungsten  line  2896.45  A. 


Table  I.  Recovery  op  Tungsten 


’  SiO, 

- Sample  - 

FeCls 

Tungsten 

Residue 

-Recovery — 
Filtrate 

Total 

Grams 

Grams 

Mg. 

Mg. 

Mg. 

Mg. 

1.0 

0.20 

0.06 

0.14 

0.20 

2.5 

0.20 

0.08 

0.11 

0.19 

5.0 

0.20 

0.20 

0.20 

10.0 

0.20 

0.195 

0.195 

1.0 

10.0 

0.20 

0.065 

0.13 

0.195 

2.5 

5.0 

0.20 

0.075 

0.125 

0.20 

Equipment 

A  Hilger  automatic  Littrow-type  large  quartz  spectrograph  is 
used.  The  arc  image  is  focused  upon  the  slit  by  means  of  a  Hilger 
spherical  quartz  condenser  and  the  exposure  is  regulated  by  means 
of  a  rotating  sector  between  the  lens  and  slit.  The  arc  source  is  a 
motor  generator  set  regulated  to  deliver  15  to  17  amperes  at 
about  150  volts  across  the  arc  and  ballast  resistance. 

Eastman  No.  33  antihalation  plates,  10  X  25  cm.  (4  X  10 
inches),  are  used  to  photograph  the  spectrum  and  are  subse¬ 
quently  developed  for  6  minutes  in  Dll  developer  at  65°  F.  and 
fixed  in  F5  fixer  for  20  minutes. 

The  crushed  sample  is  weighed  into  ordinary  spectrographic 
graphite  electrodes  2.5  cm.  (1  inch)  long  and  0.78  cm.  (6/16  inch)  in 
diameter,  and  uniformly  drilled  0.47  cm.  (3/ic-  inch)  deep  with  a 
0.39-cm.  (6/32-inch)  drill.  The  samples  and  standards  are  arced 
to  give  a  spectrogram  as  called  for  in  A.  S.  T.  M.  specifications  for 
zinc  analysis  ( 1 ).  The  line  densities  are  read  on  Bausch  &  Lomb 
viewing  stands  by  means  of  B.  &  L.  magnifiers. 

Standard  Tungsten  Solution.  Prepare  a  standard  solution 
by  dissolving  0.136  gram  of  tungstic  acid  in  the  least  possible 
quantity  of  dilute  sodium  hydroxide  solution  and  diluting  to  1000 
ml.  with  water.  This  solution  contains  0.1  mg.  of  tungsten  per 
milliliter. 

Aluminum  Solution.  Chemically  pure  potassium  aluminum 
sulfate  is  used  to  prepare  a  solution  containing  10  grams  per  liter 
of  aluminum.  Weigh  168  grams  of  the  hydrate,  add  100  ml.  of 
hydrochloric  acid,  and  dilute  to  1  liter.  For  use  in  the  prepara¬ 
tion  of  standards,  check  the  aluminum  content  of  this  solution 
by  following  the  precipitation  procedure  with  sodium  bicarbon¬ 
ate,  as  previously  described,  and  adjusting  if  necessary. 
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Preparation  of  Standards 

The  standards  arced  consist  of  definite  amounts  of  tungsten 
in  an  ignited  alumina  base.  The  tungsten  content  of  these 
standards  is  expressed  as  a  percentage  of  their  aluminum  con¬ 
tent;  thus  the  0.1  per  cent  standard  contains  0.1  mg.  of 
tungsten  per  100  mg.  of  aluminum.  The  tungsten  solution 
for  the  standards  is  measured  out  as  follows : 

Pipet  2.0  ml.  of  standard  tungsten  solution  (0.2  mg.  of  tung¬ 
sten)  into  a  100-ml.  volumetric  flask  and  dilute  to  volume. 
Pipet  50  ml.  of  this  solution  (0.1  mg.  of  tungsten)  into  a  1-liter 
beaker  containing  10  ml.  of  aluminum  solution  (100  mg.  of 
aluminum).  Dilute  to  700  to  800  ml.  and  precipitate  the 
hydrated  alumina  with  sodium  bicarbonate,  as  described  above, 
filter,  and  ignite  to  obtain  the  0.1  per  cent  tungsten  standard. 
Then  dilute  the  50  ml.  of  tungsten  solution  remaining  in  the  100- 
ml.  volumetric  flask  to  volume,  again  pipet  50  ml.  with  100  mg.  of 
aluminum,  and  repeat  the  precipitation  procedure  to  obtain  the 
0.05  per  cent  standard.  Continue  this  pipetting  and  diluting  of 
the  tungsten  solution  until  the  0.0016  per  cent  standard  is 
obtained.  This  was  the  ultimate  dilution  discernible  by  means  of 
the  author’s  spectrograph. 


Table  II.  Recovery  of  Tungsten 

Residue  from  Preliminary  Acid  Filtrate  from  Preliminary  Acid 
Treatment  of  10-Gram  Sample  Treatment  of  10-Gram  Sample 


(2) 

(3) 

(4) 

(5) 

Tungsten 

Tungsten 

Tungsten 

Tungsten 

recovered 

recovered 

recovered 

recovered 

in  first 

refusing 

after 

on 

Total 

(1) 

NaHSCL 

insoluble 

first  iron 

retreating 

Tungsten 

Weight 

fusion 

from  (2) 

removal 

iron  ppt.  (4) 

Recovered 

Gram 

Mg. 

Mg. 

Mg. 

Mg. 

0.23 

0.024 

N.  D. “ 

0.003 

0.001 

0.028 

0.14 

0.023 

N.  D. 

0.004 

N.  D. 

0.027 

0.29 

0.015 

N.  D. 

0.010 

N.  D. 

0 . 025 

0.17 

0.012 

N.  D. 

0.008 

0.002 

0.022 

0.63 

0.006 

N.  D. 

0.003 

N.  D. 

0.009 

0.47 

0.008 

N.  D. 

0.002 

N.  D. 

0  010 

0.67 

0.006 

N.  D. 

0.004 

N.  D. 

0.010 

0.32 

0.006 

N.  D. 

0.007 

0.001 

0.014 

a  None  detected. 


Development  of  Procedure 

In  the  preliminary  spectrographic  investigation,  using 
various  carriers,  several  persistent  and  satisfactorily  graded 
lines  in  the  tungsten  spectrum  were  observed — namely,  at 
2656.54,  2896.45,  and  2946.98  A.  (2).  The  use  of  the  spectro¬ 
graph  as  a  means  of  final  evaluation  thus  appeared  possible 
and  it  was  on  the  basis  of  spectrographic  estimation  that  the 
procedure  outlined  was  developed. 

The  common  methods  in  use  for  the  determination  of 
tungsten  claimed  no  great  completeness  in  the  isolation  of 
traces  of  the  element,  so  a  preliminary  check  of  these  pro¬ 
cedures  became  essential. 

Using  a  pure  sodium  tungstate  solution,  the  procedure  of 
Schoeller  and  Powell  (4)  was  followed  up  to  the  ignition  of  the 
tungsten-tannin-cinchonine  complex.  The  ash  was  then  dis¬ 
solved  in  ammonium  hydroxide,  the  ammonia  boiled  off,  a  stand¬ 
ard  amount  of  copper  as  a  carrier  added,  and  the  solution  sulfated 
and  fumed  to  dryness.  The  spectrogram  of  this  solid  was  then 
compared  with  that  of  copper  sulfate,  to  which  the  same  amount 
of  tungsten  had  been  added  directly.  It  was  found  that  from  a 
solution  containing  0.20  mg.  of  tungsten,  an  average  of  only  0.03 
mg.  was  recovered,  while  none  was  recovered  from  a  solution  con¬ 
taining  0.02  mg.  This  separation  was  thus  useless  as  a  pre¬ 
liminary  for  spectrographic  estimation. 

An  effort  was  then  made  to  isolate  the  tungsten  as  mercurous 
tungstate,  precipitating  this  compound  from  a  carbonate  solution 
with  an  excess  of  mercurous  nitrate  as  outlined  by  Hillebrand  (3) . 
This  precipitate  was  ashed  at  a  low  temperature,  taken  up  in 
ammonia,  and  arced  with  copper  sulfate  as  before.  Precipitating 
from  tungsten  solutions  containing  0.20  mg.  per  liter  and  a  pH 
range  of  3  to  9,  recoveries  of  0.09  to  0.04  mg.  were  obtained. 
Thus  the  use  of  mercurous  carbonate  as  a  gathering  agent,  while 
more  efficient  than  cinchonine  and  tannin,  was  still  not  quantita¬ 
tive. 


The  use  of  a  suitable  collector  appeared  to  be  the  most  promis¬ 
ing  possibility.  Numerous  collectors  were  tried  and  it  was 
finally  found  that  hydrated  alumina,  as  precipitated  from  boiling 
solution  with  sodium  bicarbonate,  gave  a  quantitative  collection 
of  tungsten. 

An  estimate  of  the  efficiency  of  the  alumina  collector  was  first 
obtained  by  collecting  various  small  quantities  of  tungsten  in 
alumina,  filtering,  and  sulfating  the  residue.  Other  samples  were 
prepared  by  precipitating  tungsten-free  alumina  as  before,  filter¬ 
ing,  adding  the  same  quantities  of  tungsten  as  had  been  collected 
in  the  previous  series,  and  sulfating  the  residue.  In  all  cases  the 
corresponding  tungsten  lines  observed  were  of  the  same  average 
density.  However,  because  of  the  low  aluminum  content  of  the 
aluminum  sulfate  arced  (and  thus  of  tungsten,  since  in  the 
standards  the  tungsten  is  a  definite  percentage  of  the  aluminum) , 
the  tungsten  lines  could  not  be  discerned  below  the  0.025  per  cent 
tungsten  standard.  By  using  an  aluminum  compound  of  lower 
molecular  weight,  the  increased  aluminum  and  tungsten  content 
of  the  sample  arced  results  in  greater  sensitivity  of  the  tungsten 
lines.  With  the  ignited  alumina  base,  as  recommended,  the  sensi¬ 
tivity  was  increased  so  that  the  0.0016  per  cent  tungsten  standard 
could  be  observed. 

Because  of  the  possible  danger  of  loss  of  tungsten  as  tungsten 
oxide  at  high  temperatures,  a  series  of  tests  was  run  on  standards 
to  determine  if  the  alumina  base  permitted  such  loss.  A  quantity 
of  the  standard  was  ignited  strongly  at  1000°  to  1100°  C.  for  2 
hours  and  this  sample  compared  with  the  original,  which  had 
been  ignited  at  a  moderate  temperature  (<800°  C.).  In  all 
cases,  the  standards  showed  no  change  in  line  density. 

In  the  application  of  this  procedure  to  ore  analysis,  it  was  found 
necessary  to  extract  tungsten  from  both  the  residue  and  filtrate 
after  the  initial  acid  treatment. 

In  Table  I  are  listed  some  results  obtained,  using  pure 
silica  and  ferric  chloride.  The  combined  extraction  from 
both  the  residue  and  filtrate  under  the  procedure  outlined 
thus  appears  quantitative. 

The  tungsten  distribution  resulting  from  the  preliminary 
acid  treatment  of  a  series  of  samples  and  the  sensitiveness  of 
the  procedure  outlined  are  shown  in  Table  II.  The  samples 
are  high  in  sulfides  and  contain  1.4  to  6.7  per  cent  of  acid- 
insoluble  matter. 

All  tungsten  is  recovered  from  the  residue  in  one  fusion. 
A  small  additional  recovery  is  made  in  some  cases  on  re¬ 
treating  the  iron  precipitate  from  the  preliminary  acid  treat¬ 
ment  filtrate.  Thus  two  successive  extractions  are  specified 
in  the  procedure. 

In  the  procedure  outlined  for  ores,  various  other  elements 
are  collected  by  the  alumina  and  are  readily  observed  in  the 
spectrogram.  Their  collection  is  not  necessarily  quantita¬ 
tive.  They  include  lead,  arsenic,  antimony,  tin,  zinc,  bis¬ 
muth,  and  silica,  among  others,  and  after  ignition  are  weighed 
together  with  the  alumina  as  AI2O3.  Unless  these  elements 
form  an  unduly  large  percentage  of  the  oxides  weighed  and 
affect  the  carrier  characteristics  of  the  alumina,  they  will  not 
otherwise  change  the  calculated  tungsten  content. 
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A  Fractional-Distillation  Microapparatus 

CARL  TIEDCKE 

Laboratory  of  Microchemistry,  New  York,  N.  Y. 


ONE  of  the  most  important  operations  in  organic  chemical 
work  is  distillation.  Several  excellent  working  appara¬ 
tus  have  been  designed  during  the  past  30  years  for  fractionat¬ 
ing  macroquantities  of  liquids  under  normal  and  reduced 
pressures,  among  which  are  those  of  Kubierschky  (£),  Frie¬ 
drichs  {2),  Widmer  (8),  Midgley  ( 5 ),  Othmer  ( 6 ),  and  Jantzen 
and  Tiedcke  (3).  The  latter,  with  its  specially  constructed 
receiver  unit,  is  widely  used  as  a  standard  apparatus  for  the 
separation  of  high  molecular  fatty  acids  in  the  form  of  their 
esters. 


Microdistilling  equipment,  however,  has  not  received  the 
same  concentrated  attention,  despite  the  fact  that  improve¬ 
ments  in  microchemical  procedures  generally  have  kept  pace 
with  the  tremendous  progress  in  the  chemistry  of  vitamins, 
hormones,  and  other  biologicals.  This  may  partly  be  due  to 
the  fact  that  an  accurate  microthermometer  has  not  been 
developed.  As  a  result,  microdistillations  are  used  primarily 
to  purify  samples  and  not  for  sharp  separation  of  fractions  as 
in  macrodistiilations.  In  fact,  much  of  the  dissatisfaction 
with  microdistillations  often  stems  from  attempts  by  opera¬ 
tors  to  make  quantitatively  sharp  fractionations  with  equip¬ 
ment  (including  that  described  herein)  which  is  obviously 
limited  to  qualitative  purifications.  However,  arbitrary 
fractions  can  be  made  as  a  first  step  to  closer  refractionation. 
Some  microdistillation  apparatus  for  making  arbitrary  frac¬ 
tions  have  been  reported,  noteworthy  among  others,  those  of 


Craig  ( 1 )  and  Shrader  and  Ritzer  (7).  The  limitation  of 
microdistilling  equipment  to  purifications  cannot  be  too 
strongly  emphasized. 

Because  as  much  as  5  to  20  per  cent  of  the  initial  sample  in 
distillations,  for  all  practical  purposes,  can  be  considered  lost, 
owing  to  retention  of  liquid  by  the  surfaces  of  the  apparatus, 
it  becomes  obvious  that  microdistillation  apparatus  should  be 
designed  with  minimum  surface  areas  and  minimum  distance 
between  the  distilling  flask  and  receiver.  Only  in  this  way 
can  maximum  recovery  of  sample  and  distillate  be  obtained. 
Unfortunately,  some  of  the  published  designs  do  not  meet 
this  very  important  requirement. 

In  his  widely  diversified  microchemical  practice,  the  author 
repeatedly  encountered  need  for  improved  microdistilling 
apparatus.  It  was  apparent  that  suitable  apparatus,  to  meet 
these  needs  and  requirements,  could  not  be  built  by  the  simple 
expedient  of  reducing  the  dimensions  of  efficient  macrodistill¬ 
ing  apparatus.  Consequently  a  new  apparatus  was  designed 
in  which  minimum  distance  between  distilling  flask  and  re¬ 
ceiver  was  obtained  by  using  an  “inside  receiver”  and  which 
also  permitted  collection  of  the  arbitrary  fractions  without 
interruption  of  distillation. 

Because  of  the  size  and  shape  of  the  new  apparatus,  exact 
calculations  are  either  extremely  difficult  or  impossible,  and 
proper  proportioning  of  the  parts  was  made  solely  on  a  trial 
and  error  basis  in  various  experimental  models.  Citing  the 
dimension  of  these  earlier  models  is  without  value.  For  most 
purposes,  the  dimensions  of  larger  or  smaller  equipment  to 
purify  materials  with  boiling  points  falling  between  60°  and 
300°  C.  can  be  made  proportional  to  those  of  the  unit  here 
described.  If  departure  must  be  made  from  the  proportions 
given,  a  very  elementary  principle  of  distillation  should  be 
rigidly  adhered  to— i.  e.,  the  volume  of  the  distilling  flask  plus 
the  volume  of  the  condenser  chamber  and  connections  should 
be  substantially  less  than  the  volume  which  the  sample  will 
occupy  when  transformed  into  vapor  at  its  boiling  point. 
Unless  this  principle  is  observed,  reflux  action  will  prevent 
distillation,  especially  with  high  boilers  or  mixtures  with  high 
boiling  components. 

Apparatus 

The  apparatus  (Figure  1)  consists  of  the  distilling  flask  A  with 
a  capacity  of  3  to  5  ml.  The  lower  section  of  neck  B  is  5  mm.  in 
diameter;  its  upper  section,  10  mm.  in  diameter,  connects  the 
flask  with  the  chamber,  C.  This  chamber  has  two  openings; 
the  one  on  top  is  25  to  30  mm.  in  diameter  and  into  it  is  fitted 
condenser  E  with  a  ground-glass  joint  at  c.  (T  V2  ground-glass 
joints,  while  not  specified  for  the  model  which  the  author  is 
currently  using  in  his  practice,  will  be  used  in  future  units.)  The 
condenser  is  drawn  out  to  a  tip  and  is  cooled  by  a  stream  of  cold 
water  which  enters  through  the  glass  tube,  i,  filling  the  condenser 
and  emerging  at  o.  Since  the  effective  condenser  surface  is 
small,  tubes  i  and  o  are  of  a  relatively  large  diameter  (5  mm.)  to 
permit  very  rapid  replacement  of  cooling  water.  Tube  D,  20 
to  25  mm.  in  diameter,  lies  within  C  and  is  fitted  with  a  ground- 
glass  joint  at  d.  This  tube  has  a  5-mm.  hole  at  p  through  which 
the  distillate  drops  from  the  tip  of  the  condenser  into  the  receiver 
unit,  F.  This  unit  consists  of  3  small  beakers  of  1-ml.  capacity 
each,  made  of  glass  and  attached  to  each  other  by  fusion.  It  is 
placed  in  tube  D  through  the  opening  which  is  closed  during  dis¬ 
tillation  with  rubber  stopper  e.  D  has  a  slightly  flattened  floor 
to  provide  a  better  footing  for  the  receiver.  The  two  outer 
beakers  of  the  receiver  unit  are  fitted  with  glass  buttons  elevating 
the  beakers  0.6  cm.  (0.25  inch)  above  the  flattened  floor  of  D  to 
insulate  the  beakers,  so  that  reheating  of  the  distillate  is  re- 
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tarded  as  much  as  possible  when  running  high  boiling  point 
samples.  The  receiver  is  moved  under  the  condenser  tip  by 
means  of  the  glass  rod,  b,  which  passes  through  the  bore  of 
stopper  e.  (6  is  not  fused  to  the  receiver  unit,  as  might  appear 
from  the  picture.  Adjustment  of  the  receiver  unit  could  perhaps 
be  made  easier  at  first  by  providing  a  glass  loop  on  the  unit  to  be 
engaged  by  a  hook  on  the  end  of  b.)  Since  the  rod  must  fit 
tightly,  it  may  be  lubricated  with  glycerol  if  necessary.  The 
apparatus  is  easily  and  quickly  assembled  and  cleaned. 

Operation  is  very  simple.  The  liquid  to  be  distilled  is  placed 
in  A  through  the  top  opening  by  means  of  a  pipet.  For  vacuum 
distillations,  a  porcelain  chip  is  added  to  suppress  bumping. 
However,  even  if  bumping  occurs,  the  collected  distillate  is  not 
likely  to  be  contaminated,  since  the  receiver  is  almost  entirely 
shielded  from  splashed  or  entrained  liquid.  This  protective 
arrangement,  which  also  prevents  the  rubber  stopper  from  com¬ 
ing  into  close  contact  with  the  vapors,  is  one  of  the  principal 
features  of  the  design.  Heat  is  applied  according  to  require¬ 
ments,  by  direct  flame,  a  constant-temperature  bath,  or  electric 
hot  plate. 

For  best  results  heat  should  be  slowly  and  carefully  applied. 
All  the  distillations  cited,  including  the  acetone-ethyl  alcohol 
mixtures,  required  a  minimum  of  15  minutes.  Since  micro¬ 
distillations  are  usually  run  without  temperature  readings,  a 
fair  degree  of  temperature  control  is  obtained  by  the  thermom¬ 
eter  of  the  bath  or  a  calibrated  rheostat  in  the  hot-plate 
line.  The  apparatus  may  be  used  for  distillation  under  nor¬ 
mal  or  reduced  pressures.  Its  efficiency  has  been  tested  with 
many  liquids  with  boiling  points  from  60 0  to  300  °  C.  as  follows : 

Three  groups  of  liquids  were  selected  for  tests  with  boiling 
points  under  120°  for  distillation  at  normal  pressure,  120°  to 
200°  for  distillation  at  about  15  mm.  pressure,  and  200°  to  300° 
for  distillation  at  about  0.1  mm.  For  the  first  group,  3-cc. 
samples  of  acetone  and  ethyl  alcohol  mixtures  were  made  in  the 
ratios  of  1  to  1,  1  to  2,  and  1  to  3.  On  distillation  of  the  1  to  1 
mixture,  the  first  fraction  of  about  1  cc.  was  found  to  be  pure 
acetone,  as  evidenced  by  refractive  index  and  odor.  The  third 
fraction,  also  of  about  1  cc.,  was  found  to  be  pure  ethyl  alcohol. 
Similar  good  results  were  obtained  for  the  other  ratios. 

For  the  second  group  a  mixture  of  benzaldehyde  (boiling  point 
179°)  and  benzoyl  chloride  (boiling  point  198°)  was  distilled  at  a 
pressure  of  about  15  mm.  Carbon  and  hydrogen  determinations 
showed  the  first  and  third  fractions  to  be  practically  pure  separa- 
tions. 

For  the  third  group  a  mixture  of  lauric  acid  (boiling  point  225  °) 
and  myristic  acid  (boiling  point  250°)  was  distilled  at  0.1  mm. 
and  gave  almost  complete  separation  of  these  two  fatty  acids. 
Separate  refractionation  of  the  first  and  third  fractions  then 
yielded  pure  fatty  acids  as  determined  by  elementary  analyses. 

The  efficiency  of  separation  of  any  distillation  equipment  is 
governed  by  many  factors.  The  one  factor  which  imposes 
greatest  limitation  on  a  microdistillation  apparatus  is  that  of 
the  range  of  difference  in  boiling  points  of  components  in  a 
mixture.  In  the  equipment  described,  mixtures  with  com¬ 
ponents  having  only  a  20°  difference  in  boiling  points  are 
readily  separated  without  interruption  to  collect  the  lower 
fraction.  As  the  difference  increases  to  about  40°  continuous 
fractionation  becomes  increasingly  difficult,  and  with  a  dif¬ 
ference  of  over  50°  fractions  must  be  taken  off  separately. 
When  continuous  separation  is  attempted,  the  lower  boiling 
component,  depending  on  the  vacuum  used,  will  either  be 
exhausted  by  the  vacuum  system,  or  condensed,  reboil,  and 
also  be  discharged  by  the  vacuum  system. 

Thus  for  a  mixture  involving  components  with  more  than  a 
50°  difference  in  boiling  points,  this  apparatus  can  recover  only 
one  component  continuously,  though  both  may  be  recovered 
if  the  convenience  of  continuous  operation  is  sacrificed.  For 
materials  with  boiling  points  above  250°,  fractionation  be¬ 
comes  increasingly  difficult  because  of  bumping  tendencies, 
larger  losses  due  to  surface  wetting,  and  the  tendency  for  re¬ 
fluxing  to  occur  at  higher  distillation  temperatures. 

Microdistillation  apparatus  is  intended  primarily  for  puri¬ 
fications  by  means  of  distillation  methods.  Several  practical 
cases  encountered  by  the  author  in  his  practice  illustrate  its 
use. 


A  research  residue  of  about  5  cc.  was  submitted  for  purification 
and  confirming  identification.  The  sample  was  thought  to  be 
quinoline  (boiling  point  238°)  containing  about  10  per  cent  of 
aniline  (boiling  point  184°).  On  distilling  a  3-cc.  sample,  the 
last  two  beakers  of  the  receiver  (about  1  cc.  each)  contained 
pure  quinoline  as  determined  by  -elementary  analysis.  The 
fraction  in  the  first  beaker  proved  to  be  aniline. 

Another  research  residue  consisting  of  y-picoline  (boiling  point 
143°)  containing  about  20  per  cent  of  a-picoline  (boiling  point 
128°)  was  separated  at  15  mm.  and  the  last  two  beakers  (1  cc. 
each)  yielded  pure  y-picoline  checked  by  refractive  index.  Ten 
per  cent  of  the  4-cc.  sample  distilled  w'as  lost. 

In  the  above  cases  both  components  were  recovered  and  iden¬ 
tified.  An  example  of  wide  differences  in  boiling  points  was 
presented  by  purification  of  a  glycerol-w’ater  mixture  submitted 
for  identification  of  glycerol.  Because  a  vacuum  of  0.1  mm.  was 
used,  the  water  estimated  to  be  about  10  per  cent  could  not  be 
collected,  since  at  this  pressure  it  passes  into  the  vacuum  system 
without  condensing.  Pure  glycerol  wras  obtained  and  checked 
by  both  refractive  index  and  elementary  analysis.  Only  75  per 
cent  of  the  glycerol  was  recovered.  The  comparatively  high 
loss  of  25  per  cent  was  caused  by  heavier  wetting  films  due  to 
high  viscosity. 

While  these  examples  generally  indicate  use  of  this  micro- 
distillation  equipment,  it  is  difficult  to  state  precisely  the 
exact  limitations  of  any  microdistillation  apparatus  for  puri¬ 
fication  work.  Each  problem  requires  individual  handling 
and  successful  use  is  largely  dependent  upon  the  skill  and 
judgment  of  the  operator. 

Since  the  term  “microquantities”  is  purely  relative,  samples 
smaller  than  5  cc.  are,  in  the  author’s  conception  from  the 
standpoint  of  distillation,  considered  “micro”  and  are  best 
distilled  in  the  apparatus  described.  For  samples  larger  than 
5  cc.  macro  designs  can  be  employed  because  in  most  instances 
losses  of  sample  due  to  retention  by  glass  surfaces  are  of  no 
consequence.  The  apparatus  with  the  dimensions  described 
in  this  paper  is  suited  to  distilling  2-  to  4-cc.  samples.  The 
same  design  properly  proportioned  can  be  made  for  any 
microquantity  down  to  0.5  cc.  For  still  smaller  samples,  the 
apparatus  of  Craig  ( 1 )  is  recommended,  which  collects  the 
distillate  as  an  adhering  drop  on  the  indented  tip  of  the  con¬ 
denser. 

In  the  design  of  the  apparatus  described,  the  size  of  the 
receiver  beakers  is  a  critical  factor  for  determining  the  other 
dimensions  of  the  apparatus  parts. 

If,  for  example,  1  cc.  of  liquid  is  to  be  distilled  and  three  ar¬ 
bitrary  fractions  are  to  be  taken,  the  total  capacity  of  the  three 
receiver  beakers  need  not  be  larger  than  1  cc.,  thus  making  the 
volume  of  each  beaker  about  0.3  cc.  Such  a  receiver  unit  can  be 
constructed  much  smaller  than  a  receiver  unit  of  3-cc.  capacity, 
and  hence  tube  D,  chamber  C,  and  condenser  E  can  all  be  of 
smaller  dimensions.  It  also  follows  that  as  the  number  of  beakers 
in  a  receiver  unit  are  increased,  their  individual  capacity  must  be 
decreased  in  order  to  maintain  their  proper  relation  to  tube  D, 
location  of  hole  p,  and  the  condenser  tip. 

Since  parts  can  be  easily  made  in  proportion,  an  apparatus 
of  proper  size  can  be  made  for  any  microquantity  from  0.5  to 
5  cc.,  making  it  for  all  practical  purposes  a  truly  universal 
microdistilling  apparatus. 
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INFRARED  spectroscopy  offers  methods  for  the  identi¬ 
fication,  analysis,  and  control  of  hydrocarbon  mixtures, 
which  have  decided  advantages  over  physicochemical  methods 
now  in  use. 

Ordinary  chemical  methods  for  the  analysis  of  mixtures  of 
hydrocarbons  are  long  and  tedious,  and  the  trade  has  long 
resorted  to  the  method  of  physical  separation  of  the  com¬ 
ponents  by  fractional  distillation,  with  identification  of 
the  components  by  their  boiling  points.  This  is  indeed 
an  accurate  method,  but  is  time  consuming.  Even  though 
the  analysis  can  be  accomplished  in  a  matter  of  hours,  many 
hundreds  of  gallons  of  product  would  be  produced  in  a  plant 
before  an  error  in  production  could  be  caught  in  the  labora¬ 
tory.  Therefore  a  method  of  analysis  which  would  require 
at  most  a  matter  of  minutes,  and,  in  control,  a  matter  of 
seconds,  is  highly  desirable. 

Another  point  for  consideration  is  the  fact  that  distillation 
requires  samples  in  the  liquid  state.  For  the  several  hydro¬ 
carbons  which  are  gases  at  normal  temperatures,  this  requires 
condensation  of  the  gases  in  order  to  obtain  samples,  and  the 
usual  difficulties  of  low-temperature  distillations.  The 
spectroscopic  method,  on  the  other  hand,  works  equally 
well  with  gases  or  liquids,  and  requires  only  a  very  small 
fraction  of  the  amount  of  material  needed  for  distillation. 
Furthermore,  this  method  is  readily  adaptable  to  use  in  the 
plant,  since  the  spectrometer  can  be  so  placed  as  to  allow 
the  absorption  cell  to  be  connected  into  the  production  line. 
A  portion  of  the  product  can  be  by-passed  through  the  cell, 
thus  obviating  the  necessity  for  transfer  of  samples  to  a 
separate  laboratory.  Lastly,  the  addition  of  a  relay  device 
permits  automatic  process  control — a  mechanical,  continuous 
"watchman”. 

;j.It  has  been  pointed  out  many  times  in  the  literature  (1,  7,  8 ) 
hat  the  infrared  spectrum  of  an  organic  compound  is  a 
tnique  property  of  that  compound,  and  th;  t,  except  in 
special  instances,  it  retains  that  property  on  admixture  with 
other  compounds.  These  special  instances  are  predictable, 
and  are  of  no  interest  in  discussing  simple  hydrocarbons. 
Thus,  in  general,  in  any  particular  hydrocarbon  mixture, 
the  concentration  of  a  given  component  can  be  determined 
by  infrared  measurements,  if  at  least  one  absorption  band 
of  this  component  can  be  found  at  a  wave  length  for  which 
the  remainder  of  the  mixture  has  negligible  absorption.  A 
determination  of  the  per  cent  transmission  at  this  wave 


length  enables  one  to  measure  the  amount  of  this  component 
which  is  present. 

That  the  problem  of  spectrochemical  analysis  by  infrared 
is  essentially  simple  may  be  readily  seen  by  considering  the 
various  molecules  of  the  components  as  mechanical  systems. 
The  origin  of  infrared  spectra  lies  in  the  mechanical  motions 
of  the  atoms  of  the  molecules.  (Actually,  of  course,  the 
origin  of  infrared  spectra  lies  in  the  periodic  variation  of  the 
dipole  moment  of  the  molecules.  However,  this  is  a  com¬ 
plicated  function  and  a  discussion  is  out  of  place  here.  It 
can  be  found  in  any  standard  text  on  spectroscopy.)  There¬ 
fore,  in  discussing  the  mechanical  analogy,  we  are  approximat¬ 
ing  the  actual  spectroscopic  situation,  since  each  absorption 
frequency  is  related  to  a  particular  mechanical  frequency. 
If  we  have  several  bodies  tied  together  by  suitable  springs, 
and  allow  these  masses  to  move  freely,  restrained  only  by 
the  springs,  they  will  perform  certain  motions  with  particular 
or  characteristic  frequencies.  [The  correlation  between 
motions  of  gross  bodies  bound  by  steel  springs  and  motions 
of  atoms  in  molecules  has  been  shown  by  Kettering,  Shutts, 
and  Andrews  (4)-}  These  frequencies  can  be  made  to  vary 
by  changing  any  of  three  factors — the  masses  involved,  the 
strength  of  the  springs,  or  the  orientation  of  the  masses. 

Choosing  a  specific  chemical  compound  as  an  example,  let  us 
take  the  molecule  butane: 

H  H  H  H 

I  I  I  I 

H— C— C— C— C— H 

I  I  I  I 

H  H  H  H 


These  carbon  and  hydrogen  atoms  will  vibrate  with  certain  fre¬ 
quencies  which  will  give  rise  to  a  characteristic  spectrum.  If  we 
simply  rearrange  this  same  number  of  atoms  into  another  struc¬ 
ture,  we  have  isobutane: 


H 

I 

H— C— H 


H 

H- 


u 

.A<H 

I  lXH 

H  H 


From  the  mechanical  analogy,  it  may  be  seen  that  this  reorien¬ 
tation  of  the  masses  will  give  rise  to  characteristic  frequencies  dif¬ 
ferent  from  those  of  n-butane. 
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Figure  1.  Sghematic  Design  of  a  Compact,  Optically  Powerful  Instrument  for  Making  Spot  Analyses 

Base,  10-ineh  channel  iron 

A.  Source,  Nernst  glower 

Diameter,  cm.  Focal  length,  cm.  Diopter 

B.  Spherical  mirror  9  10  10 

E.  Spherical  mirror  9  25  4 

J.  Spherical  mirror  9  7.14  14 

C.  Sample  cell 

D.  D' .  Slits 

F.  60°  salt  prism,  6  cm.  high,  7.5-cm.  base 

G.  Plane  mirror,  7X6  cm. 

H.  Plane  mirror,  1  X  1.5  cm. 

I.  Prism,  B.  &  L.  1.25-inch  glass 

K.  Thermocouple 


Now,  if  we  remove  two  hydrogen  atoms,  we  can  form  three 
new  molecules : 

H  H  H  H  H  H 

Y 


H  H  H  H 

Y- 


c=c— c- 


H 


H— C— C=C— C— H 


H 


H  H 


Butene- 1 


H 


Butene-2 


H 


H 


H- 


H/ 


C^H 

\h 


Isobutylene 

The  decrease  in  mass  caused  by  the  removal  of  the  hydrogen 
atoms  can  be  neglected,  as  it  is  only  3  per  cent  of  the  total  mass. 
Of  importance,  however,  is  the  fact  that  we  have  double  the 
strength  of  one  of  the  “springs”  holding  the  atoms  together,  and 
hence  have  a  faster  frequency  of  motion  between  two  carbon 
atoms  than  occurs  in  either  of  the  butanes.  Furthermore,  each 
of  these  new  molecules  is  a  mechanical  system  different  from  the 
other  two. 

Finally,  by  removal  of  two  more  hydrogen  atoms  from  butene- 
1,  we  arrive  at  the  molecule  of  prime  interest,  butadiene: 

H  H  H  H 

I  I  I  I 
c=c— c=c 

I  I 

H  H 


At  first  glance,  it  might  be  assumed  that  the  frequency  of  the 
)>c=c/  spring  here  might  be  the  same  as  in  the  previous  mole¬ 
cules.  Actually,  however,  another  physical  phenomenon  ap¬ 
pears,  because  there  is  a  strong  interaction  between  the  motion 
of  the  carbon  atoms,  in  this  case  roughly  analogous  to  the  inter¬ 
action  between  two  coupled  pendulums.  The  organic  chemist 
calls  such  molecules  “conjugated”  hydrocarbons  or  conjugated 
dienes,  and  knows  that  their  chemical  properties  differ  markedly 
from  the  monoolefins. 


The  foregoing  molecules  which  have  been  chosen  for 
purposes  of  illustration  constitute  the  so-called  C4  fraction 
of  petroleum  distillations.  Since  they  have  different  fre¬ 
quencies  of  motion,  they  give  rise  to  characteristic  infrared 


spectra,  and  so  may  be  detected  and  measured  quantitatively 
in  hydrocarbon  mixtures.  In  view  of  the  fact,  however, 
that  the  correlation  between  infrared  absorption  bands  and 
mechanical  motion  holds  in  general,  the  application  of  this 
method  of  spectrochemical  analysis  is  in  no  way  limited  to 
the  cases  herein  cited.  This  method  may  be  used  in  the 
cases  of  many  rather  subtle  organic  analyses,  such  as  the 
differentiation  of  isomers,  rates  of  oxidation,  polymerization, 
etc. 

It  is  the  purpose  of  this  paper  to  present  the  infrared 
spectra  of  certain  compounds  of  particular  interest  in  the 
manufacture  of  synthetic  rubber,  and  to  describe  a  method 
for  analysis  and  for  production  control.  The  spectra  of 
several  synthetic  rubbers  are  also  shown. 

Experimental 

The  apparatus  used  in  this  work  has  been  described 
(2,  S,  5),  together  with  the  spectra  of  a  large  number  of 
organic  compounds  and  the  analytical  and  identification 
techniques  used. 

The  spectra  shown  in  this  article  were  obtained  from  an  auto¬ 
matic  recording,  rock  salt  prism,  Littrow  spectrograph.  The 
usual  working  range  is  from  3750  cm.-1  (2.7 m)  to  750  cm.-1 
(13m).  The  average  spectral  slit  width  employed  decreases  from 
15  cm.-1  at  3000  cm.-1  to  5  cm.-1  at  800  cm.-1. 

Within  experimental  error,  all  measurements  made  on  this  in¬ 
strument  follow  Beer’s  law,  7/70  =  e~kcx.  Here  7/7o  is  the  per 
cent  transmission  (or  1  —  I /1 0,  the  per  cent  absorption)  at  a  par¬ 
ticular  frequency,  k  is  an  absorption  constant  of  a  compound  at 
that  frequency,  c  is  the  concentration  of  the  compound,  and  x 
is  the  path  length  used.  7/70  is  the  direct  experimental  result 
measured  with  a  spectrograph  and  the  accuracy  with  which  it  can 
be  measured  is  determined  by  the  characteristics  of  the  instru¬ 
ment  being  used.  Bearing  this  in  mind,  there  are  two  pertinent 
considerations  concerning  the  exponents  kcx.  First,  except  for  a 
few  special  cases,  at  a  given  frequency  7/7o  remains  constant  so 
long  as  the  product  cx  remains  constant.  Hence  the  concentra¬ 
tion — (i.  e.,  pressure  in  case  of  gas  work) — or  the  cell  length  can 
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be  chosen  arbitrarily  to  suit  experimental  conditions  so  long  as  the 
other  factor  can  be  changed  to  give  a  suitable  cx  value.  Second, 
if  k  and  x  are  held  constant,  a  consideration  of  the  exponential 
graph  for  Beer’s  law  shows  that  a  small  error  in  the  measurement 
of  I /h  represents  different  absolute  errors  in  the  measurement  of 
the  concentration,  depending  upon  whether  the  concentration  is 
high  or  low.  Roughly  speaking,  the  absolute  concentration  of  a 
component  can  be  measured  more  accurately  when  the  concen¬ 
tration  is  low  than  when  it  is  high.  These  points  are  elaborated 
below. 

The  spectra  shown  have  been  plotted  between  2000  cm.-1  and 
750  cm.-1,  because  this  is  generally  the  region  from  which  the 
most  information  can  be  obtained.  Results  obtained  outside 
of  the  region  shown  are  discussed  wherever  they  are  of  impor¬ 
tance.  These  spectra  are  obtained  from  automatic  recordings  of 
the  transmission  through  an  empty  and  a  sample-filled  cell. 
These  records  are  measured  at  given  frequency  intervals  and  the 
quotient  of  each  pair  of  measurements  is  plotted  as  a  graph  of  fre¬ 
quency  in  cm.-1  vs.  per  cent  transmission.  Since  there  may  be  a 
change  in  experimental  conditions  between  these  two  records  and 
since  there  is  no  attempt  to  take  account  of  scattered  light,  the  in¬ 
tensity  scale  shown  is  of  relative  but  not  absolute  importance. 
However,  the  frequency  position  of  the  bands  is  accurate  within 
the  experimental  error  of  the  instrument. 

Automatic  recording  of  cell-empty,  Cell-filled  transmissions  at  a 
given  frequency  for  “spot”  analyses  is  chiefly  of  value  in  measur¬ 
ing  a  long  series  of  similar  samples.  Moreover,  the  size  of  the 
authors’  recording  drum  limits  the  amount  of  the  cell-empty 
transmission  energy  which  can  be  used.  Hence  all  quantitative 
results  given  in  this  paper  were  obtained  by  visual  reading  of  the 
galvanometer  spot  from  an  auxiliary  lamp  and  scale  system. 

A  description  of  the  methods  of  infrared  spectrochemical 
analysis  is  best  achieved  by  taking  a  simple  example  in 
which  it  is  desired  to  obtain  the  concentration  of  one  com¬ 
ponent  in  a  mixture  of  known  materials.  The  spectra  of  all 
the  pure  compounds  present  in  the  mixture  are  compared  and 
an  absorption  band  is  chosen  which  is  unique  to  the  particular 
component  of  interest.  Transmission  measurements  at  the 
frequency  of  the  chosen  band  are  made  on  a  series  of  known 
standards  in  which  the  concentration  of  the  one  component 
is  varied.  A  working  calibration  sheet  is  prepared  by  making 
a  plot  of  concentration  against  these  measured  transmissions. 
Once  the  calibration  data  are  obtained,  any  unknown  may 
be  analyzed  by  filling  the  absorption  cell,  measuring  the 
per  cent  transmission  on  the  instrument,  and  reading  the 
answer  off  the  work  sheet — an  operation  requiring  a  very 
few  minutes.  By  choosing  a  band  unique  to  another  com¬ 
ponent  of  the  mixture  and  preparing  a  calibration  work 
sheet  at  that  frequency,  two  components  may  be  measured 
successively.  This  process  can  be  continued  as  long  as  these 
unique  bands  or  combinations  of  such  bands  can  be  found. 
Working  calibration  sheets  such  as  those  described  above 


have  been  obtained  for  various  mixtures  and  are  illustrated 
below. 

There  may  be  some  objection  that  this  method  of  analysis 
does  not  make  allowance  for  the  absorption  of  the  empty 
cell  or  for  the  scattered  light  present  in  the  instrument.  It  is 
true  that  corrections  for  these  factors  could  be  made  and  the 
working  data  could  be  plotted  as  a  straight-line  graph  of 
log  I/Io  against  concentration.  Such  corrections,  however, 
are  a  function  of  the  particular  instrument  used  and  would 
be  of  no  value  for  analyses  made  on  another  instrument. 
Moreover,  a  working  sheet  on  this  basis  would  require 
additional  calculations  before  it  could  be  used.  In  actuality, 
the  accuracy  of  any  analysis  depends  ultimately  upon  the 
accuracy  with  which  a  per  cent  transmission  can  be  measured, 
and  the  computational  step  from  this  measurement  to  con¬ 
centration  analysis  should  be  as  short  as  possible. 

Because  of  the  persistent  requests  for  suggestions  con¬ 
cerning  infrared  apparatus  the  authors  have  designed  in  this 
laboratory  a  small,  very  simple  spectrometer  with  sufficient 
resolution  and  optical  power  to  satisfy  the  demands  of  the 
problems  at  hand.  This  instrument  was  built  by  the  Porocel 
Corporation  and  is  now  in  very  satisfactory  service  for 
hydrocarbon  analyses  at  their  plant. 

A  schematic  diagram  of  the  spectrometer  is  given  in  Figure  1. 
The  light  path  through  the  instrument  is  shown  in  dotted  line. 
The  instrument  has  an  aperture  of  f.  3.5  and  the  slits  are  ad¬ 
justable  to  give  the  combination  of  energy  and  resolution  desired 
for  a  given  analysis.  The  design  is  a  typical  60°  rock  salt  prism 
Littrow  mounting.  In  its  present  use,  the  absorption  cell  is  intro¬ 
duced  into  the  light  path  on  a  cell  way  and  hand  readings  are 
made  from  a  galvanometer  and  scale.  If  the  instrument  is  to 
be  used  as  a  control  relay  in  the  plant,  the  absorption  cell  could 
be  fixed  in  the  light  path  and  gas  from  a  by-pass  in  the  production 
line  would  be  blown  continuously  through  it.  The  introduction 
of  a  suitable  device  in  the  amplifying  system  would  make  possible 
the  opening  and  closing  of  valves,  variation  in  heat  input  in  the 
process  control,  or  the  sounding  of  alarms.  The  instrument  may 
be  used  for  the  analysis  of  liquid  or  solution  samples  merely  by 
introducing  a  suitable  absorption  cell  in  the  light  path. 

A  photograph  of  the  completed  spectrometer  is  shown  in 
Figure  2.  The  apparatus  is  shown  from  the  operator’s  viewpoint 
with  the  galvanometer  lamp  and  scale  used  in  making  analyses. 
The  two  glass  leads  to  the  absorption  cell  can  be  seen  projecting 
above  the  instrument.  Figure  3  shows  the  completed  spectrom¬ 
eter  with  the  covers  removed  and  a  foot  rule  laid  on  the  base  for 
size  comparisons.  This  view  is  directly  comparable  with  the 
schematic  diagram  of  Figure  1,  so  that  the  component  parts  may 
be  determined  by  corresponding  positions  on  the  base.  The  per¬ 
formance  of  this  small  spectrometer  with  respect  to  optical  power, 
resolution,  and  reproducibility  far  exceeded  expectations  at  the 
time  it  was  designed. 


Figure  2.  Small  Infrared  Spectrometer  for  Spot  Analyses 
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Figure  3.  Small  Infrared  Spectrometer  with  Covers  Removed 


Discussion 

An  infrared  spectrum  may  be  divided  roughly  into  two 
parts,  a  high-frequency  and  a  low-frequency  region,  the 
division  line  being  somewhere  in  the  neighborhood  of  1300 
cm.-1.  In  the  high  region,  the  observed  absorption  bands 
are  likely  to  be  caused  essentially  by  a  vibration  of  a  specific 
pair  or  group  of  atoms  within  a  molecule,  such  as  0 — H,  C— H, 
N — H,  C=0,  C=C,  aromatic  rings,  etc.  In  the  low  region, 
on  the  other  hand,  bands  arise  from  vibrations  in  which  all 
the  atoms  of  the  molecule  take  part.  Upon  comparing 
the  spectra  of  an  unknown  and  a  known  molecule,  complete 
coincidence  of  bands  both  in  position  and  intensity  in  the 
high  region  indicates  that  the  same  atomic  groups  are  present, 
but  does  not  necessarily  permit  the  conclusion  that  the 
molecules  are  identical.  On  the  other  hand,  since  the  lower 
frequency  bands  are  more  nearly  characteristic  of  the  mole¬ 
cule  as  a  whole,  a  matching  of  their  spectra  throughout  both 
regions  would  certainly  show  that  the  known  and  unknown 
molecules  are  identical.  These  characteristics,  as  well  as 
their  use  in  analytical  work,  are  illustrated  in  the  discussion 
below. 

Figure  4  shows  the  spectra  of  n-butane,  isobutane,  and  a 
mixture  of  36  per  cent  n-butane,  60  per  cent  isobutane,  and 
4  per  cent  other  gaseous  hydrocarbons.  Both  spectra  of  the 
pure  compounds  have  strong  bands  at  1450  cm.-1,  a  general 
C — H  group  bending  vibration.  Again,  both  have  a  band 
around  1375  cm.-1  which  is  characteristic  of  a  methyl  group 
absorption.  This  band  in  isobutane  is  double — one  com¬ 
ponent  at  1375  cm.-1,  the  other  at  1360  cm.-1.  This  doubling 
is  characteristic  of  a  terminal  isopropyl  group. 

However,  spectral  differences  and  not  similarities  are  of 
prime  importance  in  analytical  work.  It  is  immediately 
apparent  that  n-butane  has  a  strong  band  at  975  cm.-1,  a 
region  in  which  there  is  negligible  absorption  in  isobutane. 
The  reverse  situation  is  true  at  1180  cm.-1  where  the  iso 


form  has  a  band  and  the  normal  has  not.  Both  these  bands 
are  seen  to  appear  in  the  mixture.  Therefore,  an  analysis 
for  one  component  in  the  presence  of  the  other  is  a  simple 
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Figure  4.  Infrared  Spectra  of  Pure  and  Mixed  C<  Satu¬ 
rated  Hydrocarbons 
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Figure  5.  Working  Calibration 
Curve  at  1180  Cm.-1 

Per  cent  transmission  of  various  pressures  of 
isobutane  in  a  mixture  of  approximately  150 
mm.  of  butane  +  isobutane.  Scattering  of 
points  is  less  than  1  mm.  in  150,  or  an  accuracy 
of  better  than  ±1  %  of  total  composition. 


Figure  6.  Graph  of  Figure  5  Re¬ 
duced  to  a  Straight-Line  Plot  of 
Log  Per  Cent  Transmission  vs. 

Isobutane  Concentration 

Values  of  Figure  6  have  been  corrected 
for  scattered  light  and  variation  in  total 
pressure.  Constant  b  includes  cell  length, 
total  pressure,  and  absorption  coefficient  K. 


Table  I.  Isobutane  Content 


Chemical 

% 


Spectroscopic 

% 


is  useful  for  extrapolation  to  a  range 
of  concentration  for  which  calibration 
standards  might  be  difficult  to  pro¬ 
cure. 

With  respect  to  this  particular  mix¬ 
ture,  the  authors  measured  some  samples 
for  their  isobutane  content,  in  order  to 
compare  results  with  those  obtained  by 
fractional  distillation .  Here  one  sample 
was  taken  as  a  standard  and  the 
method  of  Figure  6  was  used  for  measur¬ 
ing  the  others.  Table  I  gives  the  results 
for  each  method  of  analysis.  This  com¬ 
parison  offers  a  further  proof  of  the 
accuracy  of  spectroscopic  methods. 

Figure  7  shows  the  spectra  of  the 
unsaturated  C4  hydrocarbons.  It  was 
pointed  out  above  that  a  double  bond 
would  be  a  much  stronger  “spring” 
than  a  single  bond.  This  stronger 
spring  is  apparent  in  butene-1,  butene- 
2,  and  isobutylene,  where  a  C=C  vi¬ 
bration  occurs  at  1650  cm.-1.  In 
butadiene,  however,  the  presence  of  two 
strong  springs  connected  by  a  weaker 
one  causes  two  strong  bands,  one  at 
1825  cm.-1,  the  other  at  1600  cm.-1.  The  butene-1  was 
rated  at  95  per  cent  purity.  Because  of  the  presence  of  the 
weak  bands  at  1825  cm.-1  and  1600  cm.-1,  it  is  likely  that 
butadiene  is  a  major  impurity  in  the  butene-1. 
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matter  according  to  the  technique  outlined  above.  The 
working  calibration  sheet  shown  in  Figure  5  was  obtained 
by  setting  the  instrument  for  the  isobutane  band  at  1180 
cm.-1,  filling  an  absorption  cell  with  mercury  manometric 
measures  of  isobutane,  making  up  the  mixtures  with  n-butane 
to  about  150-ml.  total  pressure,  and  determining  the  per 
cent  transmission  of  the  prepared  samples.  A  smooth 
curve  drawn  through  these  points  shows  a  scattering  of  less 
than  ±1  mm.  of  isobutane  or  an  accuracy  of  better  than 
±  1  per  cent  of  the  total  mixture,  in  spite  of  the  rough  method 
of  filling  the  cell.  The  time  to  obtain  this  curve  was  3  hours. 
After  this  working  sheet  is  once  obtained,  the  time  to  analyze 
any  unknown  after  the  cell  is  filled  would  be  no  more  than 
5  minutes.  If  the  n-butane  content  is  also  desired,  another 
5  minutes  is  required  for  a  measurement  at  975  cm.-1.  In¬ 
cidentally,  it  is  not  essential  for  an  analysis  that  one  compo¬ 
nent  have  a  negligible  absorption  at  the  frequency  for  which 
the  second  absorbs  strongly.  Actually,  the  accuracy  of 
analysis  at  any  frequency  is  a  linear  function  of  the  difference 
in  absorption  coefficients  ( k )  of  the  two  components  at  this 
frequency.  It  is  in  order  to  make  this  difference  as  large  as 
possible  that  analyses  are  made  at  that  frequency  for  which 
one  component  has  a  strong  absorption  while  that  of  the 
other  is  negligible. 

In  order  to  illustrate  the  method  of  working  with  a  log 
per  cent  transmission  plot,  the  values  of  Figure  5  were  cor¬ 
rected  by  a  constant  factor  for  scattered  light,  cell  window 
absorption,  and  variation  in  total  pressure ;  and  the  straight- 
line  graph  of  Figure  6  was  plotted.  This  method  of  treating 
the  data  is  theoretically  much  more  rigorous.  The  resultant 
accuracy  (or  point  scattering)  is  the  same  in  Figure  6  as  in 
Figure  5,  although  a  greater  time  is  required  to  prepare  the 
calibration  sheet.  However,  the  method  of  log  7/70  plotting 


Figure  7.  Infrared  Spectra  of  C4  Unsaturated  Hydro¬ 
carbons 


88 


INDUSTRIAL  AND  ENGINEERING  CHEMIST  RjY 


Vol.  15,  No.  2 


Figure  8.  Infrared  Spectra  of  Mixed  Unsaturated  C4 
Hydrocarbons 


Figure  9.  Working  Calibration 
Curve  at  1650  Cm.-1 

For  partial  pressure  of  butene-1  in  approx¬ 
imately  120  mm.  of  butene-1  -j-  n-butane 

These  higher  frequency  absorptions  can  be  used  in  analyz¬ 
ing  unsaturated  hydrocarbons  for  the  presence  of  saturated 
components,  or  monoolefins  for  the  presence  of  conjugated 
olefins.  The  spectra  of  such  mixtures  are  shown  in  Figure  8. 
Figures  9  and  10  are  working  sheets  prepared  for  a  series 
of  mixtures  of  butene-1  in  n-butane,  and  butadiene  in  butene- 
2.  Again,  the  scattering  of  these  points  shows  that  the 
accuracy  of  analysis  for  one  component  in  this  range  is 
better  than  ±1  per  cent  of  the  total  mixture. 

The  authors  have  tried  to  illustrate  the  applicability  of 
infrared  spectroscopic  analysis  to  the  essential  steps  in  the 
preparation  of  butadiene  for  rubber  synthesis.  There  are 
two  further  considerations  which  should  be  discussed. 

It  is  apparent  from  the  examples  chosen  that  the  contents 
of  the  binary  mixtures  shown  above  can  be  analyzed  quickly 
and  accurately.  The  question  may  arise  as  to  the  possibility 
of  a  complete  analysis  of  a  mixture  of  all  C4  hydrocarbons 
which  may  result  from  one  process.  The  success  of  such  an 
analysis  cannot  be  predicted  from  an  examination  of  the 
spectra  shown.  It  may  not  be  possible  to  find  a  band  for 
each  component  which  is  unique  to  that  component.  How¬ 
ever,  there  is  the  possibility  of  finding  a  band  which  is  com¬ 
mon  to  two  components  and  a  band  unique  to  one  of  these 
two.  The  second  component  can  then  be  found  by  a  dif¬ 


Figure  10.  Working  Calibration 
Curve  at  1825  Cm.-1 

For  partial  pressure  of  butadiene  in  approx¬ 
imately  150  mm.  of  butadiene  +  butene-2 

ference  method.  An  extension  of  this  method  may  lead  to 
the  necessity  of  allowing  for  three  or  four  components  at  one 
frequency.  Such  a  situation  may  tend  to  lower  the  over-all 
accuracy  of  the  analysis  to  a  slight  extent.  However,  this 
method  can  be  used  without  appreciable  loss  of  time.  In 


Figure  11.  Infrared  Spectra  of  Some  Intermediates  in 
Production  of  Synthetic  Rubber 
Samples  studied  as  liquid  or  solid  films 
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Figure  12.  Infrared  Spectra  of  Natural  and  Synthetic 

Rubbers 


fact,  a  routine  analysis  performed  in  this  laboratory  measures 
the  presence  of  six  impurities  in  a  mixture  with  an  accuracy 
of  ±  1  per  cent  of  the  total  mixture. 

The  second  point  concerns  the  fact  that  the  working  sheets 
shown  measure  the  presence  of  one  component  between 
20  and  80  per  cent  concentration.  It  can  be  seen  from  the 
steepening  slope  above  80  per  cent  concentration  or  from 
a  consideration  of  the  exponential  nature  of  Beer’s  law, 
that  the  accuracy  of  direct  analysis  for  one  component  falls 
off  as  the  concentration  of  that  component  approaches  100 
per  cent.  In  fact,  for  such  high  concentrations  it  is  more 
accurate  to  analyze  for  the  lesser  components  and  obtain 
the  major  component  by  difference.  Below  20  per  cent,  the 
accuracy  of  analysis  for  a  component  increases  markedly. 
Consider  an  analysis  at  1180  cm.-1  for  a  1  per  cent  con¬ 
centration  of  isobutane  in  n-butane.  Since  the  absorption 
of  the  n-butane  is  practically  negligible,  the  absorption  cell 
can  be  filled  to  atmospheric  pressure.  Isobutane  will  be 
present  to  7.6-mm.  pressure  and  can  be  measured  with  an 
accuracy  better  than  =*=  1  mm.  Hence  the  accuracy  for 
this  concentration  of  isobutane  is  better  than  1  part  in  760 
or  approximately  =*=  0.1  per  cent  of  the  total  mixture. 

The  infrared  spectra  of  a  few  other  intermediates  in  the 
production  of  synthetic  rubber  are  shown  in  Figure  11.  The 
spectrum  of  polystyrene  has  been  included  to  illustrate  the 
spectral  changes  which  occur  upon  polymerization.  The 
monomer  styrene  bands  at  1625  cm.-1,  the  C=C  vibration, 
and  at  1410  cm.-1,  the  bending  vibration  of  the  vinyl  C=H 
group,  have  completely  disappeared  in  the  polymer.  These 
unique  bands  are  of  great  value  in  measuring  the  amount 


of  monomer  present  in  a  monomer-polymer  mixture.  By 
extracting  time  interval  samples  from  a  polymerization 
reaction,  the  rate  of  reaction  under  various  experimental 
conditions  can  be  measured  quickly  and  accurately.  The 
method  suggests  itself  as  a  possibility  for  measuring  reaction 
rates  in  rubber  synthesis.  A  characteristic  band  of  acrylo¬ 
nitrile  is  the  C=N  absorption  at  2240  cm.-1  (this  region 
is  not  shown  in  Figure  12).  Since  this  chemical  group  is  not 
affected  in  the  synthesis  of  Perbunan  and  Hycar,  it  is  found 
to  reappear  in  the  spectra  of  these  rubbers.  Again  a  unique 
band  is  offered  for  quantitative  work.  The  spectrum  of 
2,3-butylene  glycol  shows  little  absorption  in  the  unsaturated 
region  from  1900  cm.-1  to  1600  cm.-1.  An  analysis  for  un¬ 
saturated  materials  in  this  compound  is  therefore  readily 
possible. 

•In  order  to  show  that  infrared  spectroscopy  can  also  be 
used  to  derive  information  concerning  some  natural  and 
synthetic  rubbers  themselves,  several  spectra  are  shown  in 
Figures  12  and  13.  (The  formulas  for  the  unit  structure  of 
these  compounds  were  taken  from  Powers,  6.) 

These  spectra  exhibit  marked  differences,  so  that  an  un¬ 
known  rubber  can  be  identified  by  comparison  of  its  spec¬ 
trum  with  that  of  a  known  sample.  Moreover,  the  spectra 
offer  information  concerning  the  structure  of  the  molecules 
themselves. 

These  samples  of  rubber  were  the  purest  ones  available 
to  the  authors  at  the  time.  Their  history  is  not  well  known, 
and  some  oxidation  may  have  occurred  which  would  lead 
to  the  presence  of  spurious  bands  in  the  spectrum.  The 
general  spectrum,  however,  must  be  close  to  that  of  the 
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pure  substance.  The  method  of  preparing  samples  for 
study  was  to  form  a  “gluey”  state  of  the  rubber  by  mixture 
with  a  suitable  material  as  carbon  tetrachloride  or  acetylene 
tetrachloride.  A  film  of  this  glue  w^as  spread  on  a  rock 
salt  plate  and  the  solvent  was  evaporated. 

Strong  bands  are  observed  in  the  spectrum  of  pure  natural 
crepe  rubber  at  1750  cm.-1,  1610  cm.-1,  and  1375  cm.-1. 
It  was  known  that  this  sample  was  6  years  old.  This  fact 
is  evident  in  the  spectrum,  for  the  C=0  band  at  1750  cm.-1 
shows  that  considerable  oxidation  has  taken  place.  The 
strength  of  this  band  could  be  used  to  make  a  quantitative 
analysis  of  the  amount  of  oxidation  in  a  sample  for  correlation 
with  elasticity  or  abrasion  tests.  The  1610  cm.-1  band  is 
probably  caused  by  a  C=C  bond  while  the  1375  cm.-1 
absorption  points  to  the  presence  of  methyl  linkages.  The 
small  shoulder  at  1360  cm.-1  suggests  that  some  of  these  may 
be  terminal  isopropyl  groups.  Somewhat  similar  bands  are 
seen  in  the  spectrum  of  guayule,  although  the  greater  number 
of  absorptions  in  the  region  from  1600  cm.-1  to  1800  cm.-1 
points  to  a  greater  complexity  of  unsaturated  material  in  the 
guayule  than  in  the  crepe  rubber. 

The  bands  at  1650  cm.-1  in  Neoprene  GN  and  at  1635  cm.-1 
in  Buna  S  are  caused  by  the  presence  of  the  C=C  linkage. 
Neither  compound  has  indication  of  methyl  groups  at  1375 
cm.-1.  Butyl  rubber  and  Thiokol  B  show  no  absorption  in 
the  1650  cm.-1  region,  suggesting  that  there  is  far  less  un- 
saturation  present  in  these  samples  than  in  the  previous 
two.  Butyl  rubber  has  a  peculiar  double  band  at  1375  cm.-1. 
This  band  splitting  is  different  from  that  exhibited  by  an 
isopropyl  group  and  may  be  characteristic  of  a  tertiary 
butyl  group.  The  bands  at  1595  and  1495  cm.-1  observed 
in  Buna  S  are  characteristic  of  an  aromatic  ring.  The 
presence  of  these  bands  in  an  unknown  rubber  sample  would 
immediately  label  it  as  a  styrene-type  rubber.  The  spectra 
of  Perbunan  and  Hycar  OR  are  seen  to  be  very  similar  in 
frequency  absorption,  although  the  relative  intensities  of 
the  bands  are  different.  This  similarity  is  not  surprising, 
since  the  Perbunan  is  approximately  25  per  cent  acrylonitrile 
and  75  per  cent  butadiene,  while  the  ratio  is  40  per  cent  to 
60  per  cent  in  Hycar.  The  strong  1825  cm.-1  band  of  buta¬ 
diene  has  disappeared,  since  the  conjugation  has  been  broken 
in  synthesis.  As  pointed  out  above,  these  two  spectra  show 
the  C  =  N  band  at  2240  cm.-1,  which  provides  an  immediate 
tag  for  acrylonitrile  rubbers. 

Summary 

Rapid  quantitative  analysis  of  compounds  of  prime 
interest  in  the  production  of  synthetic  rubber  is  possible 
using  a  relatively  simple  technique  of  spectroscopy.  An 
apparatus  suitable  for  such  analyses  is  described,  which  does 
not  require  skilled  technicians.  It  may  be  easily  converted 
into  an  automatic  control  device  for  the  control  of  production. 
The  spectra  of  the  natural  and  synthetic  rubbers  illustrated 
provide  information  concerning  the  structure  of  the  rubber 
molecules  and  could  be  used  to  identify  the  type  of  rubber 
present  in  unknown  samples. 
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A  Vacuum  Take-Off  Receiver 
for  Solids 

JOSEPH  B.  HYMAN1,  U.  G.  I.,  Philadelphia,  Penna. 

MANY  satisfactory  distillation  receivers  for  glass  labora¬ 
tory  stills  are  available  for  measuring  and  collecting 
distillates  which  are  liquids  at  ordinary  temperatures.  Those 
designed,  however,  for  distillates  which  are  solids  at  ordinary 
temperatures  usually  leave  much  to  be  desired.  After  many 
trials,  a  receiver  was  designed  which  has  given  excellent 
results  in  the  distillations  of  such  materials  as  naphthalene, 
diphenyl,  anthracene,  and  phenanthrene.  An  outstanding 
feature  is  a  unique  two-way  stopcock  arrangement. 


flask;  a  jacket,  D,  enclosing  both  the  barrel  and  the  stopcock, 
to  permit  circulation  of  a  suitable  liquid  at  any  desired  tempera¬ 
ture;  an  equalizing  line  with  a  two-way  stopcock,  E;  and  a 
24/40  male  joint,  F,  for  connecting  a  collection  flask. 

Stopcock  C,  as  shown  in  the  diagram,  has  a  tapered  glass  tail 
for  a  hose  connection  blown  directly  onto  the  end  of  the  barrel 
casing.  Stopcocks  of  this  type  usually  have  an  extended  barrel 
to  which  the  hose  is  attached  or  have  a  small  extension  out  of  the 
top  of  the  barrel  casing.  The  first  type  is  unsatisfactory,  as 
turning  the  cock  causes  the  hose  to  twist  and  often  results  in 
breaking  the  stopcock  seal.  The  second  type  does  not  permit 
the  stopcock  to  be  jacketed.  By  the  arrangement  illustrated  in 
C,  the  cock  turns  freely  and  there  is  no  danger  of  loss  of  vacuum. 

In  actual  distillation,  when  a  fraction  is  to  be  taken,  stopcock 
E  is  turned  so  that  the  lower  portion  of  the  equalizing  line  is 
isolated  from  the  still;  then  stopcock  C  is  turned  to  permit 
release  of  the  vacuum  in  the  collection  flask;  after  a  new  receiver 
is  put  in  place,  the  hose  connected  to  C  is  attached  to  a  vacuum 
line  and  the  pressure  is  reduced ;  the  stopcocks  then  are  returned 
to  their  proper  positions. 

The  apparatus  is  not  limited  to  the  collecting  of  solids  or  to 
distillations  made  at  reduced  pressures.  It  works  equally 
as  well  at  atmospheric  pressure  and  when  the  proper  cooling 
medium  is  circulated  it  is  very  satisfactory  for  use  with  low- 
boiling  distillates. 
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Lubricating  Oil  Detergency 

S.  K.  TALLEY  AND  R.  G.  LARSEN 
Shell  Development  Company,  Emeryville,  Calif. 


The  significance  of  lubricating  oil  detergency  is 
discussed  with  reference  to  various  types  of  internal 
combustion  engines.  Four  methods  for  evaluating 
this  important  property  are  described. 

One  is  a  chromatographic  procedure  for  deter¬ 
mining  the  depth  of  penetration  through  sand  of 
lampblack  suspended  in  the  oil.  Two  other  meth¬ 
ods  involve  separation  of  asphaltenes  from  the 
oil,  by  centrifuging  and  by  filtration  through  an 
asbestos  mat,  respectively.  The  fourth  depends 
upon  the  relation  between  the  degree  of  dispersion 
of  oil-insoluble  material  and  transmissivity  to 
infrared  radiation. 

In  the  chromatographic  test,  lampblack  was 
selected  because  of  its  similarity  to  the  sooty  fuel 


DETERGENCY  is  a  necessary  property  of  lubricating 
oils  for  use  in  internal  combustion  engines.  Specifically, 
oils  must  have  the  capacity  of  carrying  away  soot  and  other 
combustion  chamber  detritus,  as  well  as  their  own  decompo¬ 
sition  products,  in  order  that  engine  deposits  shall  not  accu¬ 
mulate  and  interfere  with  normal  engine  operation.  This  re¬ 
quirement  creates  a  special  problem  in  Diesels,  which  produce 
relatively  large  amounts  of  soot  from  incomplete  combustion 
of  the  fuel,  and  it  has  been  found  necessary  to  incorporate  de¬ 
tergent  additives  in  oils  for  such  service  in  order  to  avoid  pre¬ 
mature  engine  failure  from  ring  sticking.  High-output  en¬ 
gines,  which  operate  at  high  piston  and  cylinder  wall  tempera¬ 
tures,  also  create  special  detergency  problems  in  regard  to 
lacquering  and  ring  sticking.  For  low-output  engines,  operat¬ 
ing  on  clean  burning  fuels,  the  inherent  detergency  of  plain 
mineral  oil  is  usually  sufficient  to  keep  the  engine  clean. 

While  acceptable  detergent  additives  have  been  on  the  mar¬ 
ket  for  a  number  of  years,  the  development  of  newer  and  bet¬ 
ter  additives  has  been  hampered  by  the  lack  of  simple  labora¬ 
tory  methods  of  testing  oils  specifically  for  detergent  proper¬ 
ties.  Engines  have  had  to  be  used  for  this  testing,  even  in  the 
preliminary  stages  of  testing  experimental  additives,  although 
their  use  has  simultaneously  involved  other  variables,  the  least 
desirable  of  which  has  been  a  wide  variation  in  quantity  of 
material  to  be  dispersed  in  supposedly  comparable  tests. 
Other  reasons  for  desiring  small-scale  laboratory  tests  for  de¬ 
tergency  are  small  sample  requirements,  speed  of  testing,  re¬ 
producibility,  and  at  least  a  partial  separation  of  variables. 
This  paper  describes  four  methods  that  have  been  found  use¬ 
ful  for  investigating  detergency  on  an  empirical  basis  in  this 
laboratory  and  the  field  of  usefulness  of  each. 

Detergency  is  complex  and  a  single  test  cannot  be  expected 
to  provide  an  absolute  evaluation  that  wall  fit  the  diversity  of 
conditions  that  prevail  in  an  engine.  From  a  physicochemical 
point  of  view  it  is  a  generic  term  and  includes  a  variety  of 
actions,  such  as  solubilization,  emulsification,  and  base  ex¬ 
change  (2) .  The  experiments  indicate,  however,  that,  in  an 
engine,  lubricating  oil  detergency  acts  in  general  to  prevent 
deposition  on  solid  surfaces  rather  than  to  remove  deposits 
already  formed.  The  success  of  a  test  depends  upon  a  judi¬ 
cious  compromise  of  a  number  of  effects  and  its  usefulness 
upon  an  understanding  of  the  limitations  of  each  method. 
The  greatest  difference  found  in  the  detergency  requirements 
of  lubricating  oils  lies  in  the  fact  that  the  materials  to  be  dis¬ 


deposits  in  Diesel  engines,  and  the  laboratory  re¬ 
sults  are  in  good  agreement  with  experience  on  the 
Caterpillar  Diesel.  On  the  other  hand,  the  pro¬ 
cedures  employing  asphaltenes  measure  the  pepti¬ 
zation  of  oil  oxidation  products  and  correlate  more 
nearly  with  ratings  of  the  Lauson  and  certain  other 
engine  tests. 

It  is  concluded  that  the  laboratory  tests  are  of 
interest  in  elucidating  the  nature  of  deposit  forma¬ 
tion  in  engines  and,  within  limits,  also  provide  a 
useful  means  for  evaluating  the  detergent  charac¬ 
teristics  of  lubricating  oil  additives.  However, 
specific  application  of  the  tests  requires  considera¬ 
tion  of  the  type  of  material  deposited  in  a  given 
engine  as  well  as  the  operating  temperature. 


persed  vary  from  soot  (derived  from  fuel)  to  asphaltenes  (de¬ 
rived  from  oxidized  lubricants) . 

The  difference  in  action  of  low  viscosity  index  oils  (in  the 
range  30  to  60)  and  high  viscosity  index  oils  may  be  mentioned 
as  an  example  of  the  complex  nature  of  lubricating  oil  deter¬ 
gency.  There  is  generally  no  difficulty  in  securing  representa¬ 
tive  samples  during  the  course  of  oxidation  of  high  Y.  I.  oils 
in  the  Indiana  oxidation  test  and  there  is  considerable  assur¬ 
ance  that  each  such  sample  will  contain  a  proportionate  part 
of  the  oil  oxidation  products.  In  contrast,  low  V.  I.  oils  do 
not  so  readily  maintain  oxidation  products  in  suspension,  and 
serious  errors  in  analysis  can  result  when  an  attempt  is  made 
to  withdraw  representative  samples;  a  large  part  of  the  oxi¬ 
dation  products  separate  out  and  adhere  firmly  to  the  glass 
container.  This  same  difference  in  detergent  action  is  re¬ 
flected  in  Lauson  engine  tests  for  lacquering  tendencies.  Low 
V.  I.  oils  generally  begin  to  deposit  lacquer  on  the  piston  skirt, 
etc.,  from  the  start  of  the  test,  while  high  V.  I.  oils  have  an  in¬ 
duction  period  during  which  concentration  of  oxidation  prod¬ 
ucts  builds  up  in  the  oil  while  little  or  no  lacquering  takes  place 
and  then,  depending  on  the  engine  conditions,  oil-insolubles 
may  even  remain  at  a  relatively  constant  value  after  the  deposi¬ 
tion  of  lacquer  is  well  established.  From  this  picture  it  would 
appear  that  high  Y.  I.  oils  have  a  greater  detergency  than  low 
V.  I.  oils;  however,  it  is  for  precisely  the  reverse  reason  that 
undoped  low  V.  I.  oils  are  considered  best  for  lubricating 
Diesel  engines.  This  anomaly  may  eventually  be  explained  on 
the  basis  of  factors  other  than  detergency. 

As  an  example  of  the  complexity  of  detergent  action  in 
another  field,  McBain  and  others  show  that  the  detergent  ac¬ 
tion  of  potassium  myristate  is  increased  20  times  by  a  50  per 
cent  excess  of  potassium  hydroxide  and  4  times  by  a  10  per 
cent  excess  of  myristic  acid.  Wide  variations  are  also  shown 
for  change  in  the  concentration  of  the  neutral  soap,  the  tem¬ 
perature,  and  even  the  method  of  making  up  the  solutions  (3). 
Similar  effects  probably  exist  in  lubricating  oil  detergency. 

In  1938,  Bray,  Moore,  and  Merrill  (I)  described  a  simple 
method  for  evaluating  lubricating  oil  detergency,  in  which 
specimens  of  white  cloth  were  soiled  in  a  standard  dispersion  of 
lampblack  in  the  lubricant  under  test.  The  soiled  cloth  was 
washed  in  an  equal-volume  mixture  of  oil  and  naphtha  (Stoddard 
solvent)  and  then  in  naphtha  alone  until  the  washings  were 
clear.  The  efficiency  of  the  detergent  agent  was  denoted  by  the 
grayness  of  the  washed  cloth  in  comparison  with  a  blank  test  in 
which  no  additive  was  present.  No  study  was  made  of  this  test 
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Table  I.  Effect  of  Heat  on  Oxidized  Oil  Solubility 


(Centrifugal  detergency  test) 


Treatment  before  Centrifuging 

Oil-Insolubles, 

Procedure 

Mixing 

Storage® 

in  Reference  Oxidized  Oil  ^ 

Hours 

°  C. 

Hours 

°  C. 

%  by  weight 

A 

2 

30 

0.81,0.82,0.83 

B 

10  min. 

30 

*1 

li’o 

0.66 

C 

1 

110 

1 

no 

0.65,0.66 

D 

1 

150 

2 

30 

0.62 

E 

1 

150 

1 

150 

0.58,0.62 

F 

1 

250 

1 

250 

0.86, 0.82 

“  In  centrifuge  tube  just  prior  to  centrifuging,  no  stirring. 
b  SAE  30  Western  oil,  oxidized  in  Indiana  oxidation  apparatus  and  com¬ 
posited  for  these  experiments. 


in  the  present  investigation,  because  the  dilution  with  naphtha 
introduced  an  undesirable  factor  of  uncertainty. 

A  simple  setting  test  for  detergency  was  examined  in  some 
detail.  In  this  test,  oils  were  shaken  up  with  0.2  per  cent  by 
weight  of  lampblack  and  allowed  to  stand  at  room  temperature, 
and  observations  were  made  of  the  settling  times  to  give  a  clear 
meniscus,  a  cloudy  oil,  and  a  clear  oil.  The  test  was  applied  to 
thirty  oils  of  comparable  viscosity,  but  of  different  base  stocks  and 
with  different  additives.  There  was  no  correlation  of  the  rating 
given  the  oils  in  this  test  and  the  rating  obtained  with  general 
engine  experience.  In  fact,  some  very  effective  detergents  were 
rated  poor  and  a  few  plain  oils  without  detergent  additives  were 
rated  excellent. 

A  static  peptization  test  was  also  tried  without  success.  In 
this  test,  about  0.3  gram  of  powdered  asphaltenes  was  placed  in  a 
small  vial  and  10  ml.  of  oil  to  be  tested  were  gently  added.  Once 
each  day  the  vial  was  gently  inverted  and  inspected  to  see  if  any 
detergent  action  had  taken  place.  There  was  no  other  stirring 
in  the  test.  A  series  of  oils  was  tested  simultaneously  on  one 
rack  and,  while  there  was  a  difference  in  detergent  action,  the 
relative  rating  had  no  apparent  significance. 

The  four  tests  discussed  below  were  found  to  give  useful 
information. 

Centrifugal  Detergency  Test 

The  centrifugal  detergency  test  is  based  upon  the  use  of  a 
high-speed  centrifuge  to  determine  the  weight  percentages  of 
insolubles  in  oxidized  oils  without  dilution.  In  order  to  test 
for  detergency,  a  reference  oxidized  oil  is  run  with  and  with¬ 
out  the  additive  under  test.  The  reduction,  if  any,  of  oil- 
insoluble  material  that  results  from  the  additive  is  taken  as 
a  measure  of  its  detergency 
value.  Since  different  oxi¬ 


centrifuged  for  45  minutes  in  a  de  Laval  100-ml.  precision  cen¬ 
trifuge  (10,000  X  gravity) .  This  time  is  satisfactory  for  almost  all 
oxidized  SAE  30  and  lighter-viscosity  oils;  longer  times  are  re¬ 
quired  for  the  more  viscous  oils  and  for  oils  that  do  not  settle 
readily.  The  centrifuged  oil  is  poured  out  of  the  tube  in  such  a 
manner  as  to  disturb  the  precipitate  as  little  as  possible.  The 
tube  is  clamped  in  an  inverted  position  and  heated  gently  with  a 
Bunsen  burner,  and  as  much  oil  as  possible  is  drained  from  the 
tube.  After  cooling  to  room  temperature,  50  ml.  of  isopentane 
are  added  and  the  precipitate  is  broken  up  with  a  rod  or  wire  and 
thoroughly  dispersed  in  the  wash  liquid.  The  tube  is  centri¬ 
fuged  for  15  minutes  to  repack  the  precipitate.  All  but  about 
0.5  ml.  of  the  isopentane  is  removed  with  a  pipet  and  the  washing 
procedure  is  repeated  with  a  second  50-ml.  portion  of  isopentane. 
The  washed  precipitate  is  allowed  to  stand  at  room  temperature 
until  all  visible  isopentane  has  evaporated.  The  precipitate  is 
then  dried  at  100°  C.  for  1  hour,  brought  to  room  temperature, 
and  weighed  in  the  centrifuge  tube  to  0.1  mg.  The  results  are 
reported  as  percentage  of  oil-insolubles  on  the  basis  of  the  oil 
charged  into  the  centrifuge  tube. 

The  results  of  heating  an  oxidized  oil  to  different  tempera¬ 
tures  before  centrifuging  for  oil-insolubles  are  given  in 
Table  I. 

Mild  heating  to  110°  or  150°  C.  increases  the  degree  of  dis¬ 
persion  of  oil-insolubles;  but  higher  temperatures,  in  the  range 
of  250°  C.,  apparently  accelerate  coagulation,  and  the  quan¬ 
tity  of  centrifugally  separable  oil-insolubles  is  increased. 
Stirring  or  storage  for  1  hour  at  room  temperature  does  not 
alter  the  increased  dispersion  brought  about  by  mild  heating. 

Table  II  shows  the  effect  of  diluting  an  oxidized  oil  with  vari¬ 
ous  fresh  oils  on  the  dispersion  of  oil-insolubles.  Dilution  of 
the  oxidized  Western  oil  with  an  equal  quantity  of  fresh  oil  of 
the  same  kind  does  not  alter  the  degree  of  dispersion  of  the 
oil-insoluble  material  at  any  temperature.  In  other  words, 
fresh  and  oxidized  Western  oils  are  compatible  as  regards  the 
precipitation  of  oil-insoluble  materials.  In  contrast,  when 
fresh  Mid-Continent  and  Pennsylvania  oils  are  added  to  the 
oxidized  Western  oil,  the  dispersion  of  the  oxidation  products 
is  decreased  and  precipitation  of  these  materials  could  occur. 
However,  this  ill  effect  is  reduced  when  the  diluted  oils  are 
heated  to  100°  C.  or  above.  A  similar  effect  is  indicated  for 
the  more  viscous  Mid-Continent  oil,  but  the  reproducibility 
of  the  test  is  poor  and  the  result  is  somewhat  uncertain. 

As  shown  in  Table  III,  detergent  additives  increase  the  dis¬ 
persion  of  oil-insolubles.  Except  in  the  case  of  the  low-tem- 


dized  oils  are  used  from  time 
to  time,  the  results  have 
relative  significance  only. 
The  merit  of  this  method  of 
testing  for  detergency  is  that 
it  measures  one  specific  as¬ 
pect  only,  the  ability  of  the 
additive  to  increase  the  de¬ 
gree  of  dispersion  of  the  oil- 
insoluble  material  beyond  an 
arbitrary  but  presumably  re¬ 
producible  limit.  Only  in¬ 
directly  does  it  measure  the 
ability  of  an  additive  to  dis¬ 
place  oil-insolubles  on  a  hot 
metal  surface  or  to  clean  them 
off  after  they  have  been  de¬ 
posited. 

Oil-insolubles  are  deter¬ 
mined  without  dilution  as 
follows: 

The  oil  sample  is  thoroughly 
shaken,  and  20  to  25  grams  are 
weighed  into  a  clean,  dry  centri¬ 
fuge  tube  to  0.01  gram  and 


Table  II.  Effect  of  Dilution  with  Fresh  Oil  on  Solubility 

(Centrifugal  detergency  test) 

- - — —  Oil  Insolubles  b - 

Reference  Oxidized  Oil  Diluted  with  Equal  Volume  of 


Reference 

Fresh  c 

Treatment  before  Centrifuging 

oxidized 

Mid-Con- 

Mid-Con- 

Procedure  Mixing 

Storage® 

oil& 

Western  30 

tinent  30  Penn  30 

tinent  60 

Hours  °  C. 

Hour  0  C. 

A  2  30 

0.81,0.82,0.83 

0.86,0.91 

0.94,1.01  1.01,1.02 

C  1  110 

i  iio 

0.65, 0.66 

0.74,0.78 

0.90,0.93  0.63,0.89,0.92 

0.77, 0.89 

E  1  150 

1  150 

0.58, 0.62 

0.62, 0.63 

0.80  0.76,0.74 

0.82 

“  In  centrifuge  tube  just  prior  to  centrifuging,  no  strirring. 
b  All  oil-insolubles  given  on  basis  of  undiluted  oxidized  oil. 

c  SAE  Western  oil,  oxidized  in  Indiana  oxidation  apparatus  and  composited  for  these  experiments. 


Table  III.  Effect  of  Additives  on  Oil  Solubility 

(Centrifugal  detergency  test) 

. - Oil-Insolubles  for  Reference  Oxidized  Oil!1  Containing - 

1%  1% 
low  1%  high 

Treatment  before  Centrifuging  temperature  reference  temperature  1% 

Procedure  Mixing  Storage®  Nothing  detergent  detergent  detergent®  benzene 

Hours  0  C.  Hour  °  C.  - - — - Per  cent  by  weight - j — • 


A 

2 

30 

0.81,  0.82,  0.83 

0.70 

0.84, 0.85 

0.86 

C 

1 

110 

1 

110 

0.65,0.66 

0.48 

0.50,0.52 

0.56 

0.66 

E 

1 

150 

1 

150 

0.58, 0.62 

0.46,0.46 

0.45,0.47 

0.49 

0.64 

F 

1 

250 

1 

250 

0.86,  0.82 

1.14,  1.03 

0.44,0.35 

0.49 

G 

20  min. 

300 

1.16 

0.58 

0.47 

®  In  centrifuge  tube  just  prior  to  centrifuging,  no  stirring. 

b  SAE  30  Western  oil,  oxidized  in  Indiana  oxidation  apparatus  and  composited  for  these  experiments. 
e  Added  in  benzene  solution. 
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perature  detergent,  mild  heating  is  required  to  achieve  the 
best  results.  Some  detergents  have  a  distinct  temperature 
limitation  and  their  use  may  actually  increase  the  quantity  of 
oil-insolubles  that  separate  if  they  are  heated  to  too  high  a 
temperature.  Both  the  reference  detergent,  which  has  been 
found  satisfactory  for  commercial  use,  and  the  high-tempera¬ 
ture  detergent  show  a  useful  effect  even  when  heated  to  300 0  C. 
for  a  short  time.  The  effect  of  benzene  is  included  in  the 
table  because  some  additives  are  blended  into  lubricating  oil  in 
the  laboratory  in  this  solvent.  As  can  be  seen,  its  effect  is 
negligible. 

The  three  detergent  additives  have  been  tested  in  several 
Diesel  engines  and  an  effectiveness  corresponding  to  the  indi¬ 
cations  of  the  solubility  data  in  the  table  has  been  noted  at 
high  engine  temperatures.  For  example,  the  ring  sticking 
time  in  the  Fairbanks-Morse  Diesel  engine  operated  under 
severe  conditions  was  increased  two  times  with  the  reference 
detergent  and  ten  times  with  the  high-temperature  detergent 
as  compared  with  the  base  oil;  the  low-temperature  detergent 
was  not  tried  in  this  engine. 


Table  IV.  Infrared  Detergency  Test 


Fresh  Oxidized  Oil 

Oil  A  B  C 

Oil-insolubles,  %  by  weight,  centrifuge 

Plain  ...  .  0.41  0.79 

With  1%  high-temperature  detergent  ...  .  0.19  0.60 

Infrared  transmission,  %  9700  A.° 

Plain  100  9.4, 7.8  14.5  5.0 


With  1%  high-temperature  detergent  97  31.0,41.0  29.7  5.6 

°  Not  centrifuged. 


Infrared  Detergency  Test 

Since  the  degree  of  dispersion  of  a  solid  suspended  in  a 
liquid  is  associated  with  the  ability  to  transmit  light,  the  light- 
absorption  curves  of  a  few  fresh  and  oxidized  oils  were  ex¬ 
amined  in  a  Coleman  electric  photometer.  They  all  showed  a 
pronounced  transmission  band  at  9700  A.  and  this  wave  length 
was  arbitrarily  selected  for  examining  the  effect  of  additives 
on  the  dispersion  of  oil-insolubles. 

In  Table  IV  are  given  results  obtained  with  one  additive  on 
three  laboratory  oxidized  oils,  chosen  at  random,  and  the  origi¬ 
nal  fresh  oil.  In  all  cases,  the  infrared  light  transmission  of 
the  oxidized  oil  was  increased  by  simply  adding  a  detergent  to 
the  oil  sample  after  oxidation,  whereas  the  transmission  of  the 
fresh  oil  was  slightly  reduced.  The  effect  of  this  same  additive 
in  the  centrifugal  detergency  test  on  two  of  these  oils  is  in¬ 
cluded  for  comparison.  It  is  concluded  that  transmission  at 
this  wave  length  is  associated  with  an  increased  degree  of  dis¬ 
persion  of  the  insolubles  involved  and  it  would  appear  that  the 
ultimate  particle  size  achieved  by  the  dispersive  action  of  the 
detergent  is  very  small.  This  follows  from  the  fact  that  trans¬ 
mission  of  light  is  a  function  of  scattering  as  well  as  true  ab¬ 
sorption.  Assuming  that  absorption  is  negligible  because  of 
the  selection  of  the  wave  length  and  that  the  scattering  of 
light  depends  on  particle  size  only,  it  follows  that  the  particle 
size  must  have  been  reduced  to  a  value  commensurate  with 
the  wave  length  of  light  used  in  this  test.  A  few  other  addi¬ 
tives  were  examined  by  the  infrared  detergency  test  and  all 
showed  similar  increases  in  light  transmission  when  added  to 
oxidized  oil. 

While  the  infrared  detergency  test  has  some  interesting 
possibilities  and  should  prove  useful  for  securing  information 
that  cannot  be  obtained  in  other  ways,  it  was  abandoned  in 
favor  of  the  centrifugal  detergency  test  because  the  results  of 
the  latter  could  be  interpreted  with  less  uncertainty.  Both 
tests  presumably  measure  similar  actions  of  detergents. 


Wood  River  Detergency  Test 

A  detergency  test  was  investigated  and  devel  oped  by  F.  L. 
Johnston,  J.  B.  Harkness,  and  G.  A.  Siegelman  of  the  Wood 
River  Research  Laboratories  of  the  Shell  Oil  Company,  In¬ 
corporated.  In  it,  the  percentage  of  added  asphaltenes  that  a 
given  oil  (and  additive)  will  carry  through  an  asbestos  filter 
is  taken  as  a  measure  of  the  detergency  of  the  oil. 

Experimental  Procedure.  To  a  20-gram  sample  of  the  oil  in 
a  test  tube  (15  X  150  mm.)  are  added  2  ml.  of  benzene  solution 
containing  20  mg.  of  asphaltenes.  The  sample  is  shaken  vigor¬ 
ously,  placed  in  an  oil  bath,  and  aged  at  150°  C.  for  16  hours. 
The  sample  is  removed,  shaken  again,  allowed  to  cool  to  room 
temperature,  and  filtered  through  a  dried  and  tared  Gooch  cruci¬ 
ble  with  an  asbestos  pad.  The  precipitate  is  then  washed  ex¬ 
haustively  with  60-80  naphtha  to  remove  the  oil,  and  the  cruci¬ 
ble  is  dried  for  1  hour  at  110°  C.  (230°  F.) ,  allowed  to  come  to  room 
temperature,  and  again  weighed.  The  percentage  peptization 
is  computed  from  the  difference  between  the  observed  gain  in 
weight  and  that  which  would  occur  if  there  were  no  peptization, 
using  the  following  equation: 

„  ,  „  /weight  of  asphaltenes  in  crucible  \ 

%  detergency  =  100  1  -  ^  weight  of  asphaltenes  added  ) 

The  asphaltenes  are  prepared  by  diluting  an  oxidized  oil  with 
naphtha,  filtering  and  washing  the  precipitate,  and  removing  the 
asphaltene  fraction  by  benzene  extraction.  For  special  investi¬ 
gations  it  may  be  desirable  to  vary  the  procedure  and  add  solid 
asphaltenes  free  of  a  solvent.  Great  care  must  be  taken  in  re¬ 
moving  the  benzene  because  large  variations  in  asphaltene 
solubility  can  result  from  even  mild  overheating.  A  practical 
procedure  is  to  weigh  out  about  20  mg.  of  dry  asphaltenes  to 
0.1  mg.  and  add  1000  times  this  weight  of  the  fresh  oil  to  be 
tested. 

Since  the  quality  of  asphaltenes  will  vary  greatly  from  one 
preparation  to  another,  the  results  can  have  relative  signifi¬ 
cance  only.  If  metal  salts  are  present  in  the  asphaltene 
preparation,  certain  anomalies  may  be  encountered  in  testing 
some  additives  and,  for  that  reason,  oil  samples  oxidized  in 
the  laboratory  in  the  absence  of  metals  are  recommended  as 
a  source  of  asphaltenes  for  this  work. 


Table  V.  Effect  of  Naphthenate  Additions 
(Wood  river  detergency  test) 

Oil  Detergency  Rating,  % 

Plain  mineral  oil,  Mid-Continent  SAE  10  22 

Oil  +  0.5%  by  weight  sodium  naphthenate  49 

Oil  -j-  0.5%  by  weight  barium  naphthenate  78 


Table  VI.  Comparison  of  Laboratory  Rating  and  Engine 
Lacquer  Rating 


Detergent 


A 

B 

C 

D 


(Wood  River  detergency  test) 


Concentration 

Detergency 

Lacquer  Reduction 
in  Lauson  Engine 

%  by  weight 

% 

% 

1.0 

64 

89 

2.0 

58 

50 

2.0 

40 

38 

1.4 

14 

13 

Additional  agitation  during  the  aging  period  has  been 
found  to  produce  no  significant  effect.  The  substitution  of  a 
nitrogen  atmosphere  over  the  sample  during  the  aging  like¬ 
wise  has  no  effect,  although  a  loss  of  detergency,  probably 
through  the  destruction  of  the  additive  as  well  as  an  increase 
in  asphaltenes,  may  result  if  oxygen  is  bubbled  through 
the  sample  during  the  16-hour  aging  period.  In  general, 
the  effectiveness  of  a  detergent  increases  up  to  0.5  or  1  per 
cent  concentration,  after  which  the  detergent  action  is  con¬ 
stant  for  a  given  additive  and  is  then  mainly  dependent  upon 
the  solubility  distribution  of  the  asphaltenes  used. 
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In  Table  Y  is  shown  the  increase  in  detergency  secured  by 
the  addition  of  a  sodium  naphthenate  and  a  barium  naphthe- 
nate  to  a  SAE  10  oil.  Table  YT  shows  the  improvement  ob¬ 
tained  in  the  detergency  rating  in  this  test  by  the  addition  of 
several  detergents  to  one  base  oil  and  the  corresponding  im¬ 
provement  in  the  Lauson  engine  lacquer  rating. 

Chromatographic  Detergency  Test 

The  chromatographic  detergency  test  was  developed  here 
following  a  verbal  report  that  General  Motors  wTere  using  a 
filtration  test  to  measure  the  ability  of  an  oil  to  hold  soot  and 
other  engine  deposits  in  suspension.  In  their  test,  a  dirty  used 
oil  that  remained  dirty  after  filtering  through  a  Gooch  cru¬ 
cible  filled  with  asbestos  was  given  a  “one  star”  rating.  In 
the  same  way  by  passing  the  dirty  filtrates  through  additional 
clean  crucibles,  the  oil  was  given  up  to  a  maximum  of  a  “three 
star”  rating. 

In  order  to  provide  a  more  discriminating  test  for  development 
research  and  to  reduce  the  maximum  of  three  filtrations  to  one,  a 
glass  tube  was  substituted  for  the  Gooch  crucible  in  the  General 
Motors  test.  A  number  of  filtering  media  were  studied,  using 
lampblack  suspensions  in  oils  known  to  have  widely  different 
detergent  activities.  Lampblack  was  chosen  for  the  early  ex¬ 
periments  because  of  its  similarity  to  the  soot  of  Diesel  engines 
and  was  retained  because  it  gave  useful  correlations. 

The  experiments  showed  that  the  depth  of  penetration  of 
the  lampblack  could  be  readily  observed  and  that  the  pene¬ 
tration  was  greatest  for  those  oils  rated  most  detergent  by 
general  Diesel  engine  experience.  For  a  given  oil,  the  depth  of 
penetration  varied  greatly  from  one  filtering  medium  to  an¬ 
other  but  appeared  to  be  largely  dependent  upon  the  coarse¬ 
ness  of  the  packing.  The  relative  ratings  of  the  representative 
oils  tested  were  roughly  the  same  in  different  filtering  media. 

The  actual  limit  of  lampblack  penetration  in  a  homogeneous 
filter  bed  is  not  always  clear,  especially  in  the  longer  penetra¬ 
tions.  It  does  not  terminate  abruptly,  but  tapers  off  in  a 
poorly  defined  zone  of  diminishing  intensity. 


Table  VII.  Relative  Rating  of  Mineral  Oils 

(Chromatographic  detergency  test) 

Number  of  Darkened  Rings 

Oil  SAE  10  SAE  30  SAE  70 

Mid-Continent  1  3,4  6, 6 

Western  2  3, 2, 3  2,3 


In  order  to  give  a  clear  index  of  penetration,  disks  of  filter 
paper  are  placed  in  the  filtering  tube  at  regular  intervals.  The 
edges  of  these  papers  are  usually  either  distinctly  blackened  or 
not  visibly  altered  by  the  lampblack,  and  the  number  of  filter 
paper  disks  that  have  been  darkened  at  the  end  of  a  test  is  taken 
as  a  measure  of  detergency.  When  tests  are  to  be  run  at  150°  C. 
or  higher,  layers  of  calcium  carbonate  powder  are  substituted  for 
the  paper,  since  paper  chars  when  heated.  The  calcium  car¬ 
bonate-layered  tubes  are  more  difficult  to  prepare  and  unless  the 
calcium  carbonate  is  very  carefully  washed  free  of  fines,  un¬ 
diluted  oils  cannot  be  filtered  at  room  temperature. 

The  chromatographic  test  for  detergency  is  carried  out  in 
Pyrex  tubes,  38  cm.  long  by  7  to  8  mm.  in  inside  diameter  and 
constricted  slightly  at  the  bottom  end.  These  are  fitted  with  a 
cotton  plug,  on  which  are  packed  10  or  12  alternate  layers  of 
sand  and  filter  paper  disks.  Common  sea  sand  is  washed,  ground, 
and  separated  to  a  particle  size  range  of  15  to  150-micron  aver¬ 
age  diameter;  0.4  ml.  is  used  in  each  layer.  Whatman’s  No.  4 
filter  paper  is  cut  with  a  cork  borer  into  disks  approximately  8.4 
mm.  in  diameter.  The  packed  tubes  are  adjusted  for  moisture 
content  for  2  hours  just  prior  to  making  a  test,  by  drawing 
through  them  air  that  has  first  been  passed  through  22  per  cent 
potassium  hydroxide  solution  and  an  adequate  spray  trap.  To 
10  grams  of  oil  to  be  tested  are  added  20  mg.  of  Monsanto 
Germantown  Bear  Brand  lampblack.  The  mixture  is  stirred 
vigorously  for  5  minutes  at  room  temperature  and  1  ml.  is 
measured  and  transferred  into  the  filtering  tube  by  means  of  a 


Table  VIII. 

Relative  Rating  of 

Detergent  Additives 

(Chromatographic  detergency  test) 

Test  Rating, 

No.  of 

Caterpillar 

Additive 

Darkened  Rings 

Engine  Rating 

None 

2,3 

Poor 

I 

9,  11 

O.K. 

II 

9 

O.K. 

III 

7, '9 

O.  K. 

IV 

8,8,8 

O.K. 

V 

7 

O.  K. 

VI 

6,  6 

Insufficient  detergency 

VII 

5,  4,  6 

Insufficient  detergency 

VIII 

4,3 

Poor 

IX 

6 

Poor 

hypodermic  syringe.  The  connection  between  the  potassium 
hydroxide  wash  bottle  and  filtering  tube  is  broken  only  long 
enough  to  add  the  sample  to  the  latter.  A  vacuum  of  60  to  67.5 
cm.  (24  to  27  inches)  is  maintained  in  the  filtering  tube  for  the 
duration  of  the  test,  16  to  20  hours.  The  number  of  darkened 
filter  paper  edges  is  recorded  at  the  end  of  the  test. 

Naphtha  washing  after  oil  filtration  and  before  observing  lamp¬ 
black  penetration  is  optional,  but  results  between  washed  tubes 
cannot  be  compared  with  those  from  tubes  that  have  not  been 
washed  with  naphtha.  Naphtha  washing  is  usually  desirable 
for  the  more  viscous  oils,  SAE  40  and  higher. 

The  calcium  carbonate  powder  for  high-temperature  tests 
should  be  freed  of  fines  by  washing  with  naphtha  and  decanting 
repeatedly  until  all  material  that  does  not  settle  rapidly  has  been 
removed.  Layered  tubes  of  this  sort  are  most  readily  filled  by 
washing  the  solids  into  the  tube  in  naphtha  suspension  and 
settling  each  layer  with  suction  before  adding  the  next.  It  is 
preferable  to  maintain  a  layer  of  naphtha  above  the  packed 
solids  in  the  tube  until  the  packing  is  complete,  after  which  the 
tubes  are  sucked  dry  and  used  without  water  conditioning.  The 
tube  with  filter  paper  disks  is  packed  dry  with  thorough  tamping. 

Of  the  variables  that  influence  the  penetration  of  carbon 
black  in  the  filtering  tube,  water  content  has  been  found  to  be 
the  most  important  for  filtration  at  room  temperature.  While 
other  factors,  such  as  particle  size  of  the  filtering  medium, 
relative  quantities  of  materials  used,  degree  of  vacuum,  etc., 
regulate  the  extent  of  penetration,  the  relative  rating  of  a 
series  of  oils  and  additives  can  be  altered  by  varying  the  mois¬ 
ture  content  of  the  tube  packing.  Water  added  to  the  sus¬ 
pension  of  lampblack  in  the  oil  also  has  a  pronounced  and 
sometimes  erratic  effect.  Precautions  for  maintaining  the 
moisture  content  of  the  filtering  tubes  constant  are  included 
in  the  described  procedure  and  care  should  be  exercised  that 
water  is  not  mixed  in  the  oil.  The  observation  that  water  af¬ 
fects  the  results  of  this  test  is  important  ,  because  it  is  believed 
that  traces  of  water  have  a  similar  important  effect  on  lubri¬ 
cating  oil  detergency  in  engines. 

Violent  agitation,  such  as  is  produced  by  ultrasonic  vibra¬ 
tion  of  the  lampblack  suspension,  increased  the  penetration 
of  one  sample  from  7  to  1 1  rings.  The  maximum  effect  of  an 
additive  is  generally  reached  at  0.5  to  1.0  per  cent  by  weight 
concentration.  With  additive  concentration  at  usual  values, 
reduced  penetrations  may  occur  when  the  lampblack  concen¬ 
tration  is  raised  above  0.2  to  0.5  per  cent  by  weight,  although 
some  additives  can  tolerate  up  to  2.0  per  cent  by  weight 
lampblack  with  no  pronounced  reduction  of  effectiveness. 
Some  additives  begin  to  lose  their  effectiveness  at  170°  C. 
while  others  are  fully  effective,  as  measured  by  this  test,  up  to 
250°  C. 

Figure  1  illustrates  the  appearance  of  the  filtration  tubes  in 
the  chromatographic  detergency  test.  This  series  of  tubes 
was  used  to  examine  different  batches  of  a  particular  additive. 
Batch  3  showed  a  definite  superiority  over  the  first  two. 

In  Table  VII  are  given  the  relative  ratings  of  different  grades 
of  Western  and  Mid-Continent  oils  in  this  test.  The  higher 
rating  given  the  more  viscous  Mid-Continent  oils  is  not  re¬ 
flected  in  Diesel  engine  performance  of  these  oils.  The  low 
rating  given  all  three  Western  oils  indicates  that  the  relative 
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Base  Oil  Experimental  Batches  of  a  Detergent 

Western  30  1  2  3 


33  77  77  99 

Detergency  Rating 


Figure  1.  Appearance  of  Chromatographic  Detergency 

Test 

Unequal  height  of  sand  layers  in  different  tubes  is  caused  by  variations 
in  tube  diameters. 

rating  is  not  dependent  upon  viscosity  differences  as  such. 
While  the  results  of  the  chromatographic  detergency  test  may 
be  accepted  as  revealing  a  real  difference  in  detergent  proper¬ 
ties  of  the  oils  examined,  the  results  indicate  that  a  high  rating 
does  not  necessarily  guarantee  satisfactory  Diesel  engine  per¬ 
formance.  However,  when  a  high  rating  is  secured  by  an  ad¬ 
ditive  in  a  base  oil  of  low  rating,  considerable  reliance  can  be 
placed  on  improved  engine  performance  as  regards  detergency, 
and  the  test  is  proposed  only  for  this  purpose.  The  data  in 
Table  VIII  illustrate  this  use  of  the  test  and  give  an  indication 
of  the  engine  rating  of  the  oils  tested. 


Table  IX.  Comparison  of  Chromatographic  and  Wood 
River  Detergency  Tests 

Chromatographic  Rating,  Wood  River 

Darkened  Rings  Rating 

Eastern  oil  Western  oil  Eastern  oil  Western  oil 


Additive 

SAE  10 

SAE  30 

SAE  10 

% 

SAE  30 
% 

None 

1 

1 

51,47 

79,83 

1.4%  detergent  A 
1.0%  low-tempera- 

4,2 

6,  6,  5 

-277 

-100 

ture  detergent 

7,6 

-'u 

—260,  —290 

2%  detergent  B 

5,6 

7,7 

2 

1%  detergent  C 

8,7 

7,6,8 

81 

75 

10%  voltol  oil 

2.5%  reference  de- 

6,9 

84 

tergent 

.  .  . 

8,8 

76 

Comparison  of  Wood  River  and  Chromatographic 
Detergency  Tests 

The  relative  ratings  of  oils  and  additives  are  not  the  same  in 
the  chromatographic  and  Wood  River  detergency  tests. 
Table  IX  gives  a  comparison  of  these  two  tests  for  several  ad¬ 
ditives  in  two  base  oils.  Only  the  last  three  additives  are 
rated  good  in  both  tests,  while  the  other  three  are  rated  fair  to 
good  in  the  chromatographic  test  and  are  given  negative  rat¬ 
ings  in  the  Wrood  River  test.  The  negative  rating  is  taken  to 
mean  that  additives  as  well  as  asphaltenes  were  removed  on 
the  asbestos  filter  in  the  latter  test.  Incidentally,  additives 
that  are  effective  as  detergents  in  critical  parts  of  an  engine 


and  yet  aid  in  accumulating  insolubles  on  a  filter  would  be  ad¬ 
vantageous  in  engines,  provided  that  the  additive  is  not  too 
quickly  removed  from  the  oil  by  the  latter  activity. 

The  lack  of  agreement  in  the  ratings  given  by  the  two  tests 
focuses  attention  on  the  necessity  of  considering  two  distinct 
types  of  detergency  requirements.  Indications  are  that  the 
chromatographic  detergency  test  correlates  more  nearly  with 
the  detergency  requirements  of  the  Caterpillar  Diesel,  while 
the  Wood  River  test  is  more  closely  related  to  the  lacquer  rat¬ 
ing  of  the  Lauson  engine.  This  difference  appears  more  un¬ 
derstandable  when  the  predominant,  types  of  insolubles  pro¬ 
duced  in  the  two  engines  are  compared  with  the  dispersed  ma¬ 
terials  in  the  two  tests. 

Interchange  of  dispersed  materials  in  the  two  tests  provided 
no  useful  results.  When  lampblack  is  substituted  for  asphal¬ 
tenes  in  the  WTood  River  test,  all  detergency  ratings  are  zero 
or  negative.  When  asphaltenes  are  substituted  for  lampblack 
in  the  chromatographic  test,  the  depth  of  penetration  is  poorly 
defined  because  the  asphaltenes  develop  only  mildly  discolored 
rings  at  best.  The  complex  character  of  the  asphaltenes  prob¬ 
ably  also  contributes  to  the  indifferent  penetrations  because 
of  the  range  of  specific  penetrations  involved. 

While  the  laboratory  detergency  tests  indicate  a  difference 
of  detergent  requirements  for  different  classes  of  engine  de¬ 
posits,  further  studies  must  be  made  under  conditions  corre¬ 
sponding  more  closely  to  those  parts  of  an  engine  that  suffer 
most  from  a  lack  of  detergency,  in  order  that  the  questions 
raised  may  be  answered  more  directly  and  reliably. 

Conclusion 

Four  methods  of  evaluating  the  detergency  of  lubricating 
oils  measure  the  ability  of  a  lubricant  to  disperse  or  peptize 
oil-insoluble  materials  such  as  oxidized  lubricants  or  soot.  It 
is  possible  to  use  these  tests  profitably  to  predict  the  cleanli¬ 
ness-maintaining  action  of  an  oil  in  engines,  providing  con¬ 
sideration  is  made  of  the  type  of  material  most  likely  to  be  de¬ 
posited  as  well  as  the  temperature  conditions  under  which  the 
engine  operates.  In  addition  to  their  direct  application  to 
engines,  which  requires  further  correlation,  they  are  useful 
tools  in  oil  research  and  give  quantitative  data  on  many  specu¬ 
lations  made  in  the  past  on  the  detergent  aspects  of  lubricat¬ 
ing  oils. 
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Table  I. 

Freezing  Points  of 

Aqueous  Ethylene 

Glycol 

Solutions  (°  C.) 

%  by 

Weight  of 

Cur  me 

Bureau  of 

Olsen, 

Conrad, 

Ethylene 

and 

Standards 

Brunjes,  and 

Hill,  and 

Present 

Glycol 

Young  (3) 

(5) 

Olsen  ( 10 ) 

Ballman  (2) 

Work 

10 

-2.5 

-2.9 

-3.3 

-3.6 

-3.71 

20 

-7.7 

-9.7 

-7.8 

-8.3 

-8.45 

30 

-13.9 

-17.6 

-13.5 

-14.4 

-14.91 

40 

-23.3 

-26.0 

-22.1 

-22.6 

-24.05 

50 

-33.9 

-37.0 

-35.4 

-34.6 

-36.11 

Figure  1.  Freezing  Temperatures  for  Blends  of  Glyc¬ 
erol-Ethylene  Glycol  in  Water 

SINCE  glycerol  and  ethylene  glycol  are  both  used  ex¬ 
tensively  in  the  automobile  antifreeze  industry,  the 
freezing  points  of  aqueous  mixtures  of  these  compounds  should 
be  of  interest.  The  following  material  gives  the  freezing 
points  of  mixtures  of  these 
three  compounds,  and  an  easy 
and  exact  method  of  analysis 
of  any  mixture  of  them. 


Preparation  of  Solutions 

The  ethylene  glycol  was  fur¬ 
nished  by  the  Carbide  and  Car¬ 
bon  Chemicals  Corporation  and 
was  purified  by  distillation  at  a 


reduced  pressure  of  40  mm.  A  fractionating  column  45  cm.  (18 
inches)  in  length,  packed  with  7.5-cm.  (3-inch)  lengths  of  glass 
tubing,  was  used;  and  all  connections  were  made  with  ground- 
glass  joints.  Only  the  constant-boiling  middle  portion  of  the 
distillate  was  retained,  and  the  purified  product  showed  at 
25°  C.  an  absolute  density  of  1.1101  and  a  refractive  index  of 
1.4300. 

The  glycerol  used  was  Baker’s  analyzed,  c.  p.  material.  It 
was  purified  (from  water)  by  double  distillation  at  a  reduced 
pressure  of  3  mm.  Only  20-cm.  (8-inch)  fractionating  column 
was  used  in  order  to  prevent  decomposition  by  superheating. 
Bumping  was  effectively  eliminated  in  both  these  distillations 
by  filling  the  distilling  flask  to  the  level  of  the  liquid  with  coarse- 
fiber  Pyrex  brand  glass  wool,  and  using  a  large  distilling  flask 
(3  liters)  heated  uniformly  by  an  oil  bath.  The  purified  glycerol 
showed  at  25°  C.  an  absolute  density  of  1.2580  and  a  refractive 
index  of  1.4720.  Comparison  with  the  density  tables  given  in 
the  International  Critical  Tables  ( 6 )  and  the  Bosart  and  Snoddy 
tables  ( 1 )  showed  this  glycerol  to  be  100  per  cent  pure.  The 

glycerol  and  ethylene  glycol  were 
kept  in  2-liter  Erlenmeyer  flasks, 
equipped  with  soda-lime  tubes  and 
WAT  E  R  siphon  tubes .  The  li  quid  was  f or ced 

out  through  the  siphon  tube  by 
means  of  dried  air  and  was  thus 
exposed  to  undried  air  for  only  a 
very  short  time. 

Ethylene  glycol-glycerol  mixtures 
were  prepared  by  weighing  to  the 
closest  milligram  varying  amounts 
of  glycerol  (10  to  125  grams)  from 
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Figure  2.  Freezing  Point  Isotherms 
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Figure  3.  Refractive  Indexes  at  25°  C.  for  Blends  of  Glycerol- 
Ethylene  Glycol  in  Water 


Table  II.  Freezing  Points  of  Aqueous  Glycerol 
Solutions  (°  C.) 


%  by 
Weight  of 

Lane 

Bureau  of 
Standards 

Olsen, 

Brunjes, 

and 

Feldman 

and 

Present 

Glycerol 

(S) 

(5) 

Olsen  (10) 

Dahlstrom  (4) 

W  ork 

10 

-1.6 

-1.7 

-2.3 

-1.9 

-1.99 

20 

-4.8 

-4.8 

—  0.0 

-5.4 

-5.21 

30 

-9.5 

-9.4 

-9.8 

-9.7 

-9.92 

35 

-12.2 

-12.3 

-12.4 

-12.65 

40 

-15.4 

-15.6 

-15.7 

—  15.6 

-15.93 

45 

-18.8 

-19.4 

-18.6 

-19.90 

50 

-23.0 

-25.8 

-23.8 

-23.6 

-24.55 

55 

-28.2 

-30.40 

60 

-34.7 

-37.2 

—  35.5 

-37.90 

of  solid  carbon  dioxide  and  ethyl  alcohol,  sepa¬ 
rated  from  the  freezing  point  tube  containing  the 
liquid  by  means  of  a  Dewar  flask.  For  the  lower 
freezing  points  this  Dewar  flask  was  replaced  by  an 
ordinary  freezing  point  tube,  thus  furnishing  an  air 
jacket. 

Both  cooling  and  heating  curves  were  run,  and 
three  check  determinations  were  made  on  both 
the  freezing  point  and  the  melting  point.  The 
exact  freezing  points  and  melting  points  were  ob¬ 
tained  by  extrapolation  in  the  manner  explained 
by  Mair,  Glasgow,  and  Rossini  (9).  The  freezing 
point  values  differed  from  the  melting  point  values 
by  0.02  °  to  0.05  °,  the  latter  figure  applying  to  the 
lower  freezing  points. 

Freezing  Point  Data 

Tables  I  and  II  compare  the  values  obtained 
in  the  present  work  with  the  freezing  points  ob¬ 
tained  by  other  investigators  for  aqueous  solu¬ 
tions  of  ethylene  glycol  and  aqueous  solutions  of 
glycerol. 

The  values  obtained  in  the  present  work  are  in 
good  agreement  with  the  average  of  the  values 
obtained  by  the  other  investigators.  The  values 
for  the  lower  temperatures  should  be  much  more 
accurate  than  the  values  obtained  by  the 
other  investigators,  because  visual  observation 
does  not  enter  into  the  determination  of  the  freezing  point 
with  the  apparatus  used  in  the  present  work.  The  in¬ 
creased  accuracy  due  to  this  independence  from  visual  ob¬ 
servation  is  due  to  the  fact  that  mixtures  of  ethylene  glycol 
and  glycerol  with  water  get  extremely  viscous  at  low  tem- 


Table  III.  Freezing  Points  of  Ethylene  Glycol-Glycerol 
Blends  in  Aqueous  Solutions 


a  weighing  buret.  Ethylene  glycol  was  then  added  in  a  similar 
manner  to  give  solutions  having  approximate  ratios  of  glycol 
to  glycerol  of  9  to  1,  7.5  to  2.5,  5  to  5,  2.5  to  7.5,  and  1  to 
9.  Quantities  of  these  blends  were  then  weighed  into  ground- 
glass  stoppered  Erlenmeyer  flasks  and  definite  weights  of  water 
added  from  a  standard,  calibrated  buret  to  make  solutions  con¬ 
taining  approximately  10,  30,  50,  70,  and  90  per  cent  of  each 
blend.  For  the  freezing  point  curves,  it  was 
necessary  to  weigh  out  two  more  samples  for  each 
blend  at  approximately  60  per  cent  blend  in  order 
to  establish  the  eutectic  point. 


Ethyl¬ 

ene 

Freezing  Points  for  the  Following  %  by  Weight  of  Total 
Blend  in  Aqueous  Solution 

glycol 

Glycerol 

10 

20 

30 

40 

50 

60 

%  by  weight 

0  C. 

0  C. 

0  C. 

0  C. 

0  C. 

°  C. 

100 . 00 

0.00 

-3.71 

-8.45 

-14.91 

-24.05 

-36.11 

90.26 

9.74 

-3.54 

-8.26 

-14.57 

-23.46 

—  35.35 

71.40 

28.60 

-3.24 

-7.71 

-13.83 

-22.21 

-33.59 

-49.84 

48.87 

51.13 

-2.99 

-7.10 

-12.80 

-20.50 

-30.71 

-46.12 

25.03 

74.97 

-2.81 

-6.64 

-11.72 

-18.59 

-28.05 

-43.29 

11.28 

88.72 

-2.57 

-6.18 

-10.88 

-17.20 

-26.09 

-40.45 

0.00 

100.00 

-1.99 

-5.21 

-9.92 

-15.93 

—  24.55 

-37.90 

1.28- 


Freezing  Point  Determination 

The  freezing  point  apparatus  used  in  this  work 
consisted  essentially  of  a  200-j  unction,  copper- 
constantan  thermocouple  (one  hundred  junctions 
at  each  end),  one  end  immersed  in  an  ice  bath 
and  the  other  end  in  the  solution,  the  freezing 
point  of  which  was  being  determined.  Provision 
for  attaining  equilibrium  at  each  end  was  made 
by  appropriate  means  of  stirring,  and  the  voltage 
developed  was  measured  by  means  of  a  Leeds  & 
Northrup  Type  K  potentiometer  and  a  Leeds 
&  Northrup  Type  C  galvanometer.  The  use  of 
a  thermocouple  containing  this  number  of  junc¬ 
tions  permitted  an  accuracy  well  within  the 
limits  of  errors  of  the  calibration  values,  using 
equipment  generally  available  in  most  chemical 
laboratories.  The  thermocouple  was  calibrated 
by  means  of  the  following  highly  purified  sub¬ 
stances:  water  (0°  C.),  aniline  (—5.98°  +  C.), 
carbon  tetrachloride  (—22.85°  C.),  chlorobenzene 
(—45.20°  C.),  and  chloroform  (  —  63.45°  C.). 
The  accuracy  of  these  values  vary  from  ±0.04° 
at  0°  to  ±0.06°  at  —65.0°  C.  The  liquids 
being  studied  were  cooled  by  the  use  of  a  bath 


80  70  60  50  40  30 

PER  CENT  WATER  (BY  WEIGHT) 

Figure  4.  Densities  at  25°  C.  for  Blends  of  Glycerol-Ethylene 

Glycol  in  Water 
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peratures  and  tend  to  trap  air  bubbles  dying  stirring; 
this  causes  the  solution  to  take  on  a  milk/  appearance, 
making  it  very  difficult  to  determine  whether  any  crystals 
are  present  or  not. 

Figure  1  shows  the  curves  obtained  by  plotting  the  freezing 
point  against  the  per  cent  of  total  blend  in  aqueous  solution. 
From  these  curves,  values  were  taken  for  plotting  isothermal 
curves  on  a  triangular  coordi¬ 
nate  for  every  5°  as  shown  in 
Figure  2. 

Table  III  lists  the  freezing 
points  for  compositions  covering 
practically  the  whole  range  in¬ 
vestigated.  These  data  were 
obtained  from  the  freezing  point- 
composition  curves. 


Density  and  Refractive 
Index  Data 


WATER 


The  refractive  indexes  and 
absolute  densities  (all  weighings 
reduced  to  vacuum  and  water 
of  maximum  density  taken  as 
unity)  were  determined  at  25°  C. 
using  an  Abbe  refractometer  and 
Leach  pycnometers.  Figures  3 
and  4  show  the  curves  obtained 
by  plotting,  respectively,  the  re¬ 
fractive  index  and  density  against 
the  per  cent  of  total  blend  in 
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Figure  5.  Constant  Refractive  Index  Curves  at  25°  C. 


WATER 


GLYCEROL 


DENSITY 


Figure  6.  Constant  Density  Curves  at  25°  C. 


aqueous  solution.  From  these  curves,  values  were  taken  for 
plotting  the  constant  refractive  index  and  the  constant  density 
curves  on  the  triangular  coordinates  shown  in  Figures  5  and  6. 

Tables  IY  and  V  list  the  refractive  indexes  and  densities 
for  compositions  covering  the  whole  range  of  this  system. 
These  data  were  obtained  from  the  refractive  index-com¬ 
position  and  the  density-composition  curves. 

Figure  7  shows  both  the  con¬ 
stant  density  curves  and  the 
constant  refractive  index  curves. 
These  curves  intersect  each  other 
at  an  angle  of  approximately 
30°.  This  makes  it  possible  to 
determine  accurately  the  amount 
of  glycerol  and  ethylene  glycol 
in  an  aqueous  solution  by  merely 
obtaining  the  density  and  re¬ 
fractive  index  for  that  solution. 
The  point  of  intersection  of  the 
density  and  refractive  index 
curves  for  that  solution  gives 
the  composition  immediately. 
This  method  of  analysis  is 
more  convenient,  easy,  and 
exact  than  any  chemical  means 
hitherto  developed,  and  should 
be  of  great  value  in  de¬ 
termining  the  ethylene  glycol 
content  (as  an  impurity)  in 
glycerol,  for  the  hygroscopic 
nature  of  both  of  these  sub¬ 
stances  makes  it  a  ternary 
system. 
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Table  IV.  Refractive  Indexes  of  Ethylene  Glycol-Glycerc  l  Bli  nds  in  Aqueous  Solutions  at  25 

r 

°  c. 

Blend 

Ethylene 

—Refractive 

:  Indexes  for  the  Following  %  by  Weight  of  Total  Blend 

in  Aqueous  Solution — 

glycol  Glycerol 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

%  by  weight 

100  00  0.00 

1.3416 

1.3517 

1.3621 

1 . 3723 

1.3828 

1 . 31 '27 

1.4025 

1.4118 

1.4210 

1.4300 

90  26  9.74 

1.3420 

1 . 3522 

1.3628 

1.3736 

1 . 3843 

1.3946 

1.4045 

1.4148 

1.4245 

1.4343 

71  40  28.60 

1.3425 

1.3533 

1.3643 

1.3757 

1.3871 

1.3981 

1.4092 

1 . 4202 

1.4311 

1 .4420 

48.87  51.13 

1.3432 

1.3547 

1.3666 

1 . 3786 

1.3904 

1.4026 

1.4147 

1.4269 

1.4393 

1 .4516 

25.03  74.97 

1.3438 

1.3558 

1.3683 

1 . 3809 

1.3939 

1.4073 

1.4209 

1.4343 

1.4482 

1.4624 

11.28  88.72 

1.3442 

1.3563 

1 . 3693 

1.3826 

1.3960 

1.4100 

1.4243 

1 . 4388 

1.4529 

1.4670 

0.00  100.00° 

1.3447 

1.3569 

1.3701 

1.3838 

1.3977 

1.4123 

1.4273 

1.4427 

1.4568 

1 . 4722 

a  Refractive  indexes  for  glycerol  taken  from 

Iyer  and  Usher  (71. 

4 

Table  V. 

Densities  of  Ethylene  Glycol-Glycerol  Blends  in  Aqueous  Solutions  at  25  °  C. 

Blend 

Ethylene 

- Densities  for  the  Following  %  by  Weight  of  Total  Blend  in  Aqueous  Solution 

glycol  Glycerol 

10 

20 

30 

40 

50 

60 

70 

80 

yu 

100 

%  by  weight 

100  00  0.00 

1.0097 

1.0231 

1.0367 

1.0495 

1.0619 

1.0733 

1 . 0848 

1.0946 

1 . 1032 

1.1101 

90  26  9.74 

1.0111 

1 . 0259 

1.0405 

1.0544 

1 . 0682 

1.0813 

1.0937 

1.1051 

1.1157 

1 . 1250 

71.40  28.60 

1.0128 

1.0300 

1 . 0469 

1.0631 

1.0791 

1.0952 

1.1100 

1.1239 

1 . 1379 

1 . 1521 

48  87  51.13 

1.0150 

1.0349 

1.0541 

1.0738 

1.0929 

1.1110 

1.1289 

1.1478 

1.1670 

1.1832 

25  03  74.97 

1.0172 

1.0406 

1.0629 

1 . 0857 

1.1078 

1.1302 

1.1527 

1.1755 

1.1976 

1 . 2lh7 

11  28  88.72 

1.0193 

1.0438 

1.0674 

1.0921 

1.1165 

1.1411 

1.1666 

1.1918 

1.2161 

1.2399 

0.00  100.00° 

1.0207 

1.0453 

1.0707 

1.0971 

1.1238 

1.1511 

1.1784 

1.2055 

1.2320 

1 .2580 

a  Densities  for  glycerol  taken  from  Bosart  and  Snoddy  tables  (1). 
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Figure  7.  Constant  Density  and  Refractive  Index  Curves  at  2o  C. 
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Determination  of  Thiamine  in  Bread  by 
the  Thiochrome  Method 

A  Comparison  of  Phosphatase-Containing  Enzyme  Preparations 

D.  F.  CLAUSEN  AND  R.  E.  BROWN,  International  Milling  Company,  Minneapolis,  Minn. 


4  NDREWS  and  Nordgren  ( 1 )  have  suggested  that  a  great 
deal  of  the  difficulty  experienced  in  assaying  bread  for 
thiamine  by  the  thiochrome  method  may  be  due  to  the  pres¬ 
ence  of  cocarboxylase  formed  from  the  free  thiamine  by  the 
action  of  yeast. 

These  authors  raised  the  incubation  temperature  and  length¬ 
ened  the  incubation  time  in  order  to  accomplish  complete  hy¬ 
drolysis  of  cocarboxylase.  Lipton  and  Elvehjem  (8)  have 
shown  that  thiamine  can  be  coupled  with  phosphate  by  yeast 
to  give  cocarboxylase,  and  Livshits  ( 9 )  found  that  yeast  may  be 
capable  of  synthesizing  thiamine. 

Conner  and  Straub  (3)  and  Hennessy,  Tarshis,  and  Perlman 
(5)  have  shown  that  several  commercial  enzyme  preparations 
will  quantitatively  hydrolyze  aqueous  solutions  of  synthetic 
cocarboxylase.  The  latter  authors  also  found  aluminum, 
mercuric,  and  ferric  ions  inhibiting,  ferrous  accelerating,  and 
considerable  variation  in  the  enzymes.  It  is  well  known  that 
optimum  concentrations  of  accelerators  are  necessary  for  many 
phosphatases  if  they  are  to  operate  at  maximum  velocity. 

Besides  commercial  enzyme  preparations,  which  are  usually 
made  from  mold  growths,  other  phosphatase  preparations  have 
been  used  to  hydrolyze  cocarboxylase:  Hennessy  and  Cerecedo 
(4.)  used  a  beef  kidney  extract,  Kirch  and  Bergeim  (7)  used  a 
yeast-glycerol  extract,  and  Melnick  and  Field  (10)  used  a  yeast 
powder. 

In  view  of  these  investigations  it  appeared  possible  that  so¬ 
lutions  of  pure  cocarboxylase  might  not  give  the  same  results 
with  phosphatase  preparations  as  would  cocarboxylase  in  natu¬ 
ral  products  with  phosphatase  preparations,  because  the 
work  done  with  pure  cocarboxylase  does  not  take  into  account 
the  effect  of  numerous  activators  and  inhibitors  that  might  be¬ 
come  active  when  the  cocarboxylase  in  natural  products  is  to 
be  hydrolyzed. 

The  authors  were  interested  in  finding  an  enzyme  prepara¬ 
tion  that  would  efficiently  hydrolyze  the  cocarboxylase 
in  bread  in  a  short  time  and  under  the  conditions  of  pH 
and  temperature  of  digestion  of  the  thiochrome  method  as  it  is 
generally  prescribed.  This  enzyme  was  preferably  to  be 
either  a  readily  available  commercial  preparation  or  one  that 
is  easily  prepared  in  the  control  laboratory. 


Procedure 

Four  commercial  enzyme  preparations  and  three  preparations 
made  in  this  laboratory  were  tested,  using  the  thiochrome  re¬ 
action  as  an  indicator  of  the  power  of  the  enzyme  to  split  cocar¬ 
boxylase.  A  considerable  range  of  results  was  found,  and,  as  was 
to  be  expected,  the  results  on  bread  did  not  coincide  with  those 
on  aqueous  solutions  of  pure  cocarboxylase.  Variations  were 
also  noticed  in  the  results  obtained  with  different  kinds  of  bread. 
The  assay  procedure  was  that  of  Conner  and  Straub  ( 3 )  with 
minor  modifications.  The  instrument  used  for  the  final  readings 
was  a  Coleman  Model  12  electronic  photofluorometer.  The 
enzyme  preparations  were  as  follows: 


Enzyme 


Source 


Takadiastase 
Clarase 
Mylase  P 
Polidase 

Aspergillus  flatus 
Yeast-glycerol  extract 

La(OH),  solution 


Parke,  Davis  &  Co. 

Takamine  Laboratory,  Inc. 

Wallerstein  Laboratories 
Schwarz  Laboratories,  Inc. 

Grown  in  this  laboratory 
Prepared  in  this  laboratory  after  Kirch 
and  Bergeim  (7) 

Used  in  water  solution.  Suggested  by  the 
work  of  Bamann  and  Meisenheimer  (A) , 
who  found  that  La(OH)3  cleaves  sodium 
glyceryl-0-phosphate 


Table  I.  Assays  of  Breads 


Incubation 


Enzyme” 

Bread 

Timet 

Hours 

Thiamine 

Micrograms/g. 

Takadiastase 

Commercial  1 

16.5 

3.11 

Takadiastase 

(sponge  process) 

1.5 

2.55 

Clarase 

16.5 

3.09 

Clarase 

1.5 

2.52 

Clarase 

20 

3.15 

Clarase 

18 

3.08 

Polidase 

20 

3.10 

Polidase 

1.5 

3.28 

Polidase 

18 

3.01 

No  enzyme  (blank 

1.5 

1.62 

determination) 

Takadiastase 

Commercial  2 

1.5 

3.51 

Clarase 

1.5 

3.03 

Polidase 

1.5 

4.35 

No  enzyme  (blank 

1.5 

1.41 

determination) 

Takadiastase 

Commercial  3 

1.5 

3.96 

Clarase 

1.5 

3.42 

Polidase 

1.5 

5.04 

Takadiastase 

Commercial  4 

1.5 

1.32 

Clarase 

1.5 

1.32 

Polidase 

1.5 

1.71 

Clarase 

Commercial  5 

16 

3.12 

Polidase 

1.5 

3.33 

Takadiastase 

Laboratory  bread  en¬ 

1.5 

1.02 

Clarase 

riched  with  yeast 

1.5 

1.35 

Polidase 

1.5 

2.40 

Mylase  P 

1.5 

2.13 

Yeast  extract 

1.5 

1.14 

Takadiastase 

Laboratory  bread  not 

1.5 

0.98 

Clarase 

enriched 

1.5 

0.78 

Polidase 

1.5 

1.20 

Mylase  P 

1.5 

0.99 

Yeast  extract 

1.5 

0.51 

a  Assays  of  1-gram  samples  of  enzymes  indicated  that  they  were  essen¬ 
tially  thiamine-free. 

&  Moisture  loss  was  found  negligible  with  long  incubation,  and  no  correc¬ 
tion  was  necessary. 


The  Aspergillus  jlavus  was  grown  on  a  1  per  cent  peptone- 
4.5  per  cent  sugar-tap  water  media,  dried  by  an  air  blast  at 
room  temperature,  and  ground  up.  It  was  stored  out  of  direct 
light  at  room  temperature,  as  were  the  commercial  enzymes. 
The  yeast  extract  was  kept  under  refrigeration,  where  it  is  stable 
for  months  (6).  The  lanthanum  hydroxide  did  not  give  en¬ 
couraging  results  and  was  abandoned  early  in  the  investigation. 

The  bread  samples  were  broken  into  small  pieces  and  air-dried 
to  about  10  per  cent  moisture,  then  ground  until  99  per  cent 
passed  through  a  36  grits  gauze,  and  blended  carefully.  They 
were  stored  at  room  temperature  out  of  direct  light.  Four-gram 
samples  were  taken  for  assay,  and  the  results  are  given  on  the 
“as  run’’  moisture  basis.  Most  of  the  work  was  done  with  a 
commercial  bread  (commercial  bread  1)  made  by  the  sponge 
process  and  enriched  with  a  concentrate  containing  iron,  thiamine, 
and  nicotinic  acid,  as  well  as  a  yeast  food.  Such  yeast  foods 
usually  contain  sodium  chloride,  calcium  sulfate,  ammonium 
chloride,  and  potassium  bromate.  Table  I  summarizes  the 
results  of  68  assays  on  this  bread  and  21  assays  on  six  other 
assorted  breads.  The  figures  given  represent  averages  of 
results,  all  of  which  agree  within  5  per  cent. 

It  is  apparent  here  that  the  polidase  gives  the  best  results, 
whether  the  time  is  1.5  hours  or  overnight,  with  mylase  P  giv¬ 
ing  second  best.  For  commercial  bread  1  mylase  P  and  the 
yeast  preparation  did  quite  as  well  as  polidase,  as  will  be  seen 
in  Figure  1.  In  all  cases  takadiastase  and  clarase  gave 
quantitative  results  only  after  incubation  periods  of  many 
hours. 

Using  the  sponge  process  bread  (commercial  bread  1)  time 
curves  were  run  on  all  the  enzyme  preparations.  The  results 
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Figure  1.  Time  Curves  Produced  by  Enzyme  Prepara¬ 
tions  on  Sponge  Process  Commercial  Bread  1 

All  preparations  were  3%  suspensions  in  the  buffer,  except  the  mold, 
which  was  1.1%.  Temperature,  45°-50°  C.  A,  takadiastase;  B, 
clarase;  C,  mylase  P;  D,  polidase 

are  shown  in  the  series  of  small  graphs  in  Figure  1.  The 
curves  were  continued  until  further  hydrolysis  gave  no  more 
thiamine,  with  one  exception. 

It  is  evident  from  these  graphs  that  only  polidase,  mylase  P , 
and  the  yeast  extract  gave  complete  hydrolysis  in  1.5  hours, 
and  since  the  yeast  extract  and  mylase  P  failed  to  give  quanti¬ 
tative  results  on  the  laboratory  breads  (see  Table  I)  it  follows 
that  only  polidase  can  be  depended  upon  to  give  good  results 
in  1.5  hours  on  all  the  breads  tested.  It  cannot  be  predicted 
that  it  would  likewise  give  quantitative  results  on  any  bread 
tested.  The  Aspergillus  flavus  preparation  followed  closely 
the  curves  set  by  takadiastase  and  clarase.  Since  it  is  difficult 
to  prepare,  no  further  work  was  done  with  it. 

A  concentration  curve  was  run,  using  polidase  and  com¬ 
mercial  bread  1  (Figure  2) .  It  is  apparent  from  this  graph  that 
it  is  inadvisable  to  use  concentrations  of  polidase  below  3  per 
cent  in  the  buffer  when  the  incubation  time  is  1.5  hours  and 
the  temperature  45°  to  50°  C. 


Figure  2.  Concentration  Curve 
with  Polidase 

Incubation  time  1.5  hours,  tempera¬ 
ture  45°  to  50°  C. 

To  compare  the  action  of  the  various  enzyme  preparations 
on  aqueous  solutions  of  pure  synthetic  cocarboxylase,  a  series 
of  experiments  was  undertaken  using  water  solutions  of  cocar¬ 
boxylase  made  0.04  N  with  sulfuric  acid.  The  buffer  solution 
of  enzyme  was  added  as  usual.  Some  125  assays  revealed  such 
variations  that  no  attempt  was  made  to  draw  any  definite  con¬ 
clusions  as  to  the  relative  merits  of  the  enzymes.  Some  typical 
results  are  shown  in  Table  II.  Only  polidase  gave  quantita¬ 
tive  recovery  consistently.  The  causes  for  this,  while  un¬ 
known  are  assumed  to  be  inhibitors  and  accelerators  that  ap¬ 
pear  in  varying  amounts  as  contaminants  in  the  apparatus. 

It  seems  reasonable  to  conclude  from  these  experiments  that 
variable  results  with  enzymes  used  to  hydrolyze  cocarboxylase 
in  bread — for  example,  the  variation  in  the  results  obtained 
with  mylase  P  and  the  yeast  extract — may  be  attributed  to 


the  differences  existing  between  various  kinds  of  enzymes,  and 
perhaps  also  to  the  presence  of  varying  amounts  of  activators 
and  inhibitors  in  different  breads.  It  also  seems  reasonable  to 
assume  that  experiments  with  aqueous  solutions  of  pure  co¬ 
carboxylase  may  not  give  the  same  results  as  with  cocarboxy¬ 
lase  in  bread.  It  is  recommended  that,  in  using  any  enzyme 
preparation,  the  enzyme  be  allowed  to  incubate  for  at  least  18 
hours  in  order  to  ascertain  the  shortest  incubation  time  pos¬ 
sible  with  that  particular  enzyme  and  bread. 

Summary 

An  enzyme  was  found  that  gave  complete  hydrolysis  in  1.5 
hours  on  all  breads  tested  when  they  were  assayed  for  thia¬ 
mine  content  by  the  thiochrome  method.  Other  enzymes 
gave  results  that  varied  considerably  with  the  kind  of  bread 
used.  When  used  with  solutions  of  pure  cocarboxylase,  all 
but  one  of  the  enzymes  gave  results  inconsistent  with  those  ob¬ 
tained  when  they  were  used  on  bread.  These  variations  are 
assumed  to  be  due  to  inherent  differences  between  various 
kinds  of  enzymes  and  to  the  presence  of  varying  amounts  of 
activators  and  inhibitors  in  different  breads. 


Table  II.  Hydrolysis  of  Aqueous  Solutions  of  Cocar¬ 
boxylase 

(Containing  10.0  and  12.5  ng.  of  cocarboxylase  per  50-ml.  aliquot) 


Enzyme 

Incubation 

Time 

Recovery 

Hours 

% 

Polidase 

0.25 

100.0 

Polidase 

2 

100.0 

Polidase 

3 

100.0 

Takadiastase 

2 

2 . 5 

Takadiastase 

2 

50.0 

Takadiastase 

3 

10.0 

Ciarase 

2 

100.0 

Clarase 

2 

10.0 

Mylase  P 

2 

100.0 

Mylase  P 

2 

60 . 0 

Yeast  extract 

0.50 

100.0 

Y east  extract 

1.5 

78.0 

Yeast  extract 

2 

10.0 

Blank  (no  enzyme) 

1.5 

0.0 
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Quantitative  Spectrographic  Analysis  of 

Stainless  Steels 

M.  F.  HASLER  AND  C.  E.  HARVEY,  Applied  Research  Laboratories,  Glendale,  Calif.,  AND  H.  W.  DIETERT,  Harry  W. 

Dietert  Co.,  Detroit,  Mich. 


A  spectrographic  method  of  analysis  is 
described  that  allows  rapid  and  accurate 
quantitative  analyses  of  all  metallic  con¬ 
stituents  in  stainless  steel  stock.  A  direct 
current  arc  and  a  specially  shaped  carbon 
electrode  allow  chromium  and  nickel  analy¬ 
ses  accurate  to  2  per  cent  of  the  quan¬ 
tity  being  measured.  At  the  same  lime,  sat¬ 
isfactory  silicon,  manganese,  columbium, 
molybdenum,  and  titanium  analyses  can 
also  be  made.  Complete  analytical  details 
are  furnished,  including  a  method  of  cal¬ 
culating  results  that  takes  into  considera¬ 
tion  the  wide  variation  in  iron  content 
likely  to  be  experienced  in  this  type  of  ma¬ 
terial. 


IN  THE  last  five  years  the  spectrograph  has  been  applied 
successfully  to  the  analysis  of  cast  iron  and  low  alloy 
steels  {1,8).  In  these  fields  the  great  economic  advantage  of 
a  method  so  rapid  and  accurate  that  it  can  give  analysis  in 
the  foundry  before  the  metal  is  cast,  and  so  convenient  that 
one  analyst  can  do  the  work  of  five,  was  bound  to  be  appreci¬ 
ated.  With  the  advent  of  the  war,  such  advantages  are  even 
more  valuable.  However,  the  great  need  at  the  moment  is  to 
extend  these  methods  to  more  and  more  alloys,  so  that  testing 
methods  can  be  made  to  keep  step  with  the  tremendous  in¬ 
crease  of  metal  production  that  is  being  experienced  at  this 
time. 

The  authors’  laboratories  have  attempted  to  contribute  to 
that  need  by  developing  a  method  of  stainless  steel  analysis 
that  is  sufficiently  accurate  and  rapid  to  be  used  for  the  rou¬ 
tine  analysis  of  chromium,  nickel,  manganese,  silicon,  colum¬ 
bium,  molybdenum,  titanium,  and  any  other  significant  ele¬ 
ment  by  a  single  spectrographic  procedure.  The  method  rep¬ 
resents  a  distinct  step  forward,  as  it  allows  the  analysis  of 
chromium  up  to  28  per  cent  and  of  nickel  up  to  20  per  cent 
with  results  precise  to  ±2  per  cent  of  the  quantity  being 
measured.  This  produces  analyses,  such  as  chromium  at 
28  ±  0.56  per  cent,  at  18  =•=  0.36  per  cent,  and  at  12  ±  0.24  per 
cent;  and  nickel  at  20  ±  0.4  per  cent,  at  12  ±  0.24  per  cent,  and 
at  8  =■=  0.16  per  cent.  At  first  glance,  this  accuracy  may 
not  appear  as  acceptable  as  chemical  methods,  but  a  careful 
comparison,  using  repeat  chemical  analyses  by  different  labo¬ 
ratories  and  spectrographic  analyses  by  different  operators, 
indicated  that  the  latter  suffer  much  less  from  random  acci¬ 
dental  errors  than  the  former,  and  hence  should  be  just  as  ac¬ 
ceptable,  particularly  for  routine  testing.  When  the  deter¬ 
minations  of  minor  constituents  are  compared,  the  spectro¬ 
graphic  method  proves  more  accurate  than  the  chemical 
method.  Thus  the  combination  of  acceptable  consistent 
analyses  at  the  higher  percentages,  and  very  precise  analyses 
at  the  lower  percentages  for  a  number  of  the  metallic  elements 
in  stainless  steel,  makes  this  method  of  distinct  value. 


In  addition  to  extending  the  spectrographic  method  to  the 
determination  of  alloying  constituents  at  high  percentages, 
this  work,  in  providing  for  the  analysis  of  ordinary  sheet  and 
wire  stock,  removes  the  limitation  of  specially  produced  sam¬ 
ples  which  has  been  found  necessary  in  much  previous  work  of 
comparable  accuracy. 

Sampling  of  Alloys 

In  connection  with  the  latter  point,  it  will  be  of  advantage 
to  discuss  the  sampling  problem  of  alloys  with  special  refer¬ 
ence  to  spectrographic  work.  This  problem  is  related  to  the 
particular  light  source  used  to  produce  the  spectrum  of  the 
sample,  depending  upon  whether  it  is  an  electric  spark  or  an 
arc.  The  spark  is  characterized  by  its  repetitiousness  and 
very  small  sample  consumption,  the  direct  current  arc  by  its 
continuousness  and  relatively  large  and  complete  sample  con¬ 
sumption.  Numerous  authors  have  characterized  the  spark 
as  being  highly  reproducible  and  hence  most  suitable  for  ac¬ 
curate  quantitative  analysis,  and  the  direct  current  arc  as 
being  nonreproducible  and  hence  suited  only  for  qualitative 
or  semiquantitative  work.  That  this  last  conclusion  is  not 
necessarily  true  and  that  the  sampling  problem  can  be  solved 
to  a  considerable  extent  by  employing  an  arc  is  the  basic 
premise  of  the  method  to  be  presented. 

In  the  case  of  the  spark,  either  60  or  120  electrical  strokes 
per  second  are  passed  between  electrodes  of  the  material  to  be 
analyzed.  Exposures  from  10  to  60  seconds  give  thousands  of 
strokes  which  play  about  the  top  of  the  sample  exposed  and 
thus  thoroughly  sample  the  surface  presented  for  analysis. 
It  is  this  constant  repetition  of  sparking  that  gives  an  aggre¬ 
gate  exposure  that  is  highly  reproducible,  providing  the  sur¬ 
face  presented  to  the  discharge  is  in  turn  highly  reproducible, 
both  as  to  composition  and  physical  state.  This  reproduci¬ 
bility  of  composition  and  physical  state  may  in  some  cases  be 
very  important,  as  the  spark  often  tends  to  etch  the  surface 
exposed  by  direct  evaporation  rather  than  by  first  melting 
and  then  evaporating.  It  thus  is  selective  in  its  action  and 
only  by  careful  production  of  the  surface  to  be  sparked  can 
assured  results  be  obtained  for  all  types  of  alloys. 

To  make  certain  that  at  least  the  composition  of  the  sur¬ 
face  exposed  to  the  spark  is  representative  of  the  sample, 
numerous  methods  of  sampling  have  been  worked  out.  The 
most  convenient  one  is  to  take  drillings  or  filings  from 
various  points  on  the  sample  and  briquet  them  into  an  elec¬ 
trode.  This  furnishes  a  composite  surface  for  sparking,  which, 
as  a  whole,  represents  the  average  analysis  of  the  sample — 
is  average  in  composition.  However,  this  procedure  does  not 
ensure  a  reproducible  physical  state  on  the  sparking  surface, 
irrespective  of  the  sample’s  metallurgical  history.  That  it 
has  been  highly  successful  in  many  instances  indicates  that 
for  certain  types  of  materials,  such  as  the  low  percentage  al¬ 
loys,  for  instance,  the  physical  state  is  well  reproduced  by 
ordinary  metallurgical  practice. 

However,  for  high  percentage  alloys,  such  as  stainless  steel, 
produced  under  a  variety  of  metallurgical  conditions,  no 
method  of  sampling,  short  of  dissolving  the  metal  completely 
or  melting  it  under  controlled  conditions,  would  be  expected 
to  produce  a  sample  representative  in  composition  and  uni¬ 
form  in  physical  form.  The  fact  that  certain  of  the  elements 
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determined  may  be  in  some  cases  combined  with  the  major 
constituents,  while  in  other  cases  they  may  be  present  in 
grain  boundaries  as  carbides  or  oxides,  certainly  indicates 
that  traditional  spark  methods  are  likely  to  give  very  uncer¬ 
tain  results  of  this  type  of  material. 

That  this  is  actually  the  case  has  been  proved  by  attempt¬ 
ing  to  analyze  0.3-cm.  (0.125-inch)  stainless  steel  wire  stock 
with  a  commercially  available,  controlled  high-voltage  spark 
unit.  Sparking  between  two  machined  ends  of  wire  pieces 
and  using  sparking  conditions  that  give  very  accurate  analy¬ 
ses  on  low  percentage  alloy  steels,  extremely  erratic  results 
were  obtained.  Groups  of  eight  repeat  analyses,  on  three 
samples,  using  remachined  wire  surfaces,  gave  an  average 
deviation  for  the  chromium  to  iron  intensity  ratio  of  10.1  per 
cent,  a  nickel  to  iron  4.8  per  cent  and  manganese  to  iron  5.4 
per  cent.  Silicon,  at  approximately  0.5  per  cent,  could  not 
be  measured  at  all  under  these  discharge  conditions.  This  is 
good  evidence  that  the  composition  of  these  wires  is  not  suffi¬ 
ciently  uniform  for  direct  spark  analysis.  If  briquetting  were 
to  be  used,  the  average  results  obtained  from  the  eight  runs 
of  each  sample  would  be  obtained  with  less  random  error. 
However,  when  these  averaged  results  were  plotted  against 
percentage  composition,  no  consistent  relationship  appeared, 
proving  that  the  physical  form  of  the  alloys  was  not  suffi¬ 
ciently  consistent  to  enable  direct  spark  analysis  of  either  rod 
or  briquetted  samples. 

Method  of  Sampling  and  Arcing 

It  was  with  these  facts  clearly  in  mind  that  a  method  of 
sampling  and  arcing  was  developed  that  allows  accurate 
analysis  of  material,  irrespective  of  its  metallurgical  history. 

The  basic  idea  is  very  simple.  If  a  fine  file  is  used,  filings  aver¬ 
aging  0.04  mm.  in  diameter  can  be  easily  obtained  from  sheet 
or  wire  stock.  These  can  be  taken  from  a  number  of  portions  of 
the  piece  to  be  tested  and  thoroughly  mixed  to  produce  a  sample 
of  good  average  composition.  A  3-mg.  portion  of  these  filings 
contains  about  1500  particles,  which  should  be  an  adequate  num¬ 
ber  to  provide  a  good  average  composition.  This  conclusion  is 
borne  out  by  the  reproducibility  obtained  upon  duplicate  analy¬ 
sis.  This  3-mg.  portion  is  placed  upon  a  special  carbon  electrode 
and  cemented  in  place  with  a  drop  of  sugar  solution  which 
has  been  preceded  by  a  drop  of  alcohol  to  wet  the  carbon.  The 
surface  tension  of  the  sugar  solution  spreads  the  stainless  steel 
particles  over  the  surface  of  the  electrode  where  they  are  deposited 
upon  drying. 

Figure  1  shows  the  type  of  special  electrodes  used  for  both  the 
top  and  bottom  electrodes  of  the  direct  current  arc.  LTpon  arcing, 
the  discharge  starts  at  the  center  post  above  the  sample  and  holds 
to  it  for  about  30  seconds.  This  heats  the  sample  sufficiently  by 
conduction,  so  that  it  melts  first  and  then  evaporates  up  into  the 
arc.  The  melting  erases  the  history  of  the  solid  sample  and  al¬ 
lows  a  reproducible  state  of  affairs.  The  arcing  proceeds  smoothly 
as  the  molten  metal  stays  spread  out  in  a  thin  layer  covered  with 
many  small  bumps.  There  is  no  tendency  to  form  a  single  large 
bead  of  metal,  which  usually  causes  arc  wandering  and  unstability 
of  the  discharge.  Rather,  the  center  post  burns  away  smoothly, 
vaporizing  much  of  the  metal  as  it  does.  This  is  followed  by 
vaporization  of  the  conical  platform  that  carries  the  sample. 
When  nothing  remains  but  the  stub,  one  is  assured  that  every 
bit  of  the  sample  has  been  evaporated.  This  arcing  to  completion 
assures  accurate  results  for  the  determination  of  refractory  sub¬ 
stances  used  as  stabilizers,  such  as  compounds  of  titanium  and 
columbium,  as  well  as  for  the  more  volatile  metals. 

With  the  sampling  problem  solved,  the  next  question  is, 
will  such  an  arc  give  reproducible  results;  will  the  intensities 
of  certain  chromium,  nickel,  silicon,  manganese,  etc.,  lines  in 
the  spectrum  bear  a  certain  reproducible  relationship  to  cer¬ 
tain  iron  lines  in  the  spectrum?  To  answer  this  question,  it  is 
necessary  to  determine  first  which  spectrum  lines  are  most 
suited  to  the  purpose.  The  usual  procedure  is  to  vary  such 
things  as  arc  current,  distance  between  electrodes,  etc.,  and 
determine  which  line  ratios  of  intensity  remain  the  most  con¬ 
stant  for  these  changes.  However,  in  this  case,  since  these 


quantities  could  be  controlled  very  accurately,  it  appeared 
best  to  study  the  variation  in  line  intensity  ratios  as  a  func¬ 
tion  of  the  total  amount  of  sample  on  the  electrode.  This 
was  done,  not  because  this  quantity  cannot  be  closely  con¬ 
trolled,  but  rather  because  variations  in  this  discharge  will  re¬ 
sult  mainly  from  differential  vaporization  effects,  and  change 
of  discharge  characteristics  with  time  through  the  arcing  cy¬ 
cle.  By  deliberately  changing  the  basis  for  such  effects,  line 
pairs  can  be  chosen  that  minimize  the  effect  of  possible  vari¬ 
ations. 


Figure  1.  Special  Carbon  Elec¬ 
trodes  Turned  from  Rod  Stock 


After  making  the  final  choice  of  line  pairs,  the  whole  prob¬ 
lem  of  reproducibility  was  reviewed  by  running  a  number  of 
arcings  on  a  wide  variety  of  samples  to  determine  what  the 
average  variation  in  selected  line  intensity  ratios  would  be. 
This  was  preferred  to  the  customary  procedure  of  repeating 
the  process  over  and  over  again  on  the  same  sample,  as  in  that 
case  the  properties  of  the  particular  sample  used  determine  the 
results  obtained  to  a  large  extent.  If  many  samples  are  used, 
an  average  reproducibility  can  be  determined  that  is  signifi¬ 
cant  for  the  entire  practical  problem  on  hand.  The  average 
deviations  from  the  means  obtained  from  80  determinations 
of  each  element  were  as  follows:  chromium  2.5  per  cent, 
nickel  2.6  per  cent,  silicon  2.8  per  cent,  manganese  3.2  per 
cent,  all  of  the  percentage  measured. 

This  reproducibility  is  not  quite  so  good  as  some  that  have 
been  reported  on  specially  prepared  samples  (2),  but  it  is 
very  good  when  the  wide  variety  of  samples  used  is  considered. 
However,  it  still  is  not  sufficient  for  the  accurate  determina¬ 
tion  of  the  high  percentages  desired.  In  general,  there  is  a 
very  simple  way  to  improve  analytical  accuracy — that  is,  re¬ 
peat  the  procedure  and  average  the  results.  The  gain  in  pre¬ 
cision  is  equal  to  the  square  root  of  the  number  of  determina¬ 
tions  averaged  to  produce  a  single  final  determination.  By 
averaging  two  arcings,  the  precision  is  thus  increased  1.4 
times.  Two  ways  of  handling  this  duplication  are  possible. 
One  is  to  use  two  arcings  to  produce  a  single  spectrogram,  the 
other  is  to  use  each  arcing  to  produce  a  single  spectrogram. 
In  the  first  case,  one  set  of  readings  on  the  various  line  black¬ 
nesses  with  the  densitometer  gives  the  average  result  auto¬ 
matically,  while  in  the  second  case  two  sets  of  readings  are 
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Table  I.  Repeat  Arcings 

Sample  analysis:  chromium  18.7%;  nickel  9.9%;  silicon  0.46%;  manganese  0.50%.  Exposure:  single  withiput 
averaging  two.  Percentage  deviation  of  analysis  obtained  by  applying  average  percentage  deviation  to  working 
curvesjof  Figures  3  and  4.  Deviations  for  two  arcings  obtained  by  averaging  all  possible  pairs  of  results,  calculating 
average  deviations  from  these  averages,  and  then  applying  these  to  working  curves. 
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required  and  the  results  averaged.  Obviously  the  second 
method  is  more  time-consuming,  but  it  averages  over  all 
other  errors  as  well  as  the  arc  errors,  so  that  it  produces  re¬ 
sults  slightly  more  accurate  than  the  first.  With  it,  average 
deviation  on  repeat  applications  of  the  whole  procedure — 
double  arcing  and  double  line  reading — gave  the  following 
average  deviations  from  the  mean:  chromium  1.8  per  cent, 
nickel  1.8  per  cent,  silicon  2.0  per  cent,  manganese  2.3  per 
cent,  all  of  the  percentage  measured. 

These  values  are  very  acceptable,  as  they  allow  consistent 
work  to  be  done  within  the  final  error  indicated  in  the  intro¬ 
ductory  remarks. 

In  order  to  show  the  precision  to  be  expected  on  a  short 
run,  the  results  of  eight  repeat  arcings  are  presented  in  Table 
I.  These  are  single  arcings  and  hence,  used  as  such,  should 
give  errors  similar  to  the  first  group  of  results  presented.  In 
view  of  the  small  number  of  runs  utilized,  the  agreement  with 
the  over-all  average  appears  about  right.  Taken  as  pairs  and 
averaged,  the  results  should  correspond  to  the  second  group 
of  results.  Again  the  agreement  appears  proper,  illustrating 
the  gain  in  accuracy  obtained  by  this  procedure. 

With  a  reproducible  method  of  handling  complex  metal¬ 
lurgical  samples  devised,  what  other  problems  arise  in  high 
percentage  analysis  that  are  not  present  at  low  percentages? 
The  main  one  is  the  internal  standard  problem.  In  low  alloy 
steels,  the  intensity  of  each  element’s  lines  is  compared  to 
iron,  and  since  iron  varies  only  from  90  to  100  per  cent,  even 
in  extreme  cases,  this  comparison  can  be  made  without  re¬ 
gard  to  the  iron  content  of  the  sample.  At  first  consideration, 
this  may  appear  as  poor  practice  if  it  is  desired  to  measure  the 
various  alloying  elements  very  accurately.  Actually,  the  in¬ 
tensities  of  most  iron  lines  change  very  little  for  a  substantial 
percentage  change  in  the  region  90  to  100  per  cent  iron.  Only 
because  of  this  can  the  comparison  be  made  without  regard  to 
the  iron  content.  However,  in  stainless  steel  work,  the  iron 
content  may  vary  from  as  low  as  55  per  cent  to  as  high  as  90 
per  cent.  In  this  case,  the  percentage  change  of  iron  will 
cause  an  appreciable  change  in  iron  line  intensities,  which 
certainly  cannot  be  ignored. 

At  first  it  appeared  that  the  only  way  to  solve  this  problem 
was  to  introduce  another  element  which  was  not  present  in 
steels  as  an  internal  standard.  Some  work  was  done  along 
this  line,  using  gold.  Although  the  results  were  promising,  it 
was  found  possible  to  go  back  to  iron  as  the  internal  standard 
if  corrections  for  variations  in  the  iron  content  of  the  samples 
were  made. 

With  the  two  basic  problems  solved,  means  for  preparing  a 
reproducible  record  easily,  and  means  of  interpreting  that 
record,  the  rest  of  the  work  proceeded  along  conventional 
lines.  However,  in  order  to  make  that  work  available  to 
other  workers  in  the  field,  the  method  and  results  obtained 
with  it  are  described  in  detail. 


Apparatus  and  Method 

Sample  Preparation.  Use 
a  No.  2  American-Swiss  spark¬ 
plug  file  and  obtain  a  total  of 
approximately  100  mg.  of  filings 
from  a  number  of  different 
points  on  the  sample.  Sawed 
edges  make  good  surfaces  for 
filing,  as  then  the  body  of  the 
metal  can  be  sampled.  Collect 
these  filings  on  a  piece  of 
paper,  transfer  them  to  a  glass 
vial,  and  mix  them  thoroughly 
by  stirring.  Prepare  a  small 
scoop  by  drilling  a  conical  hole 
on  the  side  of  a  0.31  X  0.16 
cm.  (Vs  X  Vie  inch)  rec- 
tangular  rod,  close  to  one  end. 
This  hole  is  about  0.175  cm. 
(0.070  inch)  in  diameter  and 
conical.  It  is  produced  with  an  ordinary  machinist’s  drill.  Ad¬ 
just  the  depth  of  the  hole  so  that  3  mg.  of  sample  will  just  fill  the 
hole  when  it  is  scooped  out  of  the  vial  with  the  rod,  tapped,  and 
leveled  with  a  spatula.  This  can  be  done  with  a  few  trials.  With 
a  little  experience,  an  operator  can  fill  such  a  scoop  with  3  ±0.15 
mg.  every  time.  This  represents  a  possible  error  of  5  per  cent  in 
weighing.  However,  since  the  intensities  of  all  lines  of  the  ele¬ 
ments  to  be  measured  are  compared  to  iron  line  intensities,  this 
does  not  introduce  an  appreciable  error  in  the  result.  This  is 
particularly  true  for  the  lines  chosen,  as  these  varied  little  in 
intensity  ratio  with  a  large  change  in  the  total  amount  of 
sample. 

Electrode  Preparation.  All  lower  electrodes  should  be 
prearced  6  seconds  after  the  current  has  been  adjusted  to  10 
amperes  on  short  circuit  of  the  electrodes.  This  vaporizes  the 
impurities  common  to  graphite  electrodes  not  of  superpure  grade 
that  may  interfere  with  certain  of  the  determinations  to  be  made, 
such  as  silicon  and  titanium.  Besides  this,  the  prearcing  puts 
the  electrode  in  a  more  porous  form,  so  that  the  molten  metal 
can  more  readily  obtain  intimate  contact  with  it.  A  decided 
drop  in  reproducibility  is  noted  if  electrodes  are  not  prearced,  so 
that  this  represents  an  important  point  that  should  be  given 
careful  attention.  Prearcing  can  be  done  for  a  group  of  lower 
electrodes  just  prior  to  their  final  preparation. 

With  the  scoop,  load  3  mg.  of  sample  into  each  of  two  elec¬ 
trodes.  This  provides  the  duplicate  electrodes  necessary  for  very 
high  precision.  Tap  the  base  of  the  electrode  to  distribute  the 
sample  around  the  center  post.  Place  a  drop  of  alcohol  on  the 
electrode  to  wet  it,  followed  by  a  drop  of  sugar  solution  containing 
4  mg.  of  sugar  per  drop.  Gently  heat  the  electrode  over  a  flame 
until  the  sugar  solution  dries.  Do  not  overheat,  as  carbonizing 
the  sugar  produces  a  variation  in  the  starting  condition  of  the 
electrodes. 

Arcing  Conditions.  The  electrodes  are  centered  accurately 
on  the  optical  axis  by  means  of  a  projection  system.  Vertically 
they  are  arranged  0.352  cm.  (Vei  inch)  above  and  below  the  op¬ 
tical  axis,  giving  a  total  electrode  spacing  of  0.703  cm.  (9/32  inch) 
between  electrodes.  All  measurements  are  made  to  the  platform 
rather  than  the  tip  of  the  lower  electrode.  The  arc  is  struck  by 
moving  the  upper  electrode  down  onto  the  lower,  and  then  rapidly 
raising  it  until  it  reaches  its  original  position,  determined  by  a 
stop. 

The  arc  current  supplied  by  a  commercial  spectrographic  rec¬ 
tifier  unit  is  adjusted  to  10  amperes  with  the  electrodes  short- 
circuited.  Upon  striking  the  arc,  the  current  is  about  7.5  am¬ 
peres.  It  gradually  decreases  as  the  arc  gap  widens.  No  adjust¬ 
ment  of  the  electrode  positions  or  of  the  current  is  made  while 
the  arc  is  on. 

The  arc  is  allowed  to  vaporize  sample  and  electrode  until  the 
entire  platform  is  consumed  and  only  the  stub  remains.  This  re¬ 
quires  about  80  seconds. 

The  entire  arcing  is  photographed  to  produce  a  single  spectro¬ 
gram. 

Spectrograph  Employed.  The  spectra  of  iron,  chromium, 
and  nickel  are  all  very  complex.  Thus,  it  is  essential  to  have  a 
spectrograph  of  adequate  resolution  and  dispersion  for  stainless 
steel  analysis.  The  instrument  utilized  was  a  commercial  grating 
spectrograph  (A.  R.  L.-Dietert)  haoving  a  high  resolving  power, 
48,000,  and  adequate  dispersion,  7  A.  per  mm. 

The  instrument  utilizes  35-mm.  motion  picture  film,  which  pro¬ 
vides  the  most  uniform  emulsion  obtainable. 

Illumination  of  Spectrograph  Slit.  The  arc  is  placed 
28  cm.  beyond  the  height-limiting  aperture  of  the  astigmatic 
grating  spectrograph,  which  is,  in  turn,  18  cm.  beyond  the 
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Table  II. 

Spectrum  Lines 

Transmission 

Intensities 

Wave 

Readings 

Deduced 

Length 

(Typical 

from 

Elements 

of  Line 

Example) 

Figure  2 

Chromium 

2879.3 

18.3 

1.38 

Nickel 

2821.3 

19.0 

1.34 

a 

3101.6 

Manganese 

2933.1 

39.1 

0.79 

Silicon 

2506.9 

44.1 

0.72 

Columbium 

2950.9 

Molybdenum 

2816.2 

°  For  low  percentage  nickel  alloys. 

Table  III.  Spectrum  Lines  of  Iron 

Wave 

Known  Relative 

Transmission 

Length 

Intensity  Values 

(Typical  Example) 

2950 . 2 

1.50 

16.2 

2872.3 

1.00 

28.3 

2869 . 3 

2.13 

10.1 

2840.4 

1.08 

25.9 

2838.1 

2.30 

9.2 

2828 . 8 

0.76 

41.2 

2804.5 

2.59 

8.0 

primary  slit.  No  condensing  lens  is  used.  This  setup  of  the 
astigmatic  spectrograph  gives  spectra  with  sharply  defined  edges, 
such  as  are  obtained  with  a  stigmatic  instrument. 

Film  Processing.  To  obtain  the  best  results,  the  uniformity 
of  film  sensitivity  must  be  matched  with  uniformity  of  develop¬ 
ment.  This  is  accomplished  with  commercial  apparatus  made 
specifically  for  handling  film  under  reproducible  conditions  of 
developer  agitation  and  temperature.  High-speed  washing  and 
drying  allow  complete  film  processing  in  4  to  5  minutes. 

Film  Measurement.  A  projection  comparator-densitometer 
provides  a  very  simple  method  for  finding  the  lines  required  and 
measuring  their  degree  of  blackness.  The  identification  of  lines 
is  made  by  a  linear  direct-reading  scale  on  a  master  plate  which 
allows  them  to  be  located  by  their  wave  lengths.  Their  trans¬ 
mission  values  are  then  read  with  a  high-precision  photoelectric 
densitometer. 

Spectrum  Lines  Employed.  Table  II  gives  the  spectrum 
lipes  of  the  various  elements  used  in  making  analyses.  Table 
III  gives  the  various  spectrum  lines  of  iron  used,  both  as  in- 


Figure  2.  Typical  Film  Blackening  Calibra¬ 
tion  Curve 

Determined  from  lines  of  known  relative  intensity 


.6  .7  .8  .9  LO  1.5  20 

INTENSITY  RATIOS 

- I  I - 1 - 1 - 1 — I 


9  1 0  15  20  25  30 

PERCENTAGE  CHROMIUM 

- m — i — i  r 

5.6  7  10  15  20 

PERCENTAGE  NICKEL 

I  I  II 

55  607090 

PERCENTAGE  IRON 

Figure  3.  Working  Curves  and 
Scales  for  Chromium  and  Nickel 
Determinations 

With  unity  point  correction  curve  for  iron  con¬ 
tent  of  sample 


ternal  standards  and  for  film  calibration.  These  iron  lines 
have  been  carefully  chosen,  so  that  they  remain  constant  as  to 
their  relative  values  over  large  changes  in  iron  content. 

The  “known  values  of  intensity”  have  been  determined  by 
standard  stepped-sector  methods.  They  should  be  rechecked 
with  the  spectrographic  equipment  to  be  used,  as  variations 
in  the  exact  positioning  of  the  arc  may  cause  differences. 

Calculations 

Calculation  of  Relative  Intensity  Values.  This 
group  of  iron  lines  is  read  in  each  spectrogram  and  plotted  as 
shown  in  Figure  2 — log  transmission  as  ordinate,  log  inten¬ 
sity  as  abscissa.  This  gives  the  usual  film-blackening  cali¬ 
bration  curve  inverted,  by  which  differences  in  developing 
conditions,  film  contrast,  etc.,  are  eliminated  from  the  re¬ 
sults.  Using  this  curve,  the  transmission  readings  of  the  lines 
of  the  elements  to  be  determined  are  converted  to  relative  in- 

o 

tensity  values,  relative  to  the  iron  2872  A.  line  being  con¬ 
sidered  as  of  intensity  unity.  These  are  given  for  the  typical 
example  shown. 

This  procedure  is  repeated  for  each  spectrogram,  so  that 
each  relative  intensity  is  deduced  from  the  best  average  curve 
through  all  the  iron  line  values  for  that  exposure.  This  is  a 
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more  painstaking  procedure  than  is  usually  employed,  but  it 
is  essential  for  the  highest  possible  accuracy. 

Final  Calculation  of  Percentages.  With  the  intensi¬ 
ties  of  the  various  element  lines  reduced  to  relative  values 
compared  to  the  internal  standard  iron  lines,  the  next  step  is 
to  reduce  these  ratios  to  percentage. 


Figure  4.  Working  Curves  for  Molyb- 

DENUM,  CoLUMBIUM,  MANGANESE,  AND  SILICON 
With  unity  point  correction  curve  for  iron  content  of  sample 


The  way  to  do  this,  so  that  a  final  working  scale  can  be  ab¬ 
stracted  from  the  results,  is  to  plot  percentage  as  ordinates,  and 
1 1/ /jre  (relative  intensity  to  iron)  as  abscissa  using  log  scales. 
This  gives  curves  such  as  are  shown  in  Figures  3  and  4.  By  re¬ 
placing  relative  intensity  values  along  the  abscissa  by  the  corre¬ 
sponding  percentages,  a  rule  for  the  direct  reading  of  percentages 
is  made  available,  to  replace  the  log  intensity  scale  of  Figure  2. 
It  should,  of  course,  be  adjustable  horizontally.  An  arrangement 
like  this  is  the  basis  for  the  conventional  calculating  machine. 

So  far  this  follows  the  usual  procedure  for  the  reduction  of  data 
to  the  final  percentage.  However,  an  innovation  is  introduced  at 
this  point  to  allow  taking  into  consideration  the  variable  iron 
content.  Since  the  intensities  of  the  iron  lines  will  increase  with 
the  increased  concentration  of  iron,  a  correction  is  made  by  mov¬ 
ing  the  unity  point  of  the  relative  intensities  (Figures  3  and  4) 
to  the  right  for  an  increase  in  iron.  Thus,  by  introducing  a  curve 
for  iron  relating  the  percentage  of  iron  to  the  intensity  of  the 
basic  iron  line,  2872  A.,  and  using  this  curve  to  locate  the  unity 
point  of  the  system,  a  multicomponent  system  of  analysis  is  made 
possible,  instead  of  the  essentially  single-component  system  usu¬ 
ally  employed. 

At  first  glance  this  appears  involved,  but  actually  it  is  simple. 
In  most  work,  the  approximate  iron  content  is  known.  Thus, 
starting  with  this  value,  the  unity  point  of  the  system  is  deter¬ 
mined.  The  various  elements  are  determined  with  respect  to  this 
iron  value,  and  are  then  totaled,  including  the  iron  content.  If 
they  add  up  to  100  =±=  2  per  cent,  the  correct  iron  percentage 
was  utilized.  If  the  sum  departs  from  100  too  much,  the  iron 
content  must  be  evaluated  in  the  following  manner: 

For  the  sum  equal  to  a  value  over  100,  the  original  iron  estimate 


was  too  high.  As  a  first  trial,  reduce  the  iron  percentage  by  half 
the  amount  of  the  total  exceeding  100  per  cent.  Recalculate 
the  other  elements  and  recheck  the  total.  Readjust  the  iron 
value  again  if  necessary,  and  recalculate. 

In  actual  practice,  the  results  are  insensitive  to  variations 
in  the  iron  percentage,  especially  at  the  higher  iron  percent¬ 
ages.  Here  an  error  in  iron  content  of  5  per  cent  causes  only  a 
2  per  cent  error  in  the  element  determinations.  Thus,  the  iron 
content  is  usually  known  with  sufficient  accuracy  just  from 
the  type  of  alloy  being  tested,  so  that  a  single  calculation  suf¬ 
fices  for  the  determination  of  each  of  the  other  elements. 

Comparison  between  Chemical  and  Spectro- 
graphic  Determinations 

Table  IV  indicates  the  degree  of  comparison  to  be  expected 
between  chemical  and  spectrographic  results. 

A  number  of  chemical  determinations  were  checked  by  two 
laboratories.  The  variations  experienced  were,  in  some 
cases,  as  great  as  those  of  the  spectrographic  method.  Thus, 
in  interpreting  differences  between  the  chemical  results  and 
the  spectrographic  results,  a  certain  amount  of  the  error  must 
be  attributed  to  the  chemical  method  as  well  as  the  spectro¬ 
graphic.  If  the  difference  is  shared  between  the  two  methods, 
the  errors  of  the  spectrographic  method  appear  small  enough 
for  much  routine  work. 

In  the  case  of  manganese,  silicon,  molybdenum,  and 
columbium,  the  general  agreement  between  the  two  methods 
was  satisfactory.  However,  repeat  chemical  determinations 
on  these  elements,  carried  out  by  different  laboratories,  varied 
much  more  than  repeat  spectrographic  results  for  these  ele¬ 
ments,  so  that  no  detailed  comparison  is  given. 


Table  IV. 

Comparison 

of  Methods 

Chromium 

Nickel 

Sample  No. 

Chemical 

Spectrographic 

Chemical  Spectrographic 

2001 

16.5 

16.7 

10.2 

9.9 

2002 

17.8 

18.1 

9.2 

9.1  • 

2003 

18.6 

18.2 

9.2 

9.0 

2004 

18.8 

18.0 

9.2 

9.3 

2005 

19.1 

19.5 

10.6 

10.5 

2006 

21.5 

21.1 

11.9 

11.8 

2007 

13.3 

13.2 

2008 

24.1 

23.9 

2009 

17.4 

17.7 

12.5 

12.4 

2010 

17.9 

18.5 

2011 

20.0 

19.8 

10.0 

10.5 

2013 

22.2 

21.8 

13.7 

13.4 

2014 

26.0 

25.7 

2015 

9.2 

9.2 

2016 

23.4 

23.4 

20.2 

20.2 

2018 

27.9 

28.0 

5 . 0 

5.2 

2021 

11.9 

11.4 

2022 

17.4 

17.7 

8.2 

2023 

18.4 

19.0 

8.6 

Summary 

This,  then,  represents  a  practical  spectrographic  method  of 
stainless  steel  analysis.  It  is  characterized  by  the  ability  to 
analyze  any  stock  material  of  unknown  metallurgical  history 
in  a  simple  and  straightforward  manner  without  elaborate 
sample  preparation.  It  also  introduces  a  means  of  using  a 
variable  constituent,  iron,  as  an  internal  standard.  These 
two  advances  make  possible  the  determination  of  individual 
alloying  elements  in  quantities  over  20  per  cent.  This  can  be 
done  even  when  the  total  alloying  constituents  amount  to  45 
per  cent  of  the  entire  sample.  The  fact  that  steel  stock  of 
high  percentage  alloys  of  iron  can  be  successfully  analyzed  by 
this  method,  suggests  its  use  on  the  lower  percentage  alloy 
steels  in  cases  where  its  sampling  advantages  are  important. 

Though  the  method  is  not  so  precise  for  the  higher  percent¬ 
age  alloying  elements  as  chemical  analyses  carried  out  by  ex- 
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perienced  analysts  working  under  carefully  controlled  condi¬ 
tions,  it  offers  the  advantages  of  a  time-saving  routine  pro¬ 
cedure  for  the  analysis  of  many  alloys  produced  by  the  steel 
industry. 
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Acrolein  Determination 

In  the  Presence  of  Formaldehyde  and  Acetaldehyde  by  the  Polarographic  Method 

ROSS  W.  MOSHIER,  Central  Research  Department,  Monsanto  Chemical  Co.,  Dayton,  Ohio 


ACROLEIN  can  be  identified  by  certain  color  tests 
l  (2, [6,  7,  12)  and  by  the  preparation  of  derivatives  (1,  8, 
18).  The  literature  on  its  quantitative  determination  is 
meager. 

Schiff’s  reagent  has  quantitative  application  ( 9 ).  Neuberg 
(10)  made  use  of  the  insolubility  of  the  2,4-dinitrophenylhydra- 
zone  for  a  quantitative  precipitation  method.  Zappi  and 
Labriola  (15)  studied  the  application  of  several  aldehyde  meth¬ 
ods  to  the  quantitative  determination  of  acrolein,  and  found  the 
Ripper  bisulfite  method  satisfactory,  as  did  Ivanov  (8).  Another 
method  uses  the  reaction  with  iodine  to  give  iodoform,  with  back- 
titration  of  the  excess  iodine  (5) . 

The  above  methods  are  inaccurate  when  other  aldehydes 
are  present  with  acrolein.  This  paper  describes  the  appli¬ 
cation  of  a  reliable  polarographic  method  to  the  quantitative 
determination  of  acrolein  in  the  presence  of  formaldehyde 
and  acetaldehyde. 

Acrolein  shows  two  reduction-potential  waves  (Figure  .  1). 
The  first  wave,  presumably  due  to  reduction  of  the  double 
bond,  has  its  half-wave  potential  at  —0.83  volt  at  pH  4.8; 
—0.98  volt  at  pH  5.8;  and  —1.04  volts  at  pH  7.0  to  11.0, 
corrected  for  pool  voltages.  The  second  wave,  due  to  re¬ 
duction  of  the  aldehyde  group,  has  its  half-wave  potential  at 
1.44  volts  at  pH  8.7  to  11.0,  corrected  for  pool  voltage.  The 
first  acrolein  wave  at  pH  7.5  appears  at  the  flattened  portion 
of  the  natural  curve  of  the  indifferent  salt  solutions.  By  use 
of  the  increment  method  (11)  the  beginning  of  this  wave  is 
easily  observed,  although  the  curve  is  somewhat  steep  at 
this  point.  The  second  acrolein  wave  at  pH  7.5  is  entirely 
obscured  by  the  steepness  of  the  natural  curve  in  this  poten¬ 
tial  range. 

The  fact  that  acrolein  in  alkaline  solution  produces  two 
widely  separated  polarographic  waves,  offers  two  possibilities 
for  determining  it  in  the  presence  of  other  aldehydes  often 
encountered  in  the  same  solution.  The  acetaldehyde  wave  is 
partially  superimposed  on  the  second  acrolein  wave,  and 
therefore  cannot  be  used  for  the  determination  of  acrolein  in 
the  presence  of  acetaldehyde.  The  formaldehyde  wave 
occurs  between  the  two  acrolein  waves,  and  if  the  concentra¬ 
tions  are  not  too  great  no  overlapping  occurs.  Therefore 
either  acrolein  wave  offers  a  possibility  for  its  determination 
if  formaldehyde  is  the  only  other  aldehyde  present.  In  a 
mixture  of  these  three  aldehydes  acrolein  can  be  determined 
from  its  first-appearing  wave.  At  an  elevated  temperature 
and  a  lower  pH  the  acrolein  wave  heights  are  greater.  Re¬ 
producibility  is  better  at  a  lower  pH.  A  lithium  phosphate- 
buffered  solution  at  approximately  pH  7  containing  0.01  molar 
lithium  chloride  proved  to  be  the  best  indifferent  salt  solution 
for  determining  acrolein  from  its  first  wave. 


Solutions 

Aldehyde  Solutions.  The  acrolein  solution  was  prepared 
from  Eastman  Kodak  Company  acrolein  by  distilling  it  and 
collecting  the  52°  fraction  in  distilled  water  containing  0.01  per 
cent  hydroquinone  as  stabilizer.  The  formaldehyde  solution 
was  made  by  diluting  commercial  formalin  solution.  The 
acetaldehyde  solution  was  made  from  paraldehyde  by  distilling 
it  in  the  presence  of  sulfuric  acid  and  collecting  the  fraction, 
boiling  point  22°,  in  distilled  water  containing  0.01  per  cent 
hydroquinone.  All  aldehyde  solutions  were  analyzed  by  the 
Ripper  bisulfite  method  as  modified  by  Kolthoff  and  Furman  (4). 

Indifferent  Salt  Solutions,  pH  11,  were  prepared  by 
dissolving  1  gram  of  lithium  carbonate  and  0.01  mole  of  lithium 
chloride  in  water,  adding  1  ml.  of  0.2  per  cent  methyl  red  alcoholic 
solution  and  1.5  ml.  of  0.02  per  cent  bromocresol  green  alcoholic 
solution  as  maxima  inhibitor,  and  diluting  to  1  liter. 

Solutions  of  pH  8.7  and  9.6  were  prepared  in  the  same  way  as 
the  pH  1 1  solution  and  then  carbon  dioxide  was  added  to  adjust 
to  the  desired  pH. 


Applied  Voltage 

Figure  1.  Current  Voltage  Curves  for  Acrolein 

Sensitivity,  1/5.  Volume,  110  ml. 

1.  2.71  mg.  of  acrolein,  pH  7.5,  28.8° 

2.  Residual  current,  pH  7.5,  28.8° 

3.  2.71  mg.  of  acrolein,  pH  11.0,  24.8° 
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Figure  2.  Effect  of  Temperature  on  Wave 
Height 


Sensitivity,  1/5.  Volume,  110  ml. 

Upper  curves,  acrolein  second  wave,  pH  11 
1.  28.8°.  2.  26.8°.  3.  24.8° 

Lower  curves,  acrolein  first  wave,  pH  7.5 
4.  28.8°.  5.  26.8°.  6.  24.8° 


The  pH  7.5  solution  was  prepared  by  neutralizing  0.02  mole 
of  phosphoric  acid  with  lithium  hydroxide,  adding  the  maxima 
inhibitor,  and  diluting  to  1  liter. 

The  pH  5.8  solution  was  prepared  from  potassium  dihydrogen 
phosphate  and  sodium  hydroxide  (Clark  and  Lubs’  standard 
mixtures)  with  maxima  inhibitor  added. 

The  pH  4.8  solution  was  prepared  from  potassium  acid  phthal- 
ate  and  sodium  hydroxide  (Clark  and  Lubs’  standard  mixtures) 
with  maxima  inhibitor  added. 

All  solutions  were  measured  for  pH  with  a  Leeds  &  Northrup 
glass  electrode  potentiometer  electrometer. 

Analyses 

The  polarograph  used  in  this  work  was  a  visual-reading  in¬ 
strument  known  as  the  Elecdropode  (manufactured  by  the 
Fisher  Scientific  Co.,  Pittsburgh,  Penna.).  All  work  was  carried 
out  at  one  fifth  the  maximum  sensitivity  of  the  galvanometer. 
The  full  sensitivity  of  the  galvanometer  is  of  the  order  of  0.006 
microampere  per  scale  division  of  2.3  mm.,  the  scale  being  75 
cm.  (30  inches)  from  the  galvanometer.  Readings  to  one  tenth 
of  a  scale  division  of  the  maximum  swing  of  the  galvanometer 
were  made  without  difficulty. 

The  polarographic  analyses  were  carried  out  in  125-ml.  lipless 
beakers  open  to  the  air,  since  at  lower  sensitivities  of  the  galva¬ 
nometer  the  current  due  to  the  oxygen  wave  is  not  too  great  to 
interfere  with  aldehyde  determinations  {14)-  Further,  the  re¬ 
moval  of  oxygen  with  inert  gas  is  time-consuming;  and  the 
suggested  (14)  use  of  bisulfite  was  found  in  the  course  of  the 
present  work  to  affect  the  wave  heights  of  aldehydes.  Since 
preliminary  work  gave  erratic  results  which  were  found  to  be 
due  in  part  to  changes  in  temperature,  a  small  constant-tempera¬ 
ture  bath  was  arranged  to  hold  the  cell  during  analysis. 

The  influence  of  temperatures  and  pH  is  well  illustrated 
by  the  relative  heights  of  the  first  acrolein  waves  (Figure  1, 
curves  1  and  3).  Temperature-concentration  curves  were 
made  (Figure  2) .  In  the  case  of  both  acrolein  waves,  tempera¬ 
ture  control  is  necessary  for  accurate  results  since  1°  of 
temperature  change  causes  an  0.8  per  cent  error.  The  effect 
of  pH  on  the  accuracy  of  acrolein  determinations  may  be 


Acrolein 

Table  I.  Determination  of  Acrolein 

Formal-  Acetal¬ 
dehyde  dehyde  Wave  Height®  Acrolein 

Present 

Mg. 

Present 

Mg. 

Present 

Mg. 

Found 

Average 

Found  f> 
Mg. 

Error 

Mg.  % 

0.952 

0.0 

0.0 

3.9 

3.8 

3.85 

0.98 

+  0.028 

+2.9 

0.943  c 

17.7 

6.14 

3.5 

3.6 

3.55 

0.93 

-0.013 

-1.3 

1.904 

0.0 

0.0 

6.0 

6.1 

6.05 

1.83 

-0.074 

-3.9 

1.904 

10.6 

6.14 

6.2 

6.1 

6.15 

1.87 

-0.034 

-1.8 

2.856 

0.0 

0.0 

8.9 

8.6 

8.75 

2.90 

+0.044 

+  1.5 

2.856 

0.0 

6.14 

8.9 

8.7 

8.80 

2.91 

+0.054 

+  1.9 

3.808 

0.0 

0.0 

11.0 

11.0 

11.0 

3.78 

-0.028 

-0.7 

3.808 

17.7 

0.0 

10.9 

11.1 

11.0 

3.78 

-0.028 

-0.7 

°  Galvanometer  current  increase  in  scale  divisions  as  determined  by  in¬ 
crement  method. 

!>  See  curve  for  pH  7.5  in  Figure  3. 

®  Correction  for  concentration. 


seen  in  Figure  3,  which  shows  curves  for  concentration- 
wave  heights  at  pH  4.8  to  11  of  the  first  acrolein  wave. 
Curves  for  pH  4.8  and  11  are  included,  although  the  values 
are  not  reproducible,  since  when  the  analysis  is  repeated  im¬ 
mediately  on  the  same  solution  the  wave  height  has  become 
smaller.  Figure  3  also  shows  the  effect  of  pH  on  the  second 
acrolein  wave. 


Figure  3.  Effect  of  pH  on  Wave  Height 
Sensitivity,  1/5.  Temperature,  28.8°.  Volume,  110  ml. 
Acrolein  second  wave 

1.  pH  11.0 

2.  pH  9.6 

3.  pH  8.7 

Acrolein  first  wave 

4.  pH  5.8 

5.  pH  7.5 

6.  pH  4.8 

7.  pH  8.7 

8.  pH  9.6 

9.  pH  11.0 
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Results 

A  buffered  solution  at  pH  7.5  was  selected  as  best  for  (1) 
reproducibility,  (2)  ease  of  observance  of  the  beginning  and 
end  of  the  first  acrolein  waves  by  the  increment  method  with¬ 
out  the  necessity  of  first  plotting  the  polarographic  curve, 
(3)  maximum  wave  height,  and  (4)  noninterference  of  form¬ 
aldehyde  and  acetaldehyde.  At  the  half-wave  potential  of 
—  1.0  volt  the  drop  weight  was  0.0045  gram,  and  the  drop 
rate  was  4.02  seconds. 

Table  I  contains  representative  data  obtained  at  pH  7.5, 
28.8°  C.,  and  a  galvanometer  sensitivity  of  one  fifth. 

Summary  and  Conclusions 

The  quantitative  polarographic  determination  of  acrolein 
in  the  presence  of  formaldehyde  and  acetaldehyde  is  most 
accurately  made  in  a  lithium  chloride  solution  buffered  at 
pH  7.0  to  8.0  with  lithium  phosphate.  During  the  determina¬ 
tion,  the  temperature  must  be  held  constant  within  ±0.05°. 
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Woburn  Iodine  Absorption  Method 

Use  in  Combination  with  Partial  Iodine  Values  for  the 
Determination  of  Diene  Numbers 

J.  D.  VON  MIKUSCH  AND  CHARLES  FRAZIER1 
Woburn  Degreasing  Company  of  New  Jersey,  Harrison,  N.  J. 


IN  THE  preceding  paper  (22)  it  was  shown  that  iodine 
bromide  solutions  of  1.6  to  2  times  the  concentration  of 
Hanus’  solution  can  be  used  for  determining  the  total  un¬ 
saturation  of  oils  and  fatty  acids  containing  conjugated 
double  bonds.  It  was  indicated  that  the  “total  iodine  value” 
thus  obtained  could  be  used,  in  combination  with  partial 
iodine  values,  for  determining  the  diene  value  of  certain  oils 
and  fatty  acids. 

Previous  Methods 

The  use  of  total  and  partial  iodine  absorption  values  for 
determining  conjugation  is  not  new. 

Kaufmann  (14)  measured  the  iodine  values  of  eleostearic  acid 
for  saturation  of  one,  two,  and  three  double  bonds,  using  bromine 
with  and  without  irradiation  and  thiocyanogen,  respectively,  in 
an  attempt  to  calculate  the  composition  of  tung  oil.  Qualitative 
methods  for  showing  the  presence  of  conjugated  double  bond 
systems  based  on  their  characteristic  rapid  primary  absorption 
of  Wijs’  reagent  which  is  followed  by  a  slow  completion  of  the 
addition,  were  used  by  Boeseken  ( 3 ,  4),  Gelber  (10),  and  later  by 
Forbes  and  Neville  (9),  while  Kass  et  al.  demonstrated  that  the 
conjugation  could  be  qualitatively  detected  by  the  use  of  a  rapid 
Hanus  method  in  conjunction  with  the  Rosenmund-Kuhnhenn 
and  other  modified  Wijs  procedures  (11).  Scheiber  (27)  and 
Boettcher  (5)  used  Hanus’  solution  for  the  same  purpose,  while 
Smit  (28)  made  use  of  a  similar  behavior  toward  oxidation  with 
peracetic  acid. 

Toms  (30)  'calculated  the  percentage  of  eleostearic  acid  in  tung 
oil  from  the  difference  between  the  bromine-vapor  iodine  value 
(26)  and  the  Wijs  iodine  value,  and  his  method  was  later  im¬ 
proved  by  Bolton  and  Williams  (6),  who  replaced  the  ordinary 
Wijs  value  by  the  “instantaneous”  iodine  value,  found  by  extra¬ 
polating  two  Wijs  iodine  numbers  for  0.5  and  3  hours,  respec¬ 
tively. 


1  Present  address,  260  Parkside  Ave.,  Brooklyn,  N.  Y. 


The  need  for  such  differential  halogen  absorption  methods 
was  temporarily  placed  in  doubt  when  in  1936  Kaufmann  and 
Baltes  (15)  and  subsequently  Ellis  and  Jones  (8)  completed 
direct  methods  for  determining  the  diene  value,  using  maleic 
anhydride  according  to  the  Diels-Alder  reaction.  While  a 
quantitative  application  of  differential  halogen  absorption 
had  been  made  only  in  the  case  of  tung  oil,  the  maleic  an¬ 
hydride  addition  methods  were  equally  applicable  to  systems 
of  two  and  three  conjugated  double  bonds.  However,  diffi¬ 
culties  arose  in  the  presence  of  hydroxyl  groups,  especially 
with  the  more  rapid  Ellis-Jones  method-  (7,  25)  and  attempts 
to  overcome  these  by  acetylation  were  only  partially  success¬ 
ful  (1).  The  Kaufmann-Baltes  method  is  said  to  be  un¬ 
affected  by  hydroxyl  groups,  and  tests  made  in  this  laboratory 
showed  the  hydroxyl  group  of  hydrogenated  castor  oil  (25)  to 
cause  no  disturbance  with  this  procedure.  Bickford  and 
collaborators  (1),  however,  obtained  diene  values  on  castor 
oil  of  3.2  with  the  Kaufmann-Baltes  method,  and  of  9.9  to 
10.2  with  the  Ellis-Jones  method.  Bruce  and  Denley  (7) 
found  a  diene  value  of  19.7  for  commercial  castor  oil  with  the 
Ellis-Jones  method. 

An  imperfection  in  dienometry  was  disclosed  when  Mc¬ 
Kinney  and  Jamieson  (18)  were  unable  to  obtain  theoretical 
maleic  anhydride  addition  with  alpha-  and  beta-eleostearic 
acid  and  the  alpha-triglyceride.  These  findings  were  largely 
confirmed  by  Norris,  Kass,  and  Burr  (24),  who  reported  the 
addition  of  eleostearic  acid  to  be  only  in  the  neighborhood  of 
85  per  cent  of  the  theoretical.  Certain  isomers  of  eleo¬ 
stearic  acid  are  said  to  be  unable  to  add  maleic  anhydride 
although  they  contain  the  conjugated  structure  (18). 

Such  observations  have  not  diminished  the  usefulness  of 
the  maleic  anhydride  addition  methods,  which  are  frequently 
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employed  in  industrial  analysis.  It  is 
evident,  however,  notwithstanding  the 
increasing  use  which  is  being  made 
of  spectroscopic  methods  for  determin¬ 
ing  conjugation,  that  an  independent 
method  based  on  differential  halogen 
absorption  is  desirable. 


Quantitative  Relationship 

When  Toms  (30)  in  1928  calculated  the 
percentage  of  alpha-eleostearic  triglycer¬ 
ide  in  tung  oil  from  the  formula 


Table  I.  Partial  Iodine  Values  of  9,11-  and  10,12-Octadecadienoic  Acids 


Partial 
I.  V., 


Sample 

Wijs 

1.  V. 

Theo¬ 

W  eight 

Solution 

CHCls 

Time 

Excess 

Found 

retical 

Material 

Gram 

Ml. 

Ml. 

Min. 

% 

0.1218 

12 

10 

2 

163 

92.2 

90.5 

9,11-acid 

0.1887 

20 

10 

2 

173 

95.2 

90.5 

9, 11 -acid 

0.3232 

32 

10 

2 

159 

93.8 

90.5 

9,11 -acid 

0.1832 

24 

10 

0.5 

239 

94.7 

90.5 

9, 11 -acid 

0.2994 

20 

20 

2 

80 

91.5 

90.5 

9,11 -acid 

0.2856 

16 

16 

2 

52 

90.8 

90.5 

9,11-acid 

0.1396 

8 

8 

2 

60 

89.9 

90.5 

10,12-acid 

0.2023 

11 

11 

2 

52 

89.8 

90.5 

10,12-acid 

(?  -  v) 


100 

87.7 


,  where  q  and  p  are  the  total  and  partial  iodine 


values,  he  unwittingly  introduced  the  concept  of  diene  value, 
although  this  term  was  suggested  only  8  years  later  by  Kauf- 
mann  and  Baltes  (15).  The  number  87.7,  which  he  cal¬ 
culated  as  the  difference  between  the  iodine  values  for  the 
addition  of  18  and  12  atoms  of  iodine,  respectively,  to  the 
triglyceride  is  actually  the  diene  value  according  to  the  later 
definition,  which  was  based  on  the  consideration,  that  for 
each  molecule  of  maleic  anhydride  added  one  double  bond 
less  than  originally  present  remains.  The  relationship,  total 
iodine  value  minus  partial  iodine  value  equals  diene  value,  is 
a  general  one,  if  partial  iodine  value  is  understood  to  repre¬ 
sent  the  value  obtained  when  all  nonconjugated  double 
bonds,  one  half  of  all  conjugated  double  bonds  occurring  in 
pairs,  and  two-thirds  of  all  conjugated  double  bonds  occurring 
in  triplets,  have  added  iodine.  That  this  is  necessarily  so 
may  be  shown  as  follows : 


Let  a  mixture  contain  x  per  cent  of  nonconjugated  substances 
with  an  iodine  value  of  X,  y  per  cent  of  substances  having  a  pair 
of  conjugated  double  bonds  with  a  true  or  total  iodine  value  of 
Y,  and  z  per  cent  of  substances  having  three  conjugated  double 
bonds  with  a  total  iodine  value  of  Z.  Each  of  the  three  portions 
may  in  itself  be  a  mixture  of  various  constituents,  in  which  case 
X,  Y,  and  Z  represent  the  average  iodine  values  of  each  portion. 
The  total  iodine  value  of  the  mixture  is  then 


L  v-r  =  M(xX  +  yV  +  zZ) 

its  partial  iodine  value  by  the  above  definition: 

L  v-p  =  m(xX  +  l/iyY  +  2/*zZ) 

and  its  diene  value: 

D-v-  =  m (1/iyY  +  1/>zZ) 

The  difference,  total  minus  partial  iodine  value,  is  then: 

(xX  -xX  +  yY-  V, yY  +  zZ  -  >/3zZ)  =  ^  0/2yY  +  y*Z) 

which  equals  the  expression  for  the  diene  value. 


Application  to  Dienometry 

In  order  to  use  this  relationship  for  the  determination  of 
the  diene  value  of  a  substance  it  is  necessary  to  select  ade¬ 
quate  methods  for  the  determination  of  the  two  iodine  values, 
total  and  partial. 

Total  Iodine  Value.  There  exists,  to  the  authors’ 
knowledge,  no  halogen  absorption  method  that  can  claim  the 
accuracy  and  universality  of  properly  conducted  quantitative 
hydrogenation  procedures.  However,  these  require  time- 
consuming  preparations  and  a  complicated  apparatus  which 
is  not  ordinarily  available  in  the  average  industrial  laboratory. 


The  Woburn  iodine  absorption  method  (22),  on  the  other 
hand,  has  all  the  required  simplicity  and  speed  at  only  a 
slight  sacrifice  in  accuracy.  It  fulfills  the  necessary  pre¬ 
requisite  of  measuring  the  total  unsaturation  for  both  con¬ 
jugated  and  nonconjugated  substances,  which  is  not  possible 
with  the  conventional  absorption  methods. 

The  difficulty  in  its  application  to  substances  of  mixed  un¬ 
saturation  lies  in  the  fact  that  threefold  conjugation,  as  in 
eleostearic  acid,  is  best  measured  with  the  0.40  N  solution 
at  0°  C.,  while  9,11-linoleic  acid  gives  somewhat  high  results 
under  these  conditions  and  is  better  characterized  by  0.32  N 
iodine  bromide  solution  under  otherwise  similar  conditions. 
If  the  0.32  N  solution  was  used  for  1  hour  at  20°  C.,  however 
(method  A),  fair  agreement  with  theoretical  values  was  ob¬ 
tained  in  either  case,  and  this  modification,  therefore,  shows 
promise  for  total  iodine  value  determination  when  systems 
with  both  two  and  three  conjugated  double  bonds  are  present. 
If  either  double  or  triple  conjugated  systems  are  known  to 
predominate,  the  accuracy  may  be  improved  by  modifying 
the  conditions  slightly,  according  to  the  findings  of  the 
previous  investigation. 

Partial  Iodine  Value.  This  value  in  the  past,  has  re¬ 
ceived  attention  only  in  the  case  of  tung  oil  (12) .  The  ordinary 
Wijs  iodine  value  was  considered  to  represent  this  stage 
adequately,  where  two  out  of  three  double  bonds  in  eleo¬ 
stearic  acid  had  been  saturated  with  halogen,  until  Bolton 
and  Williams  (6)  extrapolated  a  time  series  of  Wijs  numbers 
of  tung  oil  and  obtained  its  true  partial  or  instantaneous 
iodine  value.  A  simpler  procedure,  requiring  one  2-minute 
determination  in  an  ice  bath  instead  of  two  exposures  of  0.5 
and  3  hours,  respectively,  was  suggested  by  one  of  the  authors 
(21)  and  shown  to  give  the  theoretical  two-thirds  addition  for 
alpha-eleostearic  acid.  If  this  method  is  to  be  used  in  the 
determination  of  the  diene  value  it  must  be  adapted  to  sys¬ 
tems  of  two  conjugated  double  bonds  as  well. 

The  best-known  example  of  a  fatty  acid  containing  a  system 
of  two  conjugated  double  bonds  is  Mangold’s  9,11-linoleic  acid, 
formed  by  the  dry  distillation  of  ricin-elaidic  acid  (19).  After 
repeated  recrystallizations  from  petroleum  ether,  samples  of 
this  acid  (m.  p.  53.  5-54°  C.)  were  subjected  to  the  modified  Wijs 
method  in  ice,  as  previously  suggested  for  tung  oil  (21).  The 
values  obtained  (Table  I)  are  close  to  the  theoretical  partial 
iodine  value,  but  from  2  to  5  points  higher.  It  is  evident  that 
the  addition  of  halogen  to  the  second  double  bond  proceeds  easier 
than  the  corresponding  addition  to  the  third  double  bond  in 
eleostearic  acid. 

In  order  to  provide  for  somewhat  milder  conditions,  a  smaller 
excess  of  Wijs  solution  was  employed,  and  instead  of  using  10 
ml.  of  chloroform  as  solvent  for  the  sample  with  25  ml.  of  Wijs 
solution,  an  equal  volume  of  chloroform  and  Wijs  solution  was 
employed.  The  resulting  values  agreed  with  theory  within  one 
unit  (Table  I,  lines  5-6). 

A  new  solid  conjugated  isomer  of  linoleic  acid  was  found  in 
the  fatty  acids  resulting  when  dehydrated  castor  oil  (Isoline, 
unbodied)  was  isomerized,  using  a  commercial  process  for  shifting 
isolated  double  bonds  into  the  conjugated  position  (31).  Dis¬ 
ruptive  oxidation  showed  that  this  new  acid,  melting  at  57°  C., 
which  is  not  identical  with  Mangold’s  acid,  is  10,12-octadeca- 
dienoic  acid  (20). 
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Table  II.  Iodine  Numbers 


Fatty  Acid 

Wijs 

Iodine  No. 
(0.5  Hr.) 

Woburn  Iodine  No. 
Method  A  Method  D 
(0.32  V)  (0.4  V) 

Partial 
Iodine  No. 

%  Excess 
Short  Wijs 
Iodine  No. 

Woburn 
Diene  No. 

Linseed,  split 

189.0 

185.7  189. 5" 

190.6 

268 

-4.9  or  -1.1 

Sunflower,  distilled 

132.0 

133.5  _ 

132.0 

237 

1.5 

Soybean,  split 

146.5 

143.7  _ 

145.7 

229 

-2.0 

0  Method  D  was  used  on  linseed  fatty  acids  because  lower  iodine  values  were  found  with  method  A. 

After  repeated  recrystallizations  from  petroleum  ether,  ethyl 
ether,  and  ethyl  alcohol,  the  new  acid,  which  was  handled  in  an 
atmosphere  of  carbon  dioxide  to  prevent  oxidation,  gave  almost 
theoretical  partial  iodine  values  when  analyzed  according  to  the 
procedure  found  most  suitable  for  Mangold’s  acid  (Table  I, 
lines  7-8). 

In  analyzing  mixtures  of  fatty  acids  containing  both  types 
of  conjugation — i.  e.,  double  and  triple — it  must  be  borne  in 
mind  that  the  conditions  giving  the  most  accurate  results  are 
not  identical  in  the  two  cases.  That  it  is  possible,  however, 
to  obtain  almost  theoretical  partial  iodine  values  with  blends 
containing  both  types  of  conjugation  is  seen  by  comparing 
Tables  III  and  IV.  In  determining  the  partial  iodine  value 
of  such  blends  it  is  preferable  to  keep  the  excess  of  reagent 
between  200  and  250  per  cent  and  follow  the  procedure  used 
with  tung  oil.  This  is  necessary  in  the  presence  of  linolenic 
acid,  which  otherwise  is  not  completely  saturated,  owing  to 
the  somewhat  retarded  addition  of  halogen  to  this  non- 
con  jugated  acid. 

Previously,  it  had  been  thought  that  the  partial  iodine 
number  gave  low  results  with  nonconjugated  oils  and  fatty 
acids,  particularly  those  containing  linolenic  acid,  because 
not  enough  time  elapsed  for  the  halogen  to  add  completely  to 
the  last  isolated  double  bond.  However,  the  iodine  values 
given  in  Table  II  for  some  fatty  acids  indicate  that  the  partial 
iodine  method  may  be  used  to  determine  the  total  unsatura¬ 
tion  of  nonconjugated  fatty  acids,  including  linseed  fatty 
acids,  if  the  excess  of  the  reagent  is  200  to  250  per  cent.  It 
may  also  serve  as  a  method  of  control  in  isomerizing  fatty 
acids  to  their  conjugated  form. 

The  determination  of  total  iodine  values  was  as  follows: 

Method  A,  0.32  N  IBr,  1  hour  at  20°  C.  Method  B,  0.40 
N  IBr,  3  hours  at  0°  C.  Method  C,  0.32  N  IBr,  3  hours  at  0°  C. 
Method  D,  0.40  N  IBr,  1  hour  at  20°  C.  The  partial  iodine 
values  were  determined  in  thin-walled  Erlenmeyer  flasks  in  the 
ice  bath  as  previously  described  {21), 
following  the  details  originally  suggested 
for  tung  oil — i.  e.,  200  to  250  per  cent 
excess  of  Wijs  solution  (25  ml.),  10  ml.  of 
chloroform,  and  2  minutes,  unless  other¬ 
wise  stated. 


Blend  C.  35.71%  beta-eleostearic  acid 
34.25%  10,12-octadecadi- 
enoic  acid 

30.04%  linseed  fatty  acids 
(I.  V.  =  179.3) 

The  diene  values  obtained  for  beta- 
eleostearic  acid  were  89.7  and  90.8, 
depending  on  details  followed  in  the 
determination  of  the  total  unsatura¬ 
tion.  The  latter  value,  which  is 
based  on  method  B,  agrees  well  with  the  calculated  value. 
This  method,  which  had  previously  been  recommended  for 
tung  and  oiticica  oils  {22,  page  788)  was  employed  for  cal¬ 
culating  the  diene  value  of  two  of  the  tung  oil  samples  pre¬ 
viously  described  {22,  page  786).  The  resulting  values  agree 
well  with  the  corresponding  Ellis-Jones  maleic  anhydride 
diene  values.  The  iodine  value  of  224.2  for  sample  4,  which 
coincides  with  the  break  in  the  curve  for  varying  excess  {22, 
page  787),  gives  a  diene  value  somewhat  lower  than  those  by 
either  of  the  conventional  methods. 


Table  III.  Calculated  Values  of  Blends 

Total  Iodine 

Partial  Iodine 

Diene 

Blend 

Value 

Value 

Value 

A 

160.0 

114.7 

45.3 

B 

155.2 

121.7 

33.4 

C 

213.5 

150.0 

63.6 

With  oiticica  oil  the  use  of  the  ice  bath  (method  B)  is  es¬ 
pecially  necessary  because  of  the  known  influence  of  the  keto 
group  in  licanic  acid  on  iodine  value  determinations  at 
ordinary  temperatures.  While  conventional  iodine  absorp¬ 
tion  procedures  fail  entirely  with  this  oil  {11),  both  the  total 
and  partial  iodine  values  determined  with  the  methods  here 
described  gave  reproducible  results  and  the  differential  diene 
value  lay  between  the  Ellis-Jones  and  the  Kaufmann-Baltes 
values. 

While  9,11-linoleic  acid  gave  satisfactory  results,  the 
differential  diene  value  of  the  new  10,12-linoleic  acid  was 
several  points  too  high.  The  methyl  ester  of  this  acid,  how¬ 
ever,  gave  practically  theoretical  diene  values.  Blend  B, 
which  contained  the  new  acid  as  the  principal  conjugated 
constituent,  also  gave  a  somewhat  high  differential  diene 


Table  IV.  Comparison  of  Differential  Iodine  Absorption  and  Diene  Values 


Diene  Values.  These  were  de¬ 
termined  by  subtracting  partial  iodine 
values  from  the  total  (Woburn)  values 
and  compared  to  theoretical  figures 
and,  in  some  cases,  to  conventional 
(maleic  anhydride)  diene  determina¬ 
tions  (Table  III). 

The  blends  analyzed  (Tables  III 
and  IV)  were  made  up  as  follows: 

Blend  A.  50.0%  9,11-octadecadienoic 
acid 

50%  soybean  fatty  acids 
(I.  V.  =  138.8) 

Blend  B.  5.505%  beta-eleostearic  acid 

31.40%  10,12-octadecadi- 
enoic  acid 

63.095%  sunflower  fatty 
acids  (I.  V.  =  132.0) 


Substance 

Beta-eleostearic 

acid 

Tung  oil  4“ 

Tung  oil  5“ 

Oiticica  oil,  sam¬ 
ple  1 

Oiticica  oil,  sam¬ 
ple  2 

9,11-Linoleic  acid 

10,12  -  Linoleic 
acid 

10, 12-Methyl  lino- 
ieate 

Blend  A 

Biend  B 

Blend  C 

Castor  fatty  acid 

Walnut  oil 


Woburn 
Iodine  Value 

272.7  (A) 

273.8  (B) 
226.6  (B) 
224. 2  i> 
227.1  (B) 


203.9  (B) 


201.6  (B) 

183.3  (A) 

186.7  (A) 

173.4  (A) 
160.6  (A) 

161.8  (A) 
157.34 
213.0  (A) 

89.3  (A) 

157.4  (A) 


Partial 

Iodine 

Value 

183.0 

160.5 

159.5 


139.7 


138.3 
91. 2  = 

89.9  = 

86.4  = 
113.3= 

124.1 

149  i  1 
87.0 

156.1 


Diene 
Value  by 
Difference 

89.7 

90.8 
66.1 
63.7 
67.6 


64.2 


63  3 

92.1 

96.8 

87.0 

47.3 

37.7 

33.2 

63.9 

2.3 

1.3 


Maleic  Anhy¬ 
dride  Diene 
Value 


75.0  (KB) 
66.2  (EJ) 
73.5  (KB) 
69.1  (EJ) 


Theoreti¬ 
cal  Diene 
Value 

91.2 


71.4 

59.5 


(KB) 

(EJ) 


60.3  (EJ) 


90.5 

90.5 

86.2 

45.3 

33.4 

63!  6 


a  Samples  described  in  {22). 

6  From  excess  vs.  iodine  value  curve  in  previous  paper  (22) . 

=  50  to  80%  excess  reagent;  volumes  of  Wijs  solution  and  chloroform  equal. 
4  390%  excess  of  reagent. 
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Table  V.  Comparison  of  Diene  Values  for  Commercial  Products  and  Samples 


Substance 

Conjulin  F.  A.  f>,  sample  1 
Conjulin  F.  A.,  sample  2 
Conjulin  F.  A.,  sample  3, 
distilled 

Conjusoy  F.  A.  6 
Conjusoy  F.  A.,  distilled 


Diene  Value 

Woburn  Iodine 

Partial 

by 

Maleic  Anhydride 

Value  “ 

Iodine  Value 

Difference 

Diene  Value 

190.4  (D) 

117.5 

72.9 

18.0 

(EJT) 

178.7  (D) 

116.2 

62.5 

24.7 

(EJ) 

186.0  (D) 
136.7 

131.9 

54.1 

94.4 

42.3 

14.1 

(EJ) 

137.1 

95.4 

41.7 

8.8 

(KB) 

10.5 

(EJ) 

155.1 

122.2 

32.9 

18.4 

(KB) 

155.3 

118.2 

37.1 

13.5 

(KB) 

163.9 

130.0 

33.9 

22.8 

(EJ) 

165.4 

101.2 

64.2 

39.2 

(EJ) 

159.6 

96.5 

63.1 

182.4  (B) 

121.9 

60.5 

42.1 

(EJ) 

Dehydrated  castor  oil, 
sample  1 

Dehydrated  castor  oil, 
sample  2 

Dehydrated  castor  fatty 
aoid,  distilled 
Isomerized  isolinec  fatty 
acids 

Isomerized  walnut  fatty 
acids 

Heat-treated  oiticica  oil4 

°  Method  A,  except  when  otherwise  indicated. 

b  Conjulin  F.  A.  and  Conjusoy  F.  A.  are  trade  names  for  isomerized  linseed  and  soybean  fatty  acids, 
respectively. 

e  Isoline  is  the  trade  name  for  dehydrated  castor  oil  as  manufactured  by  Woburn  Degreasing  Com¬ 
pany  of  N.  J. 

d  This  sample,  known  in  the  trade  as  Cieoil,  was  obtained  through  the  courtesy  of  the  Brazil  Oiticica 
Company.  Its  viscosity  was  21  poises. 


value,  except  when  a  smaller  excess  of  reagent  than  usual  was 
employed  in  the  Woburn  iodine  value  determination. 

Summing  up  the  data  presented  in  Table  IV,  in  most  cases 
the  observed  values  are  in  good  agreement  with  theory.  The 
diene  value  determination  by  differential  halogen  absorption, 
in  its  present  form,  may  therefore  be  accepted  as  a  simple  and 
rapid  method  for  obtaining  a  good  quantitative  estimate  of 
conjugation  in  fatty  acids  and  esters.  Certain  limitations  in 
the  scope  of  applicability  are  discussed  below. 

Limitations 

There  are  certain  compounds,  other  than  those  containing 
conjugated  double  bonds,  which  behave  abnormally  with 
halogenating  reagents.  They,  too,  add  variable  amounts  of 
halogen,  depending  on  the  length  of  contact,  excess  of  re¬ 
agents,  kind  of  reagent  used,  and  other  secondary  factors. 


values,  regardless  of  the  presence  of 
conjugated  double  bonds.  Their 
method  will,  therefore,  not  be  applica¬ 
ble  to  bodied  oils.  This  may  be  due 
not  only  to  substitution,  as  observed 
by  Kino  (16),  but  to  sterically  hin¬ 
dered  double  bonds  remaining  in  cyclic 
polymers  as  well.  Other  types  of  in¬ 
active  bonds  might  also  result  in  an 
apparent  diene  value  and  this  factor 
must  be  considered  whenever  sub¬ 
stances  of  unknown  or  doubtful  com¬ 
position  are  tested  by  the  new  method. 

Listed  in  Table  V  are  the  constants 
of  a  number  of  substances  for  which 
the  Woburn  diene  value  differs 
markedly  from  the  diene  values  ob¬ 
tained  by  other  methods,  the  differ¬ 
ence  being  definitely  larger  than  any 
experimental  errors  previously  ob- 
served.  The  isomerized  fatty  acids 
listed  in  this  table  have  been  made 
semicommercially  by  treatment  with 
aqueous  alkali  (patents  pending),  designed  to  cause  the 
shifting  of  double  bonds  from  the  isolated  to  conjugated 
position  (81).  The  two  dehydrated  castor  oils  were  unbodied 
samples  having  viscosities  of  F-G  (Isoline,  raw)  and  G-H  in 
the  order  listed. 

In  all  these  oils  or  fatty  acids  the  diene  value  by  difference 
is  considerably  larger  than  the  conventional  maleic  anhydride 
values.  The  question  naturally  arises  whether  this  dis¬ 
agreement  is  due  to  the  presence  of  some  of  the  above  dis¬ 
cussed  inactive  double  bonds  in  the  isomerized  products,  to  a 
failure  of  maleic  anhydride  to  react  with  all  conjugated 
double  bonds  present,  or  to  both  these  causes.  To  decide 
this,  tests  were  made  to  determine  whether  the  extent  of 
maleic  anhydride  addition  could  be  increased. 


Among  such  compounds  van  Loon  (17)  lists  hydroxy  acids, 
oils  with  much  unsaponifiable  matter,  polymerized  oils  or  acids, 
and  6,7-stearolic  acid  containing  an  acetylenic  or  triple  bond. 
With  polymerized  oils  and  esters,  this  behavior  was  also  observed 
by  Steger  and  van  Loon  (29)  and  by  Kjno  (16)  who  traced  the 
increased  iodine  value  of  these  products  upon  prolonged  time  of 
contact  to  substitution.  Morrell  (23)  found  that  the  iodine 
values  of  the  maleic  anhydride-licanic  acid  addition  products 
were  too  high  after  long  treatment  with  Wijs  reagent  and  as¬ 
cribed  it  to  keto-enolization.  Rossmann  (26)  tested  undec- 
ylenic  and  cinnamic  acids  among  compounds  with  sterically 
hindered  or  inactive  bonds  requiring  larger  excess  of  bromine 
vapor  for  complete  saturation. 

It  might  be  thought  that  any  of  these  compounds  would 
give  a  higher  iodine  value  with  the  Woburn  method  than  with 
the  modified  Wijs  procedure  and,  therefore,  show  an  apparent 
diene  value.  However,  it  was  shown  in  the  case  of  castor 
fatty  acids  (Table  IV)  that  the  difference  between  the  two 
iodine  values  was  only  2.3  points.  Even  if  it  is  assumed  that 
this  was  caused  entirely  by  the  hydroxyl  group  of  ricinoleic 
acid  and  that  no  conj  ugated  acid  was  present,  the  error  caused 
by  the  hydroxyl  group  is  small.  The  resulting  differential 
diene  value  is  smaller  than  those  observed  on  castor  oil  with 
either  of  the  methods  using  maleic  anhydride  (1,  7).  The 
values  for  oiticica  oil  (Table  IV)  similarly  show  that  the  keto 
group  does  not  affect  the  differential  halogen  absorption 
values  adversely  if  the  Woburn  iodine  value  is  determined 
at  0°  C.  (method  B). 

On  the  other  hand,  the  authors’  observations  indicate  that 
polymerized  oils  definitely  have  differential  iodine  absorption 


Table  VI.  Diene  Values  with  Maleic  Anhydride  in 
Orthodichlorobenzene 


Substance 

Period  of 
Refluxing 

Diene  Values 

Tung  oil,  sample  5“ 

Hours 

3 

69.1, 69.7 

Conjulin  F.  A.  b 

3 

50.4,  50.8 

Conjusoy  F.  A.  f> 

1 

26.8 

2 

35.4 

3 

40.6,41.9 

18 

44.7, 46.0 

Soybean  fatty  acid  distilled 

1 

3.8 

2 

14.7 

3 

11.9, 16.9 

18 

47.6 

°  Sample  described  in  (22) . 
b  Trade  names. 


Maleic  Anhydride  at  Higher  Temperatures 

The  use  of  higher  boiling  solvents  in  the  refluxing  operation 
of  the  Ellis- Jones  method  suggests  itself  as  a  means  of  pro¬ 
moting  the  addition.  Of  several  solvents  which  were  tried 
for  this  purpose,  o-dichlorohenzene  (technical),  boiling  at 
175°  C.,  appeared  most  promising.  The  details  of  these 
determinations  were  similar  to  those  of  the  Ellis-Jones 
method,  except  that  enough  ether  was  added  before  hydro¬ 
lyzing  to  obtain  a  mixture  floating  on  water,  thus  facilitating 
the  extraction  of  residual  maleic  anhydride  in  the  separatory 
funnel.  Blank  runs  were  made  as  usual  under  identical 
conditions.  They  showed  that  no  appreciable  reaction  took 
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place  between  maleic  anhydride  and  the  solvent  during  the 
refluxing  period. 

Some  diene  values  thus  obtained  are  listed  in  Table  VT. 
The  values  for  tung  oil  are  seen  to  be  identical  with  those 
obtained  in  toluene  solution  in  the  Ellis-Jones  procedure 
(compare  Table  IV).  All  values  obtained  on  conjugated  soy¬ 
bean  and  linseed  fatty  acids,  on  the  other  hand,  were  much 
higher  than  the  figures  obtained  with  the  Ellis-Jones  or  the 
Kaufmann-Baltes  methods  (compare  Table  V).  With  Con- 
jusoy  fatty  acids  the  3-hour  values  equaled  the  differential 
iodine  absorption  values,  but  with  Conjulin  fatty  acids  they 
were  somewhat  lower. 

Quantitative  conclusions  which  might  be  drawn  from  these 
maleic  anhydride  diene  values  at  higher  temperature  are  made 
difficult,  however,  by  the  fact  that  ordinary  distilled  soybean 
fatty  acid,  when  similarly  treated  in  o-dichlorobenzene  solu¬ 
tion,  also  led  to  substantial  diene  values.  The  values  ob¬ 
tained,  with  both  conjugated  and  nonconjugated  fatty  acids, 
depended  on  the  length  of  refluxing,  suggesting  that  a  re¬ 
arrangement  of  the  double  bonds  into  the  conj  ugated  position 
takes  place  during  the  determination.  [The  reaction  of 
maleic  anhydride  with  nonconjugated  fatty  acid  esters  at 
200°  to  250°  C.  has  been  studied  thoroughly  by  Bickford 
et  al.  (2).] 

For  short  refluxing  periods  the  addition  values  of  the  isom- 
erized  fatty  acids  are  much  larger  than  those  of  the  unisom- 
erized,  distilled  fatty  acids,  and  the  difference  between  the 
two  corresponding  values  is  larger  than  the  conventional  diene 
values  for  the  conjugated  fatty  acids.  It  follows,  therefore, 
that  the  amount  of  conjugation  originally  present  is  larger 
than  would  be  indicated  by  the  conventional  diene  value. 
The  1-hour  values  listed  show,  for  example,  that  the  true 
diene  value  of  the  Conjusoy  sample  is  certainly  not  below  23 — 
i.  e.,  26.8  —  3.8 — although  it  may  be  higher.  The  value  of 
14,  obtained  with  the  Ellis-Jones  method  on  the  same  sample 
(Table  V)  was,  therefore,  due  to  incomplete  addition.  Simi¬ 
lar  conclusions  must  be  drawn  concerning  the  Kaufmann- 
Baltes  method,  since  both  methods  gave  comparable  results 
with  the  conjugated  products. 

Further  evidence  that  the  conventional  methods  yield  in¬ 
complete  diene  values  with  these  products  is  seen  in  a  com¬ 
parison  with  spectroscopic  data.  (The  spectroscopic  deter¬ 
minations  are  taken  from  a  private  communication  by 
Bradley  and  Richardson,  whose  courtesy  in  permitting  its 
use  is  gratefully  acknowledged.)  The  spectroscopically 
calculated  diene  values  of  the  samples  of  Conjulin  and  Con¬ 
jusoy  fatty  acids,  listed  in  Table  V,  were  36.9  and  29.8, 
respectively.  Assuming  these  values  to  be  correct,  the  con¬ 
ventional  diene  values  would  indicate  only  about  one  half 
of  the  conjugated  double  bonds  present  in  these  products. 
The  Woburn  diene  values,  on  the  other  hand,  would  be  too 
high. 

Summary 

The  quantitative  relationship,  total  iodine  value  —  partial 
iodine  value  =  diene  value,  can  form  the  basis  for  determin¬ 
ing  the  diene  value  of  fatty  acids  and  oils. 

The  Woburn  iodine  method,  which  makes  use  of  iodine 
bromide  solutions  1.6  to  2  times  the  concentration  of  Hanus’ 
solution,  may  serve  to  determine  total  iodine  values. 

The  partial  iodine  values  may  be  determined  with  Wijs 
solution,  by  limiting  the  time  of  contact  to  2  minutes  at 
ice-bath  temperature.  This  procedure  is  almost  similar  to 
one  previously  evolved  for  tung  oil.  Theoretical  partial 
iodine  values  are  obtained  for  Mangold  acid  and  for  a  new 
solid  conjugated  isomer  of  linoleic  acid — i.  e.,  10,12-octa- 
decadienoic  acid — showing  that  this  method  is  applicable  to 
conjugated  dienes.  The  modified  Wijs  procedure  can  be 


used  to  determine  total  unsaturation  in  nonconjugated  fatty 
acids,  by  using  the  correct  excess  of  reagent. 

The  diene  values  obtained  by  differential  iodine  absorption 
for  tung  oil  and  oiticica  oil  compare  well  with  maleic  anhy¬ 
dride  diene  values.  The  total  and  partial  iodine  values  of 
oiticica  oil  are  reproducible  in  spite  of  the  inapplicability  of 
other  iodine  absorption  procedures  to  this  oil.  With  pure 
conjugated  fatty  acids  and  esters,  the  differential  diene  values, 
in  general,  are  in  good  agreement  with  calculated  values. 

The  new  method  is  not  applicable  in  the  presence  of  poly¬ 
merized  oil  and  certain  types  of  unsaturation,  which  may 
cause  differential  iodine  absorption  due  to  steric  hindrance. 

Certain  commercial  fatty  acids  and  oils  of  the  conjugated 
type  have  differential  diene  values  much  higher  than  their 
maleic  anhydride  addition  values,  determined  by  standard 
methods. 

Maleic  anhydride  does  not  react  completely  with  the  con¬ 
jugated  double  bonds  present  in  these  manufactured  products 
at  the  temperature  used  in  the  standard  diene  methods. 

A  slow  reaction  takes  place  between  maleic  anhydride  and 
nonconjugated  fatty  acid  in  o-dichlorobenzene  and  the 
amount  of  anhydride  added  after  18  hours  equals  that  added 
to  the  corresponding  conjugated  fatty  acid. 
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Analytical  Data  for  the  Systems  Carbon 
Tetrachloride-Acetic  Acid-Benzene  and 
Carbon  T etrachloride-T etrachloroethylene 

WILLIAM  R.  MCMILLAN1,  AND  HUGH  J.  MCDONALD 
Illinois  Institute  of  Technology,  Chicago,  Ill. 


XN  THE  course  of  investigations  on  the  ternary  system 
benzene-carbon  tetrachloride-acetic  acid  and  the  binary 
system  carbon  tetrachloride-tetrachloroethylene,  it  was 
found  necessary  to  have  methods  of  analysis  for  each  system. 
Two  methods  were  developed  for  the  ternary  system  and  the 
analytical  data  obtained  for  the  binary  system. 

The  carbon  tetrachloride,  benzene,  and  tetrachloroethylene 
were  of  the  best  grade  obtainable  from  the  Eastman  Kodak 
Company.  The  acetic  acid  used  was  Baker’s  Analyzed  material. 
As  a  check  on  purity,  the  carbon  tetrachloride  and  tetrachloro¬ 
ethylene  were  redistilled.  The  boiling  range  of  the  carbon  tetra¬ 
chloride  was  found  to  be  0.3°  C.  and  that  of  the  tetrachloro¬ 
ethylene,  2°  C.  The  middle  portion  of  the  latter  compound  was 
used.  The  refractive  indexes  of  the  solvents  are  given  in  Table  I. 


Table  II.  Benzene  and  Caebon  Tetrachloride 


Benzene,  Weight  %  Refractive  Index  at  25°  C. 


0 

1.4549 

10 

1.4626 

20 

1.4693 

30 

1.4744 

40 

1 . 4793 

50 

1.4837 

60 

1.4873 

70 

1.4906 

80 

1.4936 

90 

1.4961 

100 

1.4985 

The  results  from  the  sample  having  refractive  index  1.4750 
are  given  below  as  representative  of  the  group : 


Table  I. 

Refractive  Indexes 

Sample 

Refractive  Index 

Experimental 

Literature  (2) 

(a) 

(5) 

1.4750 

1.4749 

Benzene 

1.4985  at  25°  C. 

1.5017  at  20°  C. 

(e) 

1.4749 

Carbon  tetrachloride 

1.4549  at  25°  C. 

1.4630  at  20°  C. 

(d) 

1.4751 

Acetic  acid 

1.3706  at  25°  C. 

1.3715  at  22.9°  C. 

(e) 

1.4750 

Tetrachloroethylene 

1.4993  at  25°  C. 

1.5055  at  20°  C. 

-  -  ■■■  It  may  be  concluded  that  solubility  effects  are  not  great 

enough  to  change  seriously  the  refractive  index  of  mixtures  of 
Procedure  and  Results  benzene  and  carbon  tetrachloride. 


In  the  first  method  of  analysis  for  the  ternary  system,  the  sam¬ 
ple  was  weighed,  and  the  acid  determined  volumetrically  with 
standardized  sodium  hydroxide  solution.  Thymol  blue  was  used 
as  the  indicator.  Phenolphthalein  as  ordinarily  prepared  in 
alcoholic  solution  could  not  be  used  because  the  alcohol  changes 
the  refractive  index  of  the  benzene-carbon  tetrachloride  layer. 
However,  thymol  blue  made  up  in  a  basic  aqueous  solution  ( 1 ) 
proved  satisfactory.  The  layer  or  phase  containing  benzene  and 
carbon  tetrachloride  appears  as  the  titration  is  carried  out.  The 
other  layer  consists  of  water,  sodium  acetate,  thymol  blue,  and 
excess  sodium  hydroxide.  The  two  layers  were  separated  in  a  cen¬ 
trifuge,  and  the  refractive  index  of  the  benzene-carbon  tetra¬ 
chloride  layer  was  determined  in  an  Abbe  refractometer,  which 
was  held  at  25.0°  ±  0.1°  C.  The  index  of  refraction  was  then 
compared  with  a  standard  curve  (Figure  1)  that  represented  the 
refractive  indexes  of  synthetic  mixtures  of  benzene  and  carbon 
tetrachloride  plotted  against  the  per  cent  by  weight.  These 
synthetic  mixtures  were  made  up  by  volume  at  the  10  per  cent 
divisions.  Corrections  were  made  for  the  densities  of  the  liquids 
at  room  temperature.  The  values  for  the  refractive  indexes  at 
25  °  are  given  in  Table  II. 

That  the  method  of  analysis  is  capable  of  sufficient  pre¬ 
cision  to  be  useful  was  demonstrated  by  the  following  experi¬ 
ments. 

Five  mixtures  of  carbon  tetrachloride  and  benzene  covering 
the  whole  range  of  the  solution  (refractive  indexes  1.4642,  1.4750,’ 
1.4816,  1.4918,  and  1.4963)  were  made  up  and  (a)  the  refrac¬ 
tive  indexes  of  the  solutions  were  determined.  Then  equal 
quantities  of  the  solutions  were  mixed  with  ( b )  water,  (c)  water 
and  sodium  acetate  solution,  (d)  water  and  sodium  hydroxide, 
and  finally  (e)  indicator  solution.  The  last  four  mixtures,  in  each 
case,  were  shaken  thoroughly  and  then  allowed  to  stand  for  0.5 
hour.  Finally  they  were  centrifuged  for  about  2  minutes  and  the 
refractive  index  of  the  carbon  tetrachloride-benzene  layer  was 
redetermined.  It  was  found  that  the  values  had  not  changed 
by  more  than  ±0.0005  in  any  sample. 


1  Present  address,  Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


A  preliminary  run  on  the  analysis  of  the  mixture  was  per¬ 
formed.  Three  milliliters  of  acetic  acid  in  water  required  77.42 
ml.  of  sodium  hydroxide  solution  (27  grams  of  sodium  hydroxide 
per  liter)  for  neutralization;  1  ml.  of  acetic  acid  in  6  ml.  of  the 
sample  of  carbon  tetrachloride  and  benzene  whose  refractive 
index  is  given  above,  required  26.00  ml.  of  sodium  hydroxide  solu¬ 
tion  for  neutralization.  This  is  a  check  within  1  per  cent.  The 
layer  of  carbon  tetrachloride  and  benzene  was  separated  and 
found  to  have  a  refractive  index  of  1.4754,  which  is  in  good  agree¬ 
ment  with  the  previous  values.  Three  solutions  containing  ben¬ 
zene,  carbon  tetrachloride,  and  acetic  acid  were  then  made  up 


WT  %  C6H(, 

Figure  1.  Refractive  Index  of  System  Ben¬ 
zene-Carbon  Tetrachloride  at  25°  C. 
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Figure  2.  Lines  of  Constant  Refractive 
Index  for  Ternary  System  at  25  °  C. 


Figure  3.  Lines  of  Constant  Density  for 
Ternary  System 


accurately  at  approximately  the  following  concentrations,  ex¬ 
pressed  in  per  cent  by  weight: 


Benzene 

Carbon  Tetrachloride 

Acetic  Acid 

10 

10 

80 

80 

10 

10 

10 

80 

10 

containing  other  water-soluble  acids  might  be  analyzed  in  a 
similar  way. 

In  later  work  the  analysis  of  the  ternary  system  was  based 
on  the  measurement  of  the  density  and  refractive  index. 

Representative  mixtures  were  made  up  covering  the  three-com¬ 
ponent  diagram  and  their  refractive  indexes  were  determined  at 
25.0°  ±  0.1°  C.  The  densities  were  determined  by  the  “loss  of 
weight  principle”.  A  drop  of  Pyrex  brand  glass  was  suspended 
in  the  liquids  by  means  of  a  fine  tungsten  wire.  Rigid  tempera¬ 
ture  control  over  the  mixtures  was  not  necessary  because  the 
change  of  density  with  change  of  composition  was  so  great.  The 
densities  were  measured  at  27°  ±  0.5°  C.  Sixteen  and  fifteen 
samples  were  used  to  construct  the  ternary  density  and  refractive 
index  diagrams,  respectively.  In  transposing  the  refractive  index 
data  to  the  ternary  diagram,  six  graphs  were  made,  one  along 
each  0  per  cent  line  and  one  along  each  25  per  cent  line  (total  of 
6),  plotting  refractive  index  against  per  cent  by  weight.  It  was 
then  decided  what  intervals  would  be  useful  to  plot.  For  re¬ 
fractive  index,  the  0.01  intervals  were  marked  on  the  six  graphs — 
that  is,  1.40,  1.41,  1.42,  etc.  These  values  were  then  marked 
on  the  ternary  diagram  at  the  appropriate  compositions.  A  line 
was  drawn  through  all  points  representing  the  same  value  of  re¬ 
fractive  index  (Figure  2).  The  same  procedure  was  followed  in 
transposing  the  experimental  density  data  to  the  ternary  graph 
(Figure  3). 

The  experimental  refractive  index  and  density  data  are  pre¬ 
sented  in  Tables  III  and  IV,  respectively. 

The  analysis  of  the  binary  mixture,  carbon  tetrachloride- 
tetrachloroethylene,  was  most  conveniently  done  by  refrac¬ 
tive  index.  Solutions  were  made  up  accurately  by  weight  at 


Table  III.  Refractive  Indexes  of  Ternary  Mixtures 


Acetic  Acid, 

Benzene,  Weight  % 

Weight  % 

0 

25 

50 

100 

1.3706 

75 

1.3851 

Lion 

50 

1.3991 

1.4184 

1 ! 4330 

25 

1.4229 

1.4425 

1.4555  ] 

0 

1 . 4549 

1.4724 

1.4837  1 

100 


1 .4985 


Table  IV.  Densities  of  Ternary  Mixtures 


Acetic 

Acid, 

Weight 

% 


0  20 


Benzene,  Weight  % 

25  50  70  75 


80  100 


100 

75 

50 

25 

0 


1.0304  _ 

1.1287  _ 

1.2410  _ 

1.3825  - 

1.5866  1.3533 


0.9846  _ 

1.0603  0.9314 
1.1675  1.0102 
_  1 . 1234 


0091 


8966 


9507  0 


8734 


\  The  corresponding  percentages,  as  determined  by  the 
method  of  analysis  outlined  above,  were  in  all  cases  within  1 
per  cent. 


A  more  rigorous  experiment  was  then  performed.  Twelv e  solu¬ 
tions  were  made  up,  each  with  5  ml.  of  water,  1  ml.  of  acetic  acid, 
and  3  drops  of  thymol  blue  solution.  Solutions  3,  4,  11,  and  12 
each  had  1  ml.  of  carbon  tetrachloride.  Solutions  5  and  6  each 
had  5  ml.  of  carbon  tetrachloride.  Solutions  7,  8,  11,  and  12  each 
had  1  ml.  of  benzene.  Solutions  9  and  10  each  had  5  ml.  of  ben¬ 
zene.  Titrations  were  carried  out  for  the  acid  with  standardized 
sodium  hydroxide  solution: 

• 

Solution  Titer 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


29.75 

29.88 

29.78 

29.85 

29.77 

29.87 

29.70 

29.65 

29.91 

29.92 
29.72 
29.85 

Av.  29.80 


WT.  %  CCI4 


It  is  felt  that  these  experiments  demonstrate  satisfactorily  Figure  4.  Refractive  Index  of  System  Car- 

that  the  method  of  analysis  is  practicable  and  that  mixtures  bon  Tetrachloride-Tetrachloroethylene 
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Table  Y.  Carbon  Tetrachloride  and  Tetrachloro- 

ETHYLENE 


Carbon 

Tetrachloride, 

Refractive  Index 

Weight  % 

at  25°  C. 

0 

1.4993 

9.85 

1 . 4949 

19.16 

1.4907 

29.65 

1.4862 

39.54 

1.4818 

49.75 

1.4771 

58.29 

1.4733 

69.94 

1.4684 

79.59 

1.4640 

89.94 

1.4596 

100.00 

1.4549 

the  approximate  10  per  cent  divisions.  When  the  results 
were  plotted  as  refractive  index  against  per  cent  by  weight,  it 
was  found  that  a  straight  line  fitted  the  data  most  accurately 
(Table  V). 

Summary 

Two  methods  have  been  developed  for  the  analysis  of  the 
ternary  system,  benzene-carbon  tetrachloride-acetic  acid,  and 
one  method  for  the  binary  system,  carbon  tetrachloride- 
tetrachloroethylene. 

In  the  first  method  for  the  ternary  system,  the  sample  was 


weighed  and  the  acid  determined  volumetrically  with  stand¬ 
ardized  sodium  hydroxide  solution,  using  thymol  blue  made 
up  in  a  basic  aqueous  solution  as  the  indicator.  The  phase 
containing  benzene  and  carbon  tetrachloride  appears  as  the 
titration  is  carried  out.  The  mixture  was  centrifuged  and  the 
composition  of  the  benzene-carbon  tetrachloride  determined 
by  refractive  index  methods. 

The  second  method  of  analysis  of  the  ternary  system  was 
based  on  measurements  of  density  and  refractive  index.  The 
density  was  determined  by  measuring  the  loss  in  weight  of  a 
drop  of  Pyrex  brand  glass  when  suspended  in  the  liquids  from 
a  fine  wire.  Rigid  temperature  control  over  the  mixtures  was 
not  necessary  because  change  of  density  with  change  of  com¬ 
position  was  so  great. 

Refractive  index  measurements  were  used  for  the  analysis 
of  the  binary  system. 
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Colorimetric  Determination  of  Copper  with 

1 ,1 0-Phenanthroline 

M.  L.  MOSS  WITH  M.  G.  MELLON,  Purdue  University,  Lafayette,  Ind. 


TARTARINI  ( 5 )  in  a  discussion  of  new  color  reactions  in¬ 
volving  cuprous  salts,  reported  that  2,2'-bipyridyl  and 
1,10-phenanthroline  form  copper  complexes  which  can  be 
reduced  with  hydroxylamine  to  give  highly  colored  cuprous 
compounds.  The  reaction  is  brought  about  by  treating  an 
ammoniacal  solution  of  a  cupric  salt  with  the  reagent  and 
reducing.  All  cuprous  salts  containing  ammonia  or  strong 
organic  bases  are  either  colorless  or  very  pale.  With  a  slight 
modification,  the  test  with  1,10-phenanthroline  can  be  used 
satisfactorily  for  the  determination  of  copper. 

Apparatus  and  Solutions 

Transmittancy  curves  were  determined  with  a  General  Elec¬ 
tric  recording  spectrophotometer  set  for  a  spectral  band  width  of 
10  m/i. 

A  standard  copper  sulfate  solution  was  prepared  by  dissolving 
copper  wire  in  1  to  1  nitric  acid,  fuming  down  with  sulfuric  acid, 
and  diluting  with  redistilled  water  to  a  concentration  of  0.05 
mg.  of  copper  per  ml.  Five  milliliters  of  this  solution  diluted  to 
50  ml.  give  a  copper  concentration  of  5  p.  p.  m. 

A  0.1  per  cent  aqueous  solution  of  1,10-phenanthroline  mono¬ 
hydrate  was  used  as  the  color-forming  reagent.  The  reducing 
agent  was  a  10  per  cent  solution  of  hydroxylamine  hydrochloride. 
Both  of  these  solutions  are  used  in  the  1,10-phenanthroline 
method  for  iron  ( 1 ). 

Commercial  grades  of  the  following  solvents  were  used:  ace¬ 
tone,  ethanol,  methanol,  2-propanol,  dioxane,  methyl  Cellosolve, 
methyl  Carbitol,  ethyl  Carbitol,  chloroform,  carbon  tetrachloride, 
ethyl  acetate,  n-amyl  alcohol,  benzene,  chlorobenzene,  and  ethyl 
ether. 

pH  adjustments  were  made  with  6  N  hydrochloric  acid  and 
6  N  ammonium  hydroxide. 

Standard  solutions  of  the  anions  studied  were  prepared  from  the 
alkali  metal  salts.  Nitrates,  chlorides,  and  sulfates  were  used  for 


the  cations.  Each  solution  contained  10  mg.  of  the  ion  in  ques¬ 
tion  per  ml. 

The  Color  Reaction 

The  order  in  which  the  reagents  are  added  is  of  primary 
importance,  the  two  following  conditions  being  necessary: 
copper  must  be  in  the  form  of  the  ammonia  complex  and  the 
reagent  must  be  added  before  the  hydroxylamine.  Am¬ 
monia  concentration  is  a  critical  factor  but  is  easily  controlled 
by  neutralizing  the  solution  to  litmus  and  adding  a  measured 
quantity  of  6  A  ammonium  hydroxide. 

Formation  of  a  complex  cuprous  salt  such  as  Cu(Ci2HgN2)X 
is  responsible  for  the  orange  color  (5).  The  time  required  for 
precipitation  to  occur  in  aqueous  solutions  varies  with  the 
copper  concentration.  Precipitation  is  prevented  entirely 
by  the  presence  of  certain  alcohols  or  other  solvents  miscible 
with  water.  Other  undesirable  properties  of  aqueous  solu¬ 
tions  of  the  complex  which  can  be  avoided  by  addition  of  a 
solvent  'are  instability  of  the  color,  nonconformity  to  Beer’s 
law,  and  change  of  hue  with  copper  concentration. 

Forty  per  cent  methyl  Carbitol  is  most  satisfactory  of  the  sol¬ 
vents  tried,  although  ethyl  Carbitol  can  also  be  used.  Fading 
occurs  within  2  days  with  dioxane,  methyl  Cellosolve,  or  the 
alcohols.  With  methyl  Carbitol,  the  slight  change  in  2  days  is 
not  measurable  by  visual  means.  Acetone  reacts  with  the  hy¬ 
droxylamine. 

Extraction  of  the  color  with  any  of  the  following  solvents  is 
not  feasible:  n-amyl  alcohol,  benzene,  chlorobenzene,  chloroform, 
carbon  tetrachloride,  ether,  and  ethyl  acetate. 

The  5-chloro,  5-bromo,  5-methyl,  nitro,  and  5-nitro-6-methyl 
derivatives  of  1,10-phenanthroline  have  no  advantage  over  the 
parent  compound  from  the  standpoint  of  sensitivity  or  stability 
of  the  colored  complex.  2,2'-Bipyridyl  is  less  sensitive  and 
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2,2',2',-terpyridyl  does  not  react.  In  contrast,  all  of  these  com¬ 
pounds  are  about  equally  effective  for  determining  ferrous  iron 

(1,4). 

Effect  of  Concentration  of  Reagents.  The  effects  of 
concentrations  of  phenanthroline,  ammonia,  and  hydroxyl- 
amine  are  not  independent  of  one  another.  The  effect  of  am¬ 
monia  concentration,  for  example,  is  different  for  different  con¬ 
centrations  of  hydroxylamine.  These  variables  can  be  easily 
controlled,  however.  For  solutions  with  a  final  volume  of  50 
ml.,  2  ml.  of  6  N  ammonium  hydroxide,  10  ml.  of  0.1  per  cent 
phenanthroline  solution,  and  5  ml.  of  10  per  cent  hydroxyl¬ 
amine  hydrochloride  are  sufficient  for  copper  concentrations 
up  to  10  p.  p.  m.  Concentration  of  methyl  Carbitol  is  not 
critical.  Twenty  milliliters  in  50  ml.  of  solution  are  recom¬ 
mended,  but  less  may  be  used  if  precipitation  of  dissolved 
salts  is  likely  to  occur. 

Buffering  with  ammonium  acetate  offers  no  advantage 
because  the  required  amount  of  free  ammonia  must  be  pres¬ 
ent  before  reducing  the  copper,  in  which  case  proper  adjust¬ 
ment  of  pH  will  have  been  made. 

Effect  of  Copper  Concentration.  For  a  cell  thickness 
of  1  cm.,  determinations  of  copper  can  be  made  conveniently 
in  the  range  0.1  to  10  p.  p.  m.  as  shown  in  Figure  1.  All  solu¬ 
tions  contained  2  ml.  of  ammonium  hydroxide,  8  ml.  of  rea¬ 
gent,  5  ml.  of  hydroxylamine  hydrochloride  solution,  and  20 
ml.  of  methyl  Carbitol  in  50  ml.  The  solution  in  the  back 
cell  was  identical  with  the  solution  measured,  except  for 
copper,  thereby  canceling  any  adverse  effects  due  to  impuri¬ 
ties  in  the  reagents.  Methyl  Carbitol  and  several  of  the  other 
solvents  were  found  to  contain  considerable  copper.  Beer’s 
law  is  valid  at  435  mu  throughout  the  range  of  concentrations 
susceptible  to  measurement.  The  molecular  extinction  co¬ 
efficient  at  435  m/i  is  7030.  For  visual  work,  standards  such 
as  the  solutions  represented  in  Figure  1  are  reliable  for  at  least 
24  hours. 


Table  I.  Effect  of  Diverse  Ions 


Ion 

Added  as 

Present 

Error 

Amount 

Per¬ 

mis¬ 

sible 

Ba  +  + 

Ba(NOa)2 

P.  p.  m. 

500 

% 

3 

P.  p.  m. 

300 

Be  +  + 

Be(NOs)2 

100 

0 

100 

Cd  +  + 

Cd(N03)2 

10 

2 

10 

Co  +  + 

Co(N03). 

10 

6 

5 

Ni  +  + 

Ni(N03)2 

5 

2 

5 

Sr  +  + 

Sr(N03)2 

500 

10 

100' 

Zn  +  + 

Zn  (N03)2 

10 

2 

10 

co.-- 

Na2CC>3 

500 

3 

300 

CHO2- 

HCO2H 

500 

3 

300 

c2o,-- 

(NH02C2O4 

500 

3 

300 

C3H6Os- 

CH3CHOHC02H 

500 

3 

300 

C.H.Os-- 

(NH()2C,H,06 

500 

3 

300 

C0H6O7 

(H0)C(C02H)(CH2C02H), 

500 

3 

300 

C7H602- 

C6H6C02Na 

500 

3 

300 

C7H5O.- 

C«H,(0H)C02Na 

500 

3 

300 

CN" 

KCN 

2 

14 

0 

Crs07~-  (Cr) 

K2Cr207 

25 

2 

25 

P2O7-- 

Na4P2C>7 

500 

4 

300 

SCN- 

KSCN 

500 

6 

250 

S2O3  “ 

Na2S20i 

30 

18 

5 

VO.- 

KVO. 

500 

14 

100 

Effect  of  Diverse  Ions.  The  phenanthroline  method  for 
copper  is  comparatively  free  from  interference  by  the  anions. 
Few  cations  interfere  aside  from  those  which  precipitate  in  the 
presence  of  ammonia. 

In  determining  the  extent  of  interference  for  the  various  ions, 
the  following  procedure  was  adopted:  A  measured  volume  of 
solution  containing  the  ion  in  question  was  added  to  5  ml.  of  the 
copper  sulfate  solution  containing  0.05  mg.  of  copper  per  ml. 
After  neutralizing  to  litmus  with  6  N  ammonium  hydroxide  or 
hydrochloric  acid,  the  following  were  added  in  order:  2  ml.  of 
6  N  ammonium  hydroxide,  10  ml.  of  reagent  solution,  1  ml.  of 
hydroxylamine  solution,  and  20  ml.  of  methyl  Carbitol.  The 
solution  was  then  diluted  to  50  ml.  with  redistilled  water  and  the 
transmission  curve  run.  Ammonium  acetate  was  added  in  a 
number  of  cases  without  any  apparent  advantage.  If  inter¬ 
ference  was  pronounced,  smaller  quantities  of  the  ion  were  used 
successively  until  an  estimate  of  the  limiting  permissible  con¬ 
centration  could  be  made,  2  per  cent  error  being  set  arbitrarily  as 
a  reasonable  tolerance.  These  values  are  summarized  in  Table  I. 

For  solutions  containing  5  p.  p.  m.  of  copper,  the  following 
ions  may  be  present  in  concentrations  of  at  least  500  p.  p.  m. 
without  causing  an  error  greater  than  2  per  cent:  ammonium, 
calcium,  lithium,  magnesium,  potassium,  sodium,  acetate, 
arsenate,  arsenite,  bromide,  chlorate,  chloride,  fluoride,  iodate, 
iodide,  molybdate,  nitrate,  nitrite,  orthophosphate,  perchlo¬ 
rate,  periodate,  silicate,  sulfate,  sulfite,  tetraborate,  and  tung¬ 
state. 

The  following  cations  precipitate:  aluminum,  antimony, 
bismuth,  cerium,  chromium,  cobalt,  iron,  lead,  manganese, 
mercury,  silver,  titanium,  thorium,  uranium,  zirconium, 
and  beryllium  (in  concentrations  exceeding  100  p.  p.  m.). 

Cadmium,  cobalt,  nickel,  and  zinc  interfere  presumably 
by  complex  formation  with  the  reagent.  These  metals  also 
interfere  in  the  determination  of  iron  with  1,10-phenanthro- 
line  (1). 

Among  the  anions,  serious  interference  was  encountered 
only  with  cyanide  and  thiosulfate.  These  should  be  absent. 
Large  amounts  of  dichromate  and  metavanadate  also  inter¬ 
fere.  Transmission  curves  for  several  solutions  containing 
interfering  ions  are  shown  in  Figure  2. 

Discussion 

Since  the  color  reaction  must  be  carried  out  in  ammoniacal 
solution,  iron  must  be  removed  irrespective  of  the  fact  that 
it,  also,  gives  an  intense  color  with  1,10-phenanthroline.  This 
separation  can  be  made  by  careful  precipitation  with  am¬ 
monia  as  directed  by  Mehlig  (3).  When  the  filtration  has 
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been  completed,  copper  is  present  as  the  ammonia  complex 
and,  if  the  concentration  is  high  enough  to  give  a  measurable 
color,  no  advantage  over  the  ammonia  method  (3)  can  be 
gained  by  using  1,10-phenanthroline.  If  the  concentration 
is  too  low,  however,  the  proposed  method  may  be  used  with 
good  results  for  concentrations  greater  than  0.1  p.  p.  m. 

In  using  the  method  for  copper  ores,  results  were  calculated 
by  the  following  procedure. 

Instead  of  comparing  the  transmittancy  of  the  unknown  solu¬ 
tion  with  a  standard,  the  change  in  transmittancy  produced  by 
adding  a  known  amount  of  copper  to  the  unknown  was  determined. 
The  unknown  concentration,  x,  was  then  calculated  according  to 
Beer’s  law  expressed  as  follows: 


x 


a  log  Tx 
.  Ta  +  x 

1oz-tT 


in  which  Tx  is  the  transmittancy  of  an  aliquot  of  the  sample  and 
Ta  +  x  the  transmittancy  of  a  similar  aliquot  containing  a  small 
additional  quantity  of  copper,  a.  Uncertainties  arising  from 
the  presence  of  other  constituents,  turbidity,  extraneous  color, 
or  other  sources,  except  presence  of  copper  in  the  reagents,  are 
thus  compensated.  Foster,  Langstroth,  and  McRae  have  ap¬ 
plied  this  principle  successfully  to  the  spectrographic  deter¬ 
mination  of  lead  ( 2 ). 

1,10-Phenanthroline  is  somewhat  less  sensitive  as  a  copper 
reagent  than  is  sodium  diethyldithiocarbamate.  The  latter 
reagent  forms  an  insoluble  copper  salt  requiring  use  of  gum 
arabic  or  extraction  with  a  suitable  solvent.  Methyl  Carbitol 
is  not  satisfactory  for  preventing  precipitation  with  the  di¬ 
ethyldithiocarbamate  method  nor  can  gum  arabic  be  used  with 
the  phenanthroline  method. 


Recommended  Procedure 

Treatment  of  Sample.  Prepare  a  solution  of  the  sample  by 
appropriate  means  to  contain  0.01  to  0.5  mg.  of  copper  (see  3  for 
copper  ores  and  mattes). 

If  necessary  to  remove  any  metals  precipitated  by  ammonia, 
make  the  solution  just  basic  to  litmus  by  adding  15  N  ammonium 
hydroxide,  filter  into  a  conical  flask,  and  wash  the  precipitate 
with  3  N  ammonium  hydroxide  until  the  washings  emerge  color¬ 
less.  Remove  the  flask,  wash  the  precipitate  into  the  original  con¬ 
tainer,  and  dissolve  the  material  with  a  minimum  amount  of 
concentrated  sulfuric  acid.  Then  repeat  the  precipitation  and 
washing  with  ammonium  hydroxide  as  before,  and  catch  the  fil¬ 
trate  in  the  same  conical  flask.  Evaporate  the  solution  to 
15  ml. 

Measurement  of  Desired  Constituent.  Neutralize  the 
solution  to  litmus  with  6  N  hydrochloric  acid  or  ammonium  hy¬ 
droxide  and  add  the  following  in  order:  2  ml.  of  6  N  ammonium 
hydroxide,  10  ml.  of  0.1  per  cent  1,10-phenanthroline  solution, 
1  ml.  of  10  per  cent  hydroxylamine  hydrochloride  solution,  and  20 
ml.  of  methyl  Carbitol. 

Dilute  to  50  ml.  with  water,  mix  well,  and  measure  or  compare 
the  color  by  any  of  the  usual  means.  A  blue  filter  such  as  Corning 
No.  556  is  recommended  for  filter  photometers. 

Summary 

The  intense,  brown  color  of  cuprous-phenanthroline  com¬ 
plex  may  be  used  as  the  basis  of  a  colorimetric  method  for  the 
determination  of  copper.  Beer’s  law  is  valid  for  concentra¬ 
tions  from  0.5  to  10  p.  p.  m.  of  copper,  at  least,  this  being  the 
range  most  suitable  for  measurements  with  a  1-cm.  trans¬ 
mission  cell.  The  colored  system  is  stable  for  at  least  24  hours. 

Of  the  metals  whose  compounds  are  soluble  under  the  con¬ 
ditions  used,  only  cadmium,  cobalt,  nickel,  and  zinc  interfere 
seriously.  Metals  which  precipitate  with  ammonia  are  re¬ 
moved  during  the  course  of  the  procedure.  Among  the  anions 
studied,  only  cyanide,  dichromate,  and  thiosulfate  interfere 
appreciably. 
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Modification  of  Calibration  Apparatus 

WILLIAM  R.  THOMPSON 

Division  of  Laboratories  and  Research,  State  Department 
of  Health,  Albany,  N.  Y. 

SEVERAL  minor  improvements  in  precision  calibration 
apparatus  ( 1 )  have  been  introduced,  and  the  stopcock- 
control  chamber  has  been  redesigned.  Stopcock  E  is  elimi¬ 
nated,  as  is  clamp  H,  and  instead  stopcocks  are  added  just 
above  A  and  B.  These  and  D  are  used  to  control  flow  rates, 
and  the  inner  set,  A,  B,  C,  and  F,  are  used  as  open  or  shut 
gates,  as  in  previous  procedure.  Control  is  made  easier  and 
elimination  of  entrapped  air  after  greasing  a  stopcock  may 
now  be  accomplished  without  tilting  the  apparatus.  Further¬ 
more,  a  vessel  of  smaller  capacity  but  otherwise  the  same 
pattern  as  vessel  W  of  Figure  3  is  preferable  for  calibration 
of  microburets. 
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Spectrographic  Detection  and  Determination 

of  the  Halogens 

W.  W.  A.  JOHNSON  AND  DANIEL  P.  NORMAN 
New  England  Spectrochemical  Laboratories,  West  Medway,  Mass. 


THE  spectrochemical  analysis  of  the  halogens  has  been 
confined,  with  one  exception,  to  the  detection  and  deter¬ 
mination  of  fluorine  as  calcium  fluoride  (1,5,7)  or  silicon  fluo¬ 
ride  (6).  Pfeilsticker  ( 8 )  has  analyzed  salts  for  bromine, 
chlorine,  and  iodine  at  reduced  pressures  by  the  use  of  a 
special,  very  sparklike  spark  (2000-microfarad  condenser, 
0.05-0.1  millihenry  inductance,  at  220  volts).  Nevertheless, 
the  intensity  of  the  spark  lines  of  the  halogens  tabulated  by 
Exner  and  Haschek  (2)  suggested  strongly  that  it  would  be 
possible  to  detect  all  the  halogens  spectrographically  in  the 
usual  spark  source,  if  it  were  not  for  the  presence  of  air  lines, 
principally  of  nitrogen.  The  air  lines  could  not  be  quenched 
by  the  usual  expedient  of  introducing  self-inductance  into  the 
spark  circuit  because  the  sparklike  qualities  of  the  source 
would  thereby  be  degraded  toward  the  arc,  and  the  spark 
lines  of  the  halogens  would  become  exceedingly  faint.  De¬ 
spite  this  difficulty,  it  seemed  feasible  to  determine  the  halo¬ 
gens  spectrographically  without  the  use  of  special  auxiliary 
equipment  and  this  possibility  was  investigated. 

All  spectrograms  were  taken  in  theo  first  order  of  a  3-meter 
grating  spectrograph,  dispersion  5.6  A.  per  mm.  Eastman  33 
plates  were  used  for  determining  chlorine  and  bromine;  Eastman 
spectroscopic  I-F  plates  for  fluorine  and  iodine.  Overlapping 
higher  order  spectra  were  eliminated  by  suitable  Corning  glass 
filters  placed  before  the  spectrograph  slit.  The  finely  divided 
samples  were  introduced  into  the  cored  crater  of  0.6-cm.  (0.25- 
inch)  graphite  electrodes  (National  Carbon  Co.,  Acheson  grade) 
and  flattened  off  level  with  the  rim  of  the  crater.  The  loaded 
electrode  was  placed  in  the  lower  clamp  of  a  spark  stand.  A 
sharply  pointed  electrode  was  placed  in  the  upper  clamp  of  the 
spark  stand  and  so  adjusted  that  its  point  was  exactly  2  mm. 
above  the  surface  of  the  sample.  The  electrodes  were  connected 
to  the  terminals  of  a  conventional  spectrographic,  alternating 
current,  condensed-spark  circuit  with  the  following  constants: 
input,  130  volts;  output,  25,000  volts,  17  to  21  milliamperes; 
capacity  0.004  microfarad.  The  large  inductance  customarily 
used  in  such  circuits  to  eliminate  the  air  lines  was  shorted  out,  so 
that  the  only  inductance  was  the  natural  self-inductance  of  the 
circuit.  All  leads  were  made  as  short  as  practicable.  The  spark 
was  focused  on  the  slit  of  the  spectrograph  by  a  simple  quartz 
lens. 

The  following  spectral  lines  have  proved  to  be  the  most 
satisfactory  for  the  detection  and  determination  of  the  halo- 


gens: 

Ele¬ 

Wave 

Inten¬ 

Ele¬ 

Wave 

Inten. 

ment 

Length 

sity 

ment 

Length 

sity 

A. 

A. 

F 

6856 . 02 

60 

Cl 

4794 . 54 

20 

6902.46 

40 

4810.06 

10 

4819.46 

8 

Br 

4678.69 

10 

4704 . 86 

30 

I 

5161.19 

50 

4785.50 

15 

5464.61 

30 

4816.71 

10 

The  wave  lengths  are  taken  from  the  M.  I.  T.  Wavelength 
Tables  (4).  The  intensity  estimates  are  the  authors’  and  are 
based  on  the  intensity  scale  of  1  to  1000  used  by  Exner  and 
Haschek  in  their  measures  of  the  air  lines  (2) . 

Air  lines  did  not  interfere  with  any  of  the  strongest  lines  of 
fluorine  and  iodine,  but  all  the  chlorine  lines  except  4794.54  A. 
were  masked  by  nitrogen  lines,  as  was  the  strongest  fine  of 
bromine.  The  masking  of  these  sensitive  lines  reduced  the 
sensitivity  of  the  spectrographic  test  for  chlorine  and  bromine 
very  considerably. 

To  overcome  the  interference  of  the  air  spectrum,  the  elec¬ 
trodes  were  introduced  inside  a  5-cm.  diameter  Pyrex  tube 


through  the  center  of  two  rubber  stoppers  (the  interelectrode  gap 
was  still  maintained  at  2  mm.).  Off-center  holes  in  each  stopper 
held  3-mm.  diameter  glass  tubes.  Carbon  dioxide  was  introduced 
through  the  lower  tube  and  escaped  through  the  upper  tube.  A 
few  ounces  of  carbon  dioxide  pressure  sufficed  to  sweep  the  tube 
clear  of  nitrogen  in  less  than  a  minute.  It  was,  of  course,  neces¬ 
sary  to  use  pure  carbon  dioxide.  Carbon  dioxide  generated  from 
dry  ice  was  found  to  be  contaminated  with  chlorine,  and  ordinary 
commercial  carbon  dioxide  contained  traces  of  nitrogen  and  chlo¬ 
rine.  Through  the  courtesy  of  E.  N.  Ellis  of  the  S.  S.  White 
Dental  Mfg.  Co.  of  Philadelphia,  the  authors  obtained  U.  S.  P. 
carbon  dioxide  customarily  used  in  anesthesia.  No  nitrogen  or 
chlorine  could  be  detected  in  this  gas  by  spectrographic  methods. 

The  spectrographic  sensitivity  of  the  halogens  varied  with 
the  matrix  in  which  they  were  found  and  the  cations  to  which 
they  were  attached.  In  general,  amounts  of  the  following  or¬ 
ders  of  magnitude  could  be  detected  with  certainty: 


Element 


in  C02 


Limit 

Identification 


Sensitivity 


Micrograms 


% 


500  0.3 

900  0.5 


F  •  200  0.1 

I  mair  100  0.07 


where  the  limit  of  identification  refers  to  the  quantity  sensi¬ 
tivity,  and  the  limit  of  sensitivity  refers  to  the  concentration 
sensitivity,  in  accordance  with  the  definitions  given  by  Feigl 
(3).  One  half  these  limiting  amounts  could  be  detected  in 
many  materials,  one  fourth  these  amounts  in  some  materials. 

Satisfactory  quantitative  determinations  of  chlorine  were 
carried  out  in  the  carbon  dioxide  atmosphere  in  the  range  from 
1  to  15  per  cent  of  chlorine  when  150  mg.  of  sample,  introduced 
in  five  separate  loads,  were  sparked.  The  accuracy  of  the  de¬ 
terminations  varied  from  ±10  per  cent  of  the  amount  of 
chlorine  found  when  the  chlorine  content  was  less  than  5  per 
cent  to  ±5  per  cent  when  the  chlorine  content  was  15  per 
cent.  The  precision  of  the  determinations  was  uniformly  of 
the  order  of  ±5  per  cent. 

Summary 

Materials  containing  the  halogens  were  sparked  without 
prior  chemical  treatment  in  the  usual  high-voltage  spectro¬ 
graphic  spark.  By  this  method  the  halogens  could  be  deter¬ 
mined  with  an  accuracy  comparable  to  that  obtained  in  the 
spectrochemical  analysis  of  metals.  In  the  case  of  chlorine 
and  bromine  the  most  sensitive  fines  were  masked  by  air  lines 
and  observations  were  carried  out  in  a  carbon  dioxide  atmos¬ 
phere  in  a  simple  cylindrical  tube.  The  limits  of  detection 
were  0.5  per  cent  for  chlorine  and  0.3  per  cent  for  bromine,  in 
a  carbon  dioxide  atmosphere;  0.1  per  cent  for  fluorine  and 
0.07  per  cent  for  iodine,  in  air. 
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Cerate  and  Periodate  Oxidimetry 

Perchlorato-Cerate  and  Periodate  Ions  as  Oxidants  in  the  Determination 

of  Organic  Compounds 

G.  FREDERICK  SMITH  AND  F.  R.  DUKE1,  University  of  Illinois,  Urbana,  HI. 


THE  most  satisfactory  general  procedures  for  the  quanti¬ 
tative  determination  of  organic  compounds  are  those  of 
Stamm  (5)  and  Malaprade  (2).  The  Stamm  procedure  in¬ 
volves  oxidation  by  the  permanganate  ion  in  alkaline  solu¬ 
tion.  The  practical  difficulties  in  its  application  make  its  use 
unusually  troublesome.  The  Malaprade  procedure,  in  which 
periodic  acid  is  used  as  the  oxidant,  is  not  so  generally  appli¬ 
cable  but  is  much  to  be  preferred  over  the  Stamm  procedure. 

The  perchlorato-cerate  ion,  Ce(C104)5  ,  in  perchloric 

acid  solution,  has  been  employed  by  Smith  and  Duke  (4)  in 
the  determination  of  glycerol,  and  the  same  type  of  proce¬ 
dure  for  the  determination  of  an  extensive  series  of  organic 
compounds  is  described  in  the  present  work.  The  applica¬ 
tions  described  are  limited  to  oxidations  in  acid  solution,  and, 
in  general,  to  aliphatic  organic  compounds.  The  results  are 
stoichiometric  rather  than  empirical,  the  reactions  are  rapidly 
complete  at  ordinary  temperatures,  and  oxidation-reduction 
indicators  are  applicable  throughout. 

In  this  procedure,  as  well  as  in  the  Stamm  and  Malaprade 
procedures,  the  determination  is  not  specific  or  selective  in 
its  action  without  supporting  analyses  of  the  reaction  prod¬ 
ucts  obtained  with  variations  of  reaction  conditions. 

A  bibliography  of  previous  work  on  the  general  subject  of 
the  quantitative  oxidation  of  organic  compounds  has  been 
given  by  one  of  the  present  authors  (3) . 

Oxidation  of  Organic  Compounds  Using  Periodic 

Acid 

A  typical  oxidation  of  an  organic  compound  using  periodic 
acid  may  be  illustrated  by  citing  the  determination  of  glycerol 
as  described  by  Fleury  and  Fatome  (1).  The  reactions  are  as 
follows : 

CH2OH.CHOH.CH2OH  +  2Na3H2I06  +  2H2S04  -* 

2HCHO  +  HCOOH  +  2NaI03  +  2Na2S04  +  5H20 
Na3H2I06  -b  Na3As03  A  2NaHC03  — T\  asAs04  A  NaI03  A 

2Na2C03  A  2H20 

The  oxidation  of  glycerol  in  dilute  sulfuric  acid  solution  is 
complete  in  5  minutes  at  ordinary  temperatures  with  an  ex¬ 
cess  of  periodate.  An  excess  of  sodium  bicarbonate  is  added 
and  the  excess  of  periodate  reduced,  using  excess  of  standard 
arsenite  solution.  The  excess  arsenite  is  then  determined 
using  standard  iodine  solution  with  starch  as  indicator.  The 
presence  of  iodate  from  the  reduction  of  periodate  does  not 
interfere. 

The  principles  involved  in  the  oxidation  of  various  types  of 
organic  compounds  which  may  be  determined  by  a  series  of 
reactions  similar  to  those  of  the  determination  of  glycerol 
using  periodate,  will  be  apparent  from  the  following  discussion 
of  the  Malaprade  procedure. 

Two  electrons  and  two  protons  are  removed  from  organic 
compounds  containing  hydroxyl  groups  in  the  alpha  position 
to  each  other  (the  ethylene  glycol  type  of  structure).  The 
electronic  structure  of  the  remainder  of  the  molecule  is  un¬ 
stable  and  must  be  capable  of  rearrangement  to  a  stable  con¬ 
figuration. 

In  the  case  of  organic  compounds  having  two  aldehyde 

1  Present  address,  Frick  Chemical  Laboratory,  Princeton  University, 
Princeton,  N.  J. 


groups,  an  aldehyde  and  alcoholic  group,  or  an  aldehyde  and 
keto  group  in  the  alpha  position  to  each  other,  each  pair  of 
groups  hydrates  and  is  thus  converted  into  the  ethylene  gly¬ 
col  type  of  configuration  and  oxidized  in  a  similar  manner. 

Formaldehyde,  acetaldehyde,  propionaldehyde,  etc.,  are 
oxidized  by  periodic  acid  only  after  an  extended  period  of 
time.  Illustrative  reactions  are  those  of  the  oxidation  of 
ethylene  glycol,  glyoxal,  glycollic  aldehyde,  and  pyruvic 
aldehyde. 


H 

H  :c:  o  @ 

©/  2HCHO  +  2H*  +  2e"  (Plus  Reaction  VI)  I 

H  '-cqjkp® 

H 


H 

:5: 

H  :c::0  H  :C:  O  (0 

••  "  +  2H  :d:  H  =  GV  '  =  2HCOOH+2H*  +  2e'  II 

H  :  C  : :  O  "  H  :  C  :££)(h) 

:b: 

H 

H 

;0: 

H : c: :o  H  :c: 

••  ::  .. 

H :  c  :  o:  H  A  H  :  o :  H  =  H  :  c  : 

H  H 

HCOOH  +  2H*  +  2e-  +  HCHO 


H 

H:C::0  :0: 

c:  :o  H  :  c : .  o  £iT)  tv 

+  2H  :  O  :  H  =  H  :  O  :  C  :  ^0^)  (h)  =  CHaCOOH  +  HCOOH 
H*C*H  HICt  H  +  2H*  +  2e“ 

H  H 


Polyhydroxy  compounds  in  general  are  oxidized  using  ex¬ 
cess  of  periodate — for  example,  ethylene  glycol,  erythritol, 
arabitol,  and  mannitol.  These  reactions  are  summarized 
in  the  following  general  formulation: 

CH2OH.(CHOH)„.CH2OH  A  (n  A  1)HI04  = 

(n  A  1)  HI03  A  ti (HCOOH)  A  2HCH0  A  H20 

In  the  case  of  polyhydric  dicarboxylic  acids  in  which  n  is 
greater  than  1,  such  as  tartaric  acid,  trihydroxyglutaric  acid, 
and  saccharic  acid,  the  general  formulation  is 

COOH. (CHOH)„.COOH  A  (n  —  1)HI04  = 

(n  -  2) HCOOH  A  2CH0.C00H  A  («  -  1)HI0, 
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Table  I  Composite  Results  in  Determination  of  Organic  Compounds  by  the  Perchlorato-Cerate-Oxalate  Procedure 


Sample 

Sample 

Weght 

- — CeCCIO,)." - - 

/ - CaOi 

-- 

Mg. 

Ml. 

N 

Ml. 

N 

23.90 

25.00 

0.1036 

4.952 

0.1032 

27.54 

25.00 

0.1040 

6.940 

0.1036 

59.88 

50.00 

0.1040 

6.302 

0.1038 

29.72 

50.00 

0.1035 

32.272 

0.1035 

Biacetyl 

171.4 

75.00 

0 . 0927 

28.00 

0.1050 

83.6 

25.00 

0.0927 

3.75 

0.1050 

49.1 

25.00 

0.0927 

11.12 

0.1050 

504.9 

150.00 

0 . 0927 

20.54 

0.1050 

Acetyl  acetone 

100.83 

100.00 

0.1043 

41.578 

0.1056 

Tartaric  acid 

88.15 

50.00 

0.1032 

22.775 

0.1036 

104.32 

100.00 

0.1032 

41 . 605 

0.1036 

44.925 

50.00 

0.1032 

18.173 

0.1036 

Malic  acid 

107.0 

100.00 

0.1032 

38.205 

0.1036 

No.  of 

Equiva¬ 

Determi¬ 

Results 

lents 

nations 

Temp. 

Time 

Found 

Accuracy 

Required 

0  C. 

Min. 

Mg. 

Av.  % 

4 

45 

15 

23.925 

+  0.10 

8 

5 

26 

45 

27 . 580 

+  0.15 

12 

5 

24 

45 

59.920 

+  0.07 

26 

5 

27 

120 

29.774 

+  0.18 

12 

1 

24 

5 

171.8 

+  0.4 

2 

1 

24 

5 

82.7 

-0.6 

2 

1 

24 

5 

49.1 

0.0 

2 

1 

24 

5 

504.9 

0.0 

2 

4 

25 

10 

100.92 

+  0.09 

6 

4 

26 

10 

88.225 

+  0.08 

6 

4 

26 

10 

104.375 

+  0.05 

6 

4 

10 

30 

44.825 

0.00 

14 

4 

25 

15 

107.075 

+  0.02 

8 

These  two  reactions  indicate  that  tartaric  acid  requires  6 
equivalents  for  oxidation  and  mannitol  10  equivalents.  All 
the  periodic  acid  oxidations  require  an  even  number  of 
equivalents  and  are  thus  not  empirical  in  any  instance. 

Oxidation  of  Organic  Compounds  by  Perchlorato- 

Ceric  Acid  in  the  Presence  of  Perchloric  Acid 

The  principles  governing  the  oxidation  of  aliphatic  organic 
compounds  by  use  of  perchlorato-ceric  acid  in  the  presence  of 
4  molar  perchloric  acid  are  as  follows: 

1.  In  each  case  an  even  number  of  equivalents  of  oxidant 
is  required.  End  products  are  fatty  acids,  ketones,  aldehydes 
(other  than  formaldehyde),  and  carbon  dioxide.  In  all  cases  the 
oxygen  demand  is  stoichiometric  rather  than  empirical.  All  re¬ 
actions  are  carried  out  at  room  temperature  or  at  slightly  ele¬ 
vated  temperatures  only. 

2.  The  simplest  type  of  oxidation  follows  the  direct  libera¬ 
tion  of  two  protons  and  two  electrons  (reaction  I  +  II  is  an 
illustration).  Only  those  compounds,  the  electronic  configura¬ 
tion  of  which  is  capable  of  rearrangement  to  a  stable  form  after 
the  removal  of  two  protons  and  two  electrons,  are  oxidizable. 
Only  compounds  in  which  the  protons  are  removed  from  oxygen 
are  readily  oxidized.  This  demands  a  1,2  oxygen-containing  com¬ 
pound. 

3.  The  carbonyl  group  before  oxidation  must  hydrate  to  the 
glycol  form  (reaction  III  is  an  illustration).  Compounds  con¬ 
taining  an  active  methylene  are  oxidizable.  The  double  bond  of 
the  enol,  formed  by  such  active  methylene  group,  is  saturated 
by  hydroxyl  groups  resulting  from  reaction  V. 


H  :  0  ®f  H  :b-.®+  2Ce-  =  [b:  H]*  +  [:o-H];  +  ^  +  2e.  V 


4.  Formaldehyde  is  hydrated  and  oxidized  with  the  con¬ 
sumption  of  two  oxygen  equivalents  in  accordance  with  reac¬ 
tion  VI. 

H  © 

H  :c:  -.0  +  H  .0:  H  =  H  :CUO  ©=  HCOOH  +  2H*  +  2e"  VI 

•  O : 

H 

In  this  case  one  proton  is  detached  from  direct  union  to  carbon, 
a  specific  property  of  cerate  oxidimetry  as  distinct  from  periodate 
oxidimetry.  The  reaction  is  rapid.  In  case  aldehydes  other 
than  formaldehyde  are  involved  or  the  ketone  group  is  present 
unsubstituted  by  oxygen  in  the  alpha  position,  either  no  reac¬ 
tion  results  under  the  condition  of  the  experiment  or  empirical 
results  are  obtained. 

5.  Oxalic  acid  is  instantly  oxidized  at  ordinary  temperatures. 
This  reaction  is  used  in  the  determination  of  excess  perchlorato- 
cerate  ion.  Nitro-ferroin  is  used  as  internal  indicator  for  this 
reaction.  The  standardization  of  the  perchlorato-cerate  solu¬ 
tion  in  this  case  should  be  carried  out  by  titration  with  standard 
•oxalate  rather  than  by  the  reverse  procedure. 

The  above  rules  are  all  illustrated  in  the  oxidation  of  citric 
acid  developed  in  reactions  VII,  VIII,  IX,  and  X. 


COOH 
H  :  C  :  H 

©(T)o,:  c  (fcT>o 
••  o 

H  :  C  :  H 
COOH 


COOH 
H  :  C  :  H 

(h)=  C  : :  0  +  CO,  +  2H*  +  2e- 
H  :  C  :  H 
COOH 


VII 


H  :  o  :  c  : :  o  H  :  o  :  C : :  6 

h  :  c  :  H  =  c:  h  +  [o:  h]*  +  [:o:  h]-  = 
H  :  o :  c : :  o  h  :  o :  c  :  o :  H 


H :  o  :  c : :  0 

h  :  c:.  o 
..  diJ:- 
H  :  o  :  C : » of 


CHOCOOH  +  HiCO,  +  2H*  +  2e’ 


:o: 

H 


VIII 


H 

c: 


h : o : c: 


o 

+  h  :  o :  h  = 
o 


h :o: c  :  o 

••  Q/  •• 


0::C  tg)® 


IX 

CO:  +  HCOOH 
+  2H*  4-  2e~ 


COOH 
H  :  C  :  H 

c;:0 

H  :  C  :  H 
COOH 


COOH 

H :  c 

c:o:  H  4-  [5:  H]*  4-  [:o:  h]-  = 

H :  c :  H 
COOH 


X 


COOH 
H  :  C  :/0 

H  :  O  :  0  :<o(j) 

H  :  C  :  H 
COOH 


CHOCOOH  4-  COOH-CH.-COOH  4-  2H*  4-  2e* 


The  citric  acid  is  first  oxidized  to  acetone  dicarboxylic  acid 
(reaction  VII)  with  the  consumption  of  2  equivalents.  The 
enolized  form  of  the  acetone  dicarboxylic  acid  then  has  the 
double  bond  broken  with  the  consumption  of  two  more  equiva¬ 
lents,  as  illustrated  by  reactions  V  and  VIII,  forming  1,3-dicar- 
boxy-2,2,3-trihydroxypropane,  which  is  oxidized  by  2  more  equiva¬ 
lents  to  form  one  mole  of  malonic  acid  and  one  mole  of  glyoxylic 
acid.  The  glyoxylic  acid  is  then  hydrated  and  oxidized  to  formic 
acid  with  the  consumption  of  2  more  equivalents,  according  to 
reaction  IX.  Lastly,  the  mole  of  malonic  acid  enolizes  and  the 
double  bond  is  broken  by  the  reaction  of  the  positive  and  negative 
hydroxyl,  accounting  for  the  use  of  2  additional  equivalents  of 
oxidant  and  forming  another  molecule  of  glyoxylic  acid  (reaction 
X).  Lastly,  two  more  equivalents  of  oxygen  are  required  to  oxi¬ 
dize  this  glyoxylic  acid  in  accordance  with  reaction  IX.  The 
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total  number  of  oxygen  equivalents  demanded  is  14.  The  total 
reaction  is  shown  as  follows : 

C6H807  +  14Ce(C104)6—  +  5H20  = 

4C02  +  2HC00H  +  84C104“  +  14H+  +  14Ce+++ 

The  formulas  for  the  group  oxidation  of  various  type  reac¬ 
tions  are  given  in  the  following  summary : 

XI.  Polyhydric  Alcohols 

CH2OH.(CHOH)„.CH2OH  -  (2 n  +  6)e~  +  (n  +  2)H20  = 

(n  +  2)HCOOH  +  (2  n  +  6)H  + 

XII.  Polyhydric  Alcohol  Monocarboxylic  Acids 
CH2OH.(CHOH)„.COOH  -  (2 n  +  4)e“  +  (n  +  1)H20  = 

( n  +  l)HCOOH  +  (2  n  +  4)H+  +  C02 

XIII.  Polyhydric  Dicarboxylic  Acids 

COOH.(CHOH)„.COOH  -  (2 n  +  4)e~  +  «H20  =  nHCOOH  + 

2C02  +  (2  n  +  4)H  + 

XIV.  Aldoses 

CH2OH.(CHOH)„.CHO  -  (2 n  +  4)e"  +  (n  +  2)H20  = 

(n  +  2)HCOOH  +  (2  n  +  4)H  + 

XV.  Ketoses 

CH2OH.(CHOH)„.CO.CH2OH  -  (2 n  +  8)e~  +  (n  +  3)H20  = 
(n  +  2)HCOOH  +  (2n  +  8)H+  +  C02 

Conditions  Governing  Experimental  Reaction 
Procedures 

For  the  quantitative  and  stoichiometric  oxidation  of  or¬ 
ganic  compounds  several  requirements  must  be  fulfilled. 
Each  organic  molecule  must  react  to  give  definite  end  prod¬ 
ucts  and  all  side  reactions  must  be  excluded.  The  end  prod¬ 
ucts  must  not  be  further  oxidized  under  the  defined  experi¬ 
mental  conditions.  A  time  limit  for  reaction  has  been  estab¬ 
lished  of  120  minutes  or  less.  Any  reaction  for  which  an  odd 
number  or  fractional  number  of  equivalents  are  employed  is 
known  to  be  empirical  and  unsatisfactory. 

Solutions  of  perchlorato-ceric  acid  in  4  A  perchloric  acid 
may  be  heated  at  60°  C.  for  60  minutes  without  appreciable 
loss  in  titer  due  to  the  oxidation  of  water  (reaction  V) .  F ormic 
acid  is  not  appreciably  oxidized  by  the  same  cerate  solution, 
at  the  same  temperature,  in  the  same  period  of  time.  Amounts 
of  acetic  acid  experimentally  encountered  may  be  present 
without  appreciable  error  during  periods  of  60  minutes  at 
50  °  C .  With  acetaldehyde  and  acetone  present  as  products  of 
the  reaction  of  oxidation,  more  than  5  minutes  at  10°  C.  intro¬ 
duces  appreciable  error.  These  values  were  established  by  a 
procedure  duplicating  that  described  by  the  present  authors 
(4)  for  the  case  of  the  determination  of  glycerol. 

Testing  the  general  procedure  applicable  in  specific  instances 
consisted  in  the  addition  of  known  amounts  of  the  various  or¬ 
ganic  compounds  to  4  A  perchloric  acid  solutions  containing  about 
a  twofold  excess  of  perchlorato-cerate  ion.  The  reaction  was 
allowed  to  develop  at  a  definite  temperature  for  specified  periods 
of  time  and  at  the  end  the  reacting  solution  was  diluted  by  the 
use  of  an  equal  volume  of  water.  A  drop  of  0.025  M  nitro-ferroin 
indicator  was  added  and  the  excess  perchlorato-cerate  ion  was 
titrated,  using  standard  sodium  oxalate  solution,  until  the  first 
drop  of  excess  produced  a  faint  pink  solution.  The  reduction  of 
excess  oxidant  was  carried  out  at  ordinary  temperatures. 

The  end  products  were  either  qualitatively  detected  or  pre¬ 
dicted  by  analogy,  and  the  experimental  conditions  were  limited 
to  those  permissible  in  the  presence  of  the  known  end  products. 
If  the  oxygen  equivalent  calculated  did  not  agree  with  that  ex¬ 
perimentally  found,  side  reactions  were  indicated  demanding 
altered  conditions  or  elimination  of  the  procedure  from  practical 
application. 

The  results  of  the  analyses  of  a  series  of  pure  organic  com¬ 
pounds  are  given  in  Table  I. 

Summary 

The  mechanism  of  quantitative  oxidation  of  organic  com¬ 
pounds  using  periodic  acid  as  oxidant  has  been  described. 
The  same  mechanism  has  been  applied  to  the  oxidation  of 
organic  compounds  using  the  perchlorato-cerate  ion,  Ce- 
(C104)e — ,  in  the  presence  of  4  M  perchloric  acid.  The  latter 
procedure  has  been  studied  for  a  considerable  number  of 


individual  cases  and  the  type  reactions  involved  make  pos¬ 
sible  its  application  to  a  more  extensive  series  of  compounds. 

The  use  of  the  perchlorato-cerate  ion  and  periodate  ion  in 
these  procedures  follows  the  same  general  scheme.  The 
organic  compound  is  oxidized  by  excess  of  oxidant  in  acid 
solution  for  a  specified  time  at  a  given  temperature,  after 
which  the  excess  oxidant  is  evaluated  using  a  standard  re¬ 
ducing  agent.  The  use  of  periodic  acid  is  more  complicated 
than  that  of  the  perchlorato-cerate  ion  because  the  excess 
periodate  ion  must  be  determined  in  the  presence  of  the  iodate 
ion,  necessitating  the  use  of  an  added  standard  solution. 
The  perchlorato-cerate  ion  is  more  extensive  in  its  applicabil¬ 
ity,  the  number  of  oxidation  equivalents  required  is  larger, 
and  the  speed  of  the  reactions  in  general  greater  than  in  the 
case  of  the  periodate  ion. 

All  reactions  by  both  procedures  are  stoichiometric  rather 
than  empirical,  and  an  exceptional  degree  of  accuracy  is  ob¬ 
tainable  in  all  cases.  The  methods  apply  to  aliphatic  com¬ 
pounds  and  are  not  specific  in  their  action  but  require  special 
treatment  to  isolate  the  substance  to  be  determined  if  inter¬ 
fering  substances  are  present. 
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Thimble  Supports  for  Faster  Soxhlet 
Extraction 

WALTER  C.  TOBIE,  22  Lockwood  Ave.,  Old  Greenwich, 

Conn. 

THE  insertion  of  a  piece  of  glass  rod  at  an  angle  into  the 
extractor  (midpiece)  of  a  Soxhlet  apparatus  to  raise  the 
thimble  off  the  bottom,  thus  securing  better  drainage  and  a 
more  rapid  rate  of  extraction,  has  recently  been  recommended 
(1).  The  author  has  occasionally  used  this  and  similar 
methods  in  the  past,  particularly  where  it  was  necessary  to 
use  a  thimble  shorter  than  the  height  of  the  siphon,  so  that 
undissolved  matter  might  have  been  displaced  from  the 
thimble  mechanically  if  the  liquid  had  been  allowed  to  rise 
above  the  top  of  the  thimble. 

However,  an  oblique  glass  rod  was  not  always  satisfactory 
as  a  thimble  support.  When  inserting  or  removing  the 
thimble,  there  was  sometimes  a  tendency  for  the  rod  to  shift 
into  such  a  position  that  its  lower  end  obstructed  the  outlet 
of  the  siphon,  thus  impeding  or  preventing  proper  extraction. 

If  this  trouble  is  encountered,  a  ground-glass  stopper  with 
a  flat  or  mushroom-type  top  may  be  inverted  in  the  bottom 
of  the  extractor  to  support  the  thimble  without  obstructing 
the  siphon.  To  avoid  breakage,  it  should  be  carefully  in¬ 
serted  or  removed  with  crucible  tongs  or  forceps.  By  some¬ 
what  diminishing  the  volume  of  liquid  which  can  collect  at 
each  filling,  the  glass  stopper  promotes  more  frequent  siphon¬ 
ing  and  faster  extraction.  A  weighing  bottle,  or  large 
homeopathic  vial,  of  appropriate  height  and  diameter,  in¬ 
verted  in  the  extractor,  also  serves  as  an  effective  thimble 
support  in  some  cases. 
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Thiocyanogen  Absorption  of  Linseed  Oils 

Thiocyanogen  Absorption  of  Linoleic  and  Linolenic  Acids  and  Composition  of 

Linseed  Oils 


EDGAR  PAGE  PAINTER  AND  L.  L.  NESBITT,  North  Dakota  Agricultural  College,  Fargo,  N.  D. 


IN  CONNECTION  with  studies  of  fat  metabolism  in  flax¬ 
seed  and  of  the  fat  acid  distribution  responsible  for  the 
wide  variations  in  the  degree  of  unsaturation  of  linseed  oils,  it 
became  necessary  to  determine  the  composition  of  a  large 
number  of  oils.  Before  undertaking  this  work  it  seemed  de¬ 
sirable  to  apply  to  linseed  oil  some  of  the  refinements  of  tech¬ 
nique  recently  shown  to  be  necessary  for  the  analysis  of  mix¬ 
tures  of  oleic,  linoleic,  and  linolenic  acids. 


Figure  1.  Effect  of  Reagent  Concentra¬ 
tion  on  Thiocyanogen  Absorption  of  Lin¬ 
seed  Oil 

Approximately  same  amount  of  reagent  used  for  all 
points  of  each  curve. 

Except'  for  the  composition  of  three  linseed  oils  reported  by 
Hilditch  and  Murti  (7)  and  of  seven  by  Rose  and  Jamieson 
(25),  nearly  all  analyses  of  linseed  oils  have  been  based  on  cal¬ 
culations  using  Kaufmann’s  theoretical  constants  (11,  12)  for 
the  thiocyanogen  absorption  numbers  of  linoleic  and  linolenic 
acids.  Kimura  (16)  in  1929  presented  evidence  which  placed 
Kaufmann’s  theoretical  constants  in  doubt.  Nevertheless, 
they  were  widely  used  until  recently  when  several  laboratories 
investigated  the  validity  of  Kaufmann’s  values.  As  a  result 
of  their  work  (7,  9, 10, 19,  22,  23,  26)  the  thiocyanogen  values 
have  been  modified,  so  that  in  using  the  method  originally 
proposed  by  Kaufmann  one  can  now  obtain  results  which  are 
much  more  accurate  than  previously  possible. 

Thiocyanogen  absorption  numbers  of  oleic,  linoleic,  and  lino¬ 
lenic  acids  and  esters  determined  by  several  groups  of  investi¬ 
gators  have  been  summarized  by  Riemenschneider,  Swift,  and 
Sando  (22).  Matthews,  Brode,  and  Brown  (19)  have  since  re¬ 
ported  values  for  their  carefully  purified  specimens  of  these  acids. 
The  results  obtained  by  the  several  groups  are  in  fair  agreement, 
but  it  is  clear  that  the  absorption  of  thiocyanogen  depends  upon 


the  conditions  under  which  the  determination  is  made.  The  con¬ 
centration  of  reagent  (9,  10,  22),  the  excess  of  reagent  over  that 
added  to  the  ethylenic  bonds  (9, 10,  19,  22,  23),  the  length  of  time 
permitted  for  addition  of  the  reagent  (9,  10,  19,  22),  the  tempera¬ 
ture  of  the  reaction  (19,  22),  and  the  solvent  (19)  are  factors  which 
alter  the  thiocyanogen  number  of  linoleic  and  linolenic  acids. 
Oleic  acid,  on  the  other  hand,  gives  nearly  theoretical  thiocyano¬ 
gen  absorption  numbers  by  most  procedures. 

In  order  to  obtain  accurate  results  it  is  imperative  that 
thiocyanogen  should  add  to  the  double  bonds  of  the  fat  acids 
of  the  oil  in  the  same  ratio  that  it  adds  to  the  fat  acids  when 
the  empirical  constants  are  determined.  It  therefore  seemed 
necessary  to  determine  those  factors  which  must  be  controlled 
to  obtain  precise  thiocyanogen  absorption  constants  of  linseed 
oil,  and  the  empirical  constants  for  the  thiocyanogen  absorp¬ 
tion  of  linoleic  and  linolenic  acids  by  following  the  procedure 
finally  adopted  for  linseed  oil. 

Thiocyanogen  Absorption  of  Linseed  Oil 

To  obtain  the  data  shown  in  Figure  1,  equal  volumes  of  the 
most  concentrated  solution  used  with  each  oil  were  diluted 
with  acetic  acid  reagent  to  the  weaker  concentrations.  It 
can  be  seen  that  the  concentration  of  the  thiocyanogen  rea¬ 
gent  must  be  held  within  narrow  limits  if  reproducible  results 
are  to  be  obtained.  The  thiocyanogen  number  is  approxi¬ 
mately  3  points  higher  with  the  0.2  A  solution  recommended 
by  the  American  Oil  Chemists’  Society  (1)  than  with  the  0.1  N 
solution  recommended  by  the  A.  0.  A.  C.  (2).  The  higher 
iodine  number  oil  showed  a  greater  increase  in  the  thiocyano¬ 
gen  number  with  increase  in  reagent  concentration  than  the 
lower  iodine  number  oil.  This  is  readily  explained  by  the 
larger  amount  of  linolenic  acid  in  the  former  (Table  VI). 

The  rate  of  addition  of  thiocyanogen  to  linseed  oil  (Figure  2) 
follows  closely  the  rate  predicted  from  studies  of  oleic  (23), 
linoleic  (17,  23),  and  linolenic  (9,  19)  acids.  Thiocyanogen 
continues  to  add  beyond  24  hours,  but  the  rate  of  addition  is 
slow  enough  so  that  this  appears  to  be  a  suitable  reaction  time. 
These  results  differ  markedly  from  those  of  Gay  (5),  who 
found  that  the  thiocyanogen  number  of  linseed  oil  increased 
rapidly  up  to  about  48  hours,  and  from  those  of  Kaufmann 


Figure  2.  Rate  of  Addition  of  Thiocyanogen  to  Lin¬ 
seed  Oils 
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Table  I.  Effect  of  Excess  of  Thiocyanogen  Reagent 


Oil  11 

Oil  18 

Oil  19 

Oil  21 

Oil  22 

Thiocy-  Excess 

Thiocy- 

Excess 

Thiocy- 

Excess 

Thiocy- 

Excess 

Thiocy- 

Excess 

anogen  thiocy- 

anogen 

thiocy- 

anogen 

thiocy- 

anogen 

thiocy- 

anogen 

thiocy- 

No.  anogen 

% 

No. 

anogen 

% 

No. 

anogen 

% 

No. 

anogen 

% 

No. 

anogen 

% 

106.6 

51 

125.1 

55 

114.5 

63 

117.2 

53 

112.1 

129 

106.0 

63 

125.4 

95 

115.5 

96 

119.0 

123 

113.5 

204 

106.7 

107 

127.2 

172 

114.6 

115 

120.9 

192 

114.7 

209 

107.4 

130 

126.4 

183 

115.6 

204 

120.9 

201 

114.2 

377 

107.0 

214 

126.6 

293 

114.7 

306 

121.7 

259 

... 

107.8 

234 

•  •  • 

... 

.  .  . 

108.4 

271 

T  -  * 

... 

... 

... 

107.8 

292 

.  .  . 

.  .  . 

.  .  . 

Iodine  No.:  oil 

11,  162.9; 

oil  18,  202.8; 

oil  19,  178.2;  oil 21,  188.3;  oil22, 176.6. 

and  Keller  {18)  and  Griffiths  and  Hilditch  ( 6 ),  who  found  no 
increase  after  18  hours. 

In  Table  I,  thiocyanogen  numbers  of  several  linseed  oils  ob¬ 
tained  by  varying  the  excess  of  thiocyanogen  reagent  are 
shown.  The  original  concentration  of  reagent  was  approxi¬ 
mately  the  same  in  each  case.  The  excess  reagent  is  expressed  as 

-  a™ount  ui\use|| — —  X  100.  These  data  indicate 

amount  added  to  double  bonds 

that  the  thiocyanogen  numbers  increase  slightly  with  a 
greater  excess  of  reagent,  but  the  increment  of  increase  is  small. 
Over  much  of  the  range  studied  the  differences  are  about  the 
same  as  expected  from  the  precision  of  the  thiocyanogen  deter¬ 
mination  (see  Table  II).  We  can  expect  somewhat  better 
precision  for  the  results  in  Table  I  because,  with  the  exception 
of  a  few  repeat  determinations,  the  thiocyanogen  values  for 
each  oil  were  determined  with  the  same  solution. 

The  extent  of  thiocyanogen  addition  to  double  bonds 
should  be  determined  by  the  concentration  of  thiocyanogen 
and  not  by  total  unused  reagent.  In  actual  practice  sufficient 
time  is  not  allowed  for  the  reaction  to  reach  equilibrium,  and 
the  initial  rate  of  addition  may  also  be  modified.  Neverthe¬ 
less,  the  authors  believe  the  “effect  of  excess  reagent”  is  pri¬ 
marily  due  to  the  concentration  at  the  time  the  thiocyanogen 
not  added  to  the  double  bonds  is  titrated.  Relatively  large 
differences  in  the  per  cent  of  excess  reagent  cause  relatively 
small  changes  in  thiocyanogen  concentration.  With  a  solu¬ 
tion  of  original  0.2  N  concentration  and  percentages  of  excess 
of  50,  100,  200,  300,  and  400,  the  corresponding  thiocyanogen 
concentrations  are  0.067  N,  0.10 N,  0.133  N,  0.15  N,  and  0.16  N. 
By  increasing  the  excess  reagent  above  200  per  cent  the  in¬ 
creased  absorption  would  probably  be  small,  if  not  negligible. 

Nearly  all  of  the  authors’  determinations  on  linseed  oil 
which  have  been  used  to  calculate  composition  have  had  180 
to  230  per  cent  excess  reagent.  The  average  has  been  206  per 
cent.  Within  this  range  and  with  this  great  an  excess,  dis¬ 
crepancies  due  to  the  quantity  of  reagent  have  been  largely 
eliminated. 

One  of  the  objections  often  raised  to  the  use  of  thiocyanogen 
numbers  for  the  calculation  of  the  composition  of  fat  acids  is 
the  difficulty  in  obtaining  reproducible  results.  Soon  after 
Kaufmann  originally  proposed  the  thiocyanometric  method 
some  workers  concluded  it  was  not  dependable.  After  the 
several  variables  now  known  to  change  the  thiocyanogen 
number  were  rigidly  controlled,  the  discrepancies  largely  dis¬ 
appeared  in  most  laboratories.  The  authors  have  determined 
the  thiocyanogen  number  of  a  reference  oil  sample  with  each 
new  0.19  N  thiocyanogen  solution  prepared  (Table  II).  The 
maximum  variations  are  larger  than  desired.  These  values, 
however,  show  better  agreement  than  many  results  on  puri¬ 
fied  samples  of  fat  acids  and  esters  where  several  determina¬ 
tions  on  the  same  samples  are  reported.  The  data  in  Table  II 
include  the  thiocyanogen  numbers  (average  of  duplicate  de¬ 
terminations)  of  each  solution  and  not  a  single  determination 
on  the  reference  samples  was  excluded.  In  practice  the  pre¬ 


cision  of  the  method  is  better  than  the 
data  in  Table  II  indicate.  When  the 
iodine  number  of  linseed  oil  is  plotted 
against  the  thiocyanogen  number,  most 
of  the  points  fall  close  to  a  straight 
line.  Whenever  a  determination  gives 
a  point  several  units  from  this  line,  it 
is  repeated.  Almost  without  exception 
the  repeat  value  falls  very  close  to 
the  line.  Recently  the  authors  have 
routinely  determined  the  thiocyanogen 
number  of  each  oil  sample  with  two  or 
more  solutions.  Numerous  repeats 
have  been  necessary  and  occasionally 
one  of  duplicate  determinations  is  out 
of  line.  Nevertheless,  they  believe  very  few  of  their  values  devi¬ 
ate  more  than  1  point  from  the  “true”  thiocyanogen  number. 

Thiocyanogen  Absorption  of  Linoleic  Acid,  Methyl 
Linoleate,  Linolenic  Acid,  and  Methyl  Linolenate 

The  authors  have  prepared  several  samples  of  linoleic  acid, 
methyl  linoleate,  linolenic  acid,  and  methyl  linolenate  and  de¬ 
termined  the  thiocyanogen  absorption  of  these  specimens  by 
the  same  procedure  as  followed  with  linseed  oil.  Thiocyano¬ 
gen  determinations  of  each  sample  were  made  with  two  and 
sometimes  four  solutions  of  approximately  0.19  N  concentra¬ 
tion.  The  results  are  shown  in  Tables  III  and  IV. 

The  authors’  thiocyanogen  values  of  98.1  for  linoleic  acid  and 
of  167.4  for  linolenic  acid  (168.0  calculated  to  a  theoretical  iodine 
number)  are  slightly  higher  than  values  of  96.3  and  167.3  by  Kass 
and  co-workers  {9, 10),  97.3  and  167.6  by  Riemenschneider,  Swift, 
and  Sando  {22),  and  96.6  and  166.3  by  Matthews,  Brode,  and 
Brown  {19).  With  the  exception  of  linolenic  acid,  where  the 
average  excess  of  thiocyanogen  reagent  was  190  per  cent  the  authors 
have  made  most  of  their  determinations  with  an  excess  above  200 
per  cent.  Kass  and  co-workers  ( 9 , 10)  obtained  their  results  when 
the  excess  reagent  was  100  to  150  per  cent;  when  the  per  cent  of 
excess  was  raised  to  approximately  350  per  cent  with  linoleic  and  to 
250  per  cent  with  linolenic,  the  thiocyanogen  number  increased 
about  3  points.  The  results  of  Riemenschneider,  Swift,  and 
Sando  {22)  fail  to  show  as  marked  increases  in  the  thiocyanogen 
number  with  increase  in  the  excess  of  reagent  as  reported  by  Kass 
and  co-workers.  An  inspection  of  the  authors’  data  on  the  fat 
acids  and  esters  fails  to  reveal  any  excess  reagent  effect.  In 
nearly  every  case,  however,  the  excess  was  over  190  per  cent  and 
the  range  was  relatively  small. 

Matthews,  Brode,  and  Brown  {19)  show,  as  predicted,  that  the 
thiocyanogen  number  of  linolenic  acid  increases  more  with  in- 
.  crease  in  amount  of  reagent  than  does  that  of  linoleic  acid.  The 


Table  II.  Reproducibility  of  Thiocyanogen  Absorption 
Number  of  Linseed  Oils 


Thiocy¬ 

anogen 

solution 

No. 


-Oil  21- 


Thiocy- 

anogen 

No. 


15 

16 
17 

17 

18 
19 
19 


121 

119 
122 

120 
121 
121 
121 


Thiocy¬ 

anogen 

solution 

No. 

23 

24 

24 

25 

26 

29 

30 

31 

32 

33 

34 

35 

36 

37 
39 


-Oil  22- 


Av.  121.0 

Av.  deviation  from 

mean  ±0.59 

Maximum  devia¬ 
tion  from  mean  2.0 


Thiocy¬ 

anogen 

No. 

114.5 

115.2 

115.7 

113.7 
114.0 

113.5 

115.6 

113.6 
114.9 
116.4 

115.3 
113.2 

114.1 

114.8 

116.1 

114.7 


tO. 85 


Thiocy¬ 

anogen 

solution 

No. 

37 

39 

42 

44 

45 

46 

47 


-Oil  23- 


Thiocy- 

anogen 

No. 

117.0 

115.9 

114.9 
116.6 

117.4 

116.4 

115.4 


116.2 


tO. 71 


1.7 


1.3 


Iodine  No.:  oil 21,  188.1;  oil22,  176.6;  oil23,  178.8. 
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Table  III. 


Sample 

Linoleic 

aeid 


Thiocyanogen  Absorption  of  Linoleic  Acid  and  Methyl 
Linoleate 


Methyl 

linoleate 


H 


Method  of  Preparation 

Saponification  of  methyl  eater. 

Distilled.  Fraction  1 
Fraction  2  (above) 

Pyridine  denomination.  Not 
distilled 

Distilled  (above)  Fraction  1 
Distilled  (above)  Fraction  2 
Pyridine  debromination.  Dis¬ 
tilled 

Saponification  of  methyl  ester. 
Distilled 

Redistilled  acid  fractions 

HjSOi-MeOH  debromination. 
Not  distilled 

Distilled  (above)  - 

HrSCU-MeOH  debromination. 

Distilled.  Fraction  1 
Fraction  2  (above) 
H2SC>4-MeOH  debromination. 
Distilled 

Redistilled  ester  fractions 


Iodine 

No. 


Thiocy¬ 

anogen 

No. 


Linoleic  Acid 

Thiocy- 
Iodine  anogen 

No.  No. 


172.0 

172.5 

172.6 
172.2 

172.4 

171.4 


93.3 

93.6 

94.1 

93.6 

94.1 

93.5 


179.2 
179.5 

181.4 

181.2 
181.4 

181.2 

181.7 

179.7 


180.6“ 

181.1 

181.2 

180.8 

181.0 

180.0 


Av.  thiocyanogen  No. 

“  Methyl  linoleate  calculated  as  linoleic  acid. 


98.0 

96.0 

99.4 

98.0 

97.8 

98.6 

98.3 

97.4 


98.0“ 

98.3 

98.8 

98.3 

98.8 

98.2 

98.1 


Table  IV. 


Sample 

Linolenic 

acid 


Thiocyanogen  Absorption  of  Linolenic  Acid  and  Methyl 
Linolenate 


Methyl 

linolenate 


Method  of  Preparation 

Saponification  of  methyl  ester. 
Distilled 

Pyridine  debromination.  Dis¬ 
tilled.  Fraction  1 
Fraction  2  (above) 
Saponification  of  methyl  ester. 

Distilled.  Fraction  1 
Fraction  2  (above) 

Pyridine  debromination.  Dis¬ 
tilled.  Fraction  I 
Fraction  2  (above) 

HjSOi-MeOH  debromination. 

Redistilled.  Fraction  1 
Fraction  2  (above) 
HjSCh-MeOH  debromination. 

Distilled.  Fraction  1 
Fraction  2  (above) 
HaSCL-MeOH  debromination. 

Distilled.  Fraction  1 
Fraction  2  (above) 

Redistilled  ester  fractions 


Av.  thiocyanogen  No. 

“  Methyl  linolenate  calculated  as  linolenic  acid. 


Iodine 

No. 

Thiocy¬ 

anogen 

No. 

Iodine 

No. 

Thiocy¬ 

anogen 

No. 

271.2 

167.7 

;;;  • 

271.6 

272.3 

167.0 

167.6 

271.7 

272.5 

168.1 

168.3 

272.5 

272.5 

168.8 

168.5 

259.9 

258.8 

158.0 

157.3 

273.0“ 

271.8 

166.0“ 

165.2 

259.4 

259.7 

159.1 

159.2 

272.5 

272.8 

167.1 

167.2 

259.9 

259.3 

259.1 

159.4 

159.8 

159.1 

273.0 

272.4 

272.2 

167.4 

167.8 

167.1 

167.4 

lower  thiocyanogen  values  on  the  carefully  purified  samples 
prepared  in  Brown’s  laboratory  (19)  may  be  due  to  a  lower 
reaction  temperature  (16°  C.),  and  it  is  possible,  though  not 
likely,  that  the  10  per  cent  carbon  tetrachloride  lowered  the  ab¬ 
sorption.  Low  thiocyanogen  absorption  numbers  of  linolenic 
acid  samples  stored  for  some  time  have  been  observed  (19). 
The  authors’  thiocyanogen  determinations  were  started  the  same 
day  the  linolenic  samples  were  distilled.  The  iodine  numbers 
were  determined  within  a  few  hours  after  distillation.  Most  of  the 
determinations  on  the  linoleic  samples  were  also  made  soon  after 
preparation,  but  the  iodine  numbers  of  the  linoleic  samples,  un¬ 
like  the  linolenic  samples,  dropped  only  slightly  when  stored  sev¬ 
eral  days  in  the  refrigerator. 

With  few  exceptions,  the  thiocyanogen  numbers  of  the  fat  acids 
and  esters  (Tables  III  and  IV)  show  excellent  agreement  in  each 
group.  The  average  thiocyanogen  number  of  linolenic  acid 
samples,  168.0,  and  of  methyl  linolenate  samples,  166.8,  a  differ¬ 
ence  of  1.2  points,  is  difficult  to  explain.  An  average  of  these 
values  must  be  chosen  but  it  leaves  some  doubt  as  to  the  best 
choice  of  the  empirical  constant. 

Norris,  Kass,  and  Burr  (21)  favor  the  use  of  alcohol-hydsochlo- 
ric  acid  (Rollett,  24)  for  debromination  and  esterification  in  the 
preparation  of  esters  of  linolenic  acid,  but  the  authors  have  found 
Kimura’s  methyl  alcohol— sulfuric  acid  reagent  more  satisfactory. 
Preparations  of  methyl  linolenate  by  Rollett’s  method  (24)  had 
an  iodine  number  2  to  3  points  lower  than  those  shown  in  Table 
IV  which  were  prepared  by  modifying  Kimura’s  method.  The 
thiocyanogen  numbers  were  also  lower,  but  when  calculated  to 
a  theoretical  iodine  number,  they  were  essentially  the  same  as 
those  shown  in  Table  IV.  After  the  hexabromostearic  acid  and 


zinc  dust  were  ground  together  in  a  mortar,  de¬ 
bromination  in  methyl  alcohol  proceeded  smoothly. 
For  the  preparation  of  linolenic  and  linoleic  acids, 
the  authors  find  debromination  in  pyridine  (1 4) 
much  less  tedious  than  saponification  of  the 
esters. 

Composition  of  Linseed  Oil 

For  several  years  samples  of  flaxseed  grown 
at  various  locations  throughout  the  United 
States  and  Canada  have  been  sent  to  this  labora¬ 
tory.  Samples  with  a  range  in  iodine  numbers 
from  127.8  to  202.8  have  been  collected.  A  lin¬ 
seed  oil  with  an  iodine  number  under  140  may 
seem  surprising.  Adverse  climatic  conditions, 
high  temperature,  and  insufficient  moisture  while 
the  seed  ripens  sometimes  produce  an  oil  in  flax¬ 
seed  with  an  iodine  number  this  low.  These 
conditions  were  not  uncommon  in  1936.  Occa¬ 
sionally  low  iodine  number  oils  have  been  pro¬ 
duced  in  the  Northwest  Great  Plains  in  other 
years. 

The  analytical  results  necessary  for  the  cal¬ 
culation  of  the  fat  acid  glycerides  are  shown  in 
Table  V. 

The  saturated  acids  were  determined  by  the 
Bertram  method  (3),  which  gives  higher  values  than 
the  older  lead-salt  method.  These  are  minimum 
values  because  the  iodine  number  of  the  saturated 
acid  specimens  is  essentially  zero.  No  attempt  was 
made  to  determine  the  different  saturated  acids. 
Small  amounts  of  C20  and  C24  acids  (25)  have  been 
reported  in  linseed  oil,  but  most  of  the  saturated 
acids  are  stearic  and  palmitic.  In  order  to  calculate 
the  fat  acid  composition  as  glycerides,  the  neutral¬ 
ization  equivalent  of  several  samples  of  saturated 
acids  was  determined.  The  average  molecular 
weight  of  the  saturated  fat  acids  was  275.7.  The 
neutralization  equivalent  of  the  saturated  acids 
from  several  oils  varied  somewhat  more  than  ex¬ 
pected. 

When  substituting  constants  in  simultaneous 
equations  to  secure  expressions  which  give  the  per¬ 
centages  of  the  fat  acids  as  glycerides,  it  is  some¬ 
times  necessary  to  make  corrections  for  the  presence 
of  the  unsaponifiable  matter  and  free  fat  acids 
in  the  oil.  With  linseed  oil,  however,  correc- 
:  tions  for  these  components  do  not  appear  to  be 

necessary.  The  unsaponifiable  portion  has  an 
iodine  and  thiocyanogen  number  not  greatly  different  from  that 
of  the  oil.  Iodine  values  of  159.0,  164.5,  167.8,  and  162.4  and 
thiocyanogen  values  of  106.2  and  116.5  have  been  obtained  on 
individual  samples.  The  combined  unsaponifiable  fraction  of 
approximately  75  determinations,  which  accumulated  over  sev¬ 
eral  months,  gave  an  iodine  number  of  145.5  and  a  thiocyanogen 


Linolenic  Acid 


Table  V.  Analytical  Results  on  Linseed  Oils 


Oil 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Variety 


Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Bison 

Bison 

Bison 

Bison 

Bison 

Bison 

Linota 

Linota 

Linota 

Redwing 

Redwing 


Thiocy¬ 

Iodine 

anogen 

Unsaponi¬ 

Saturated 

No. 

No. 

fiable 

Acids 

% 

% 

127.8 

89.1 

1.34 

15.37 

135.4 

95.8 

1.27 

14.84 

146.2 

99.7 

1.10 

12.00 

154.6 

103.7 

0.97 

11.12 

164.8 

107.2 

0.94 

11.19 

166.1 

106.8 

0.84 

11.71 

177.0 

113.5 

0.82 

11.12 

193.6 

122.2 

0.79 

9.76 

200.0 

124.4 

0.84 

8.52 

162.8 

107.8 

0.88 

10.70 

162.9 

107.8 

0.91 

13.12 

164.5 

110.8 

0.98 

9.92 

176.8 

114.6 

0.85 

8.46 

181.1 

115.6 

0.83 

8.96 

185.6 

119.5 

0.86 

8.96 

176.9 

115.1 

1.10 

8.33 

199.2 

125.0 

0.80 

6.94 

202.8 

127.2 

0.91 

6.93 

178.2 

115.5 

0.98 

9.01 

195.1 

122.9 

0.95 

7.96 
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Table  VI.  Composition  of  Linseed  Oils 


(Expressed  in  per  cent  of  glyceride  fraction) 


Oil 

Saturated 

Oleic 

Linoleic 

Linolenic 

No. 

Variety 

Glycerides 

Glycerides 

Glycerides 

Glycerides 

% 

% 

% 

% 

1 

Unknown 

16.3 

40.5 

22.7 

20.5 

2 

Unknown 

15.7 

42.5 

11.8 

30.0 

3 

Unknown 

12.7 

37.1 

19.3 

30.9 

4 

Unknown 

11.7 

33.6 

19.5 

35.2 

5 

Unknown 

11.8 

26.4 

22.2 

39.6 

6 

Unknown 

12.3 

23.6 

24.6 

39.5 

7 

Unknown 

11.7 

21.4 

18.5 

48.4 

8 

Unknown 

10.3 

15.6 

15.4 

58.7 

9 

Unknown 

9.0 

11.9 

19.4 

59.7 

10 

Bison 

11.3 

30.3 

18.1 

40.3 

11 

Bison 

13.8 

28.6 

13.9 

43.7 

12 

Bison 

10.5 

33.8 

11.7 

44.0 

13 

Bison 

8.9 

25.3 

19.2 

46.5 

14 

Bison 

9.4 

21.1 

21.2 

48.3 

15 

Bison 

9.4 

22.0 

14.4 

54.2 

16 

Linota 

8.8 

26.1 

17.9 

47.2 

17 

Linota 

7.3 

15.1 

19.0 

58.6 

18 

Linota 

7.3 

14.2 

16.7 

61.8 

19 

Redwing 

9.5 

24.7 

17.2 

48.6 

20 

Redwing 

8.4 

16.1 

18.4 

57.1 

of  90.4.  Since  these  values  do  not  differ  greatly  from  those  of  the 
total  oils  (the  IN/TN  ratio  is  close  to  that  of  the  oil),  and  the 
unsaponifiable  fraction  makes  up  approximately  1  per  cent  of  the 
oils,  it  is  unlikely  that  corrections  for  this  fraction  would  amount 
to  more  than  0.2  point. 

It  follows  that  the  equations  recommended  by  Kaufmann 
and  Baltes  (12),  which  include  an  expression  for  the  unsaponi¬ 
fiable  matter,  cannot  be  applied  to  linseed  oil  unless  the  iodine 
and  thiocyanogen  values  of  the  unsaponifiable  are  determined 
and  included  in  the  expressions.  If,  on  the  other  hand,  the 
unsaponifiable  portion  is  deleted  in  the  calculations,  the  error 
due  to  its  presence  in  the  oil  will  be  small,  if  not  negligible. 

The  free  fat  acids,  rarely  higher  than  1.5  per  cent  of  the  to¬ 
tal,  would  if  esterified  reduce  the  iodine  and  thiocyanogen 
numbers  slightly.  Only  in  cases  where  the  free  fat  acids  were 
unusually  high  would  an  error  of  more  than  0.1  per  cent  result 
by  considering  the  free  fat  acids  as  glycerides  in  the  calcula¬ 
tions. 

There  is  some  question  as  to  whether  or  not  oleic  acid  adds 
thiocyanogen  quantitatively.  Most  results  (22)  indicate  a 
thiocyanogen  number  0.4  to  0.5  point  lower  than  the  theoreti¬ 
cal,  but  oleic  acid  is  difficult  to  obtain  completely  free  of  satu¬ 
rated  and  linoleic  acids.  The  presence  of  these  would  result  in 
low  thiocyanogen  values.  Matthews,  Brode,  and  Brown  (19) 
state  that  their  pure  samples  of  oleic  acid  absorb  thiocyanogen 
quantitatively,  and  Wheeler,  Riemenschneider,  and  Sando 
(26)  obtained  nearly  quantitative  results  on  triolein.  The  au¬ 
thors,  therefore,  favor  the  theoretical  value  of  89.9. 

When  simultaneous  equations  employing  thiocyanogen  ab¬ 
sorption  numbers  of  89.9  for  oleic  acid,  98.1  for  linoleic  acid 
(Table  III),  and  168.0  for  linolenic  acid  (Table  IV),  and  theo¬ 
retical  iodine  numbers  of  89.9,  181.0,  and  273.5,  are  solved, 
the  following  expressions  are  obtained: 

%  oleic  acid  =  1.649  TN  -  1.246  IN  -  0.638  S  +  63.8 

%  linoleic  acid  =  —3.269  TN  +  1.391  IN  —  1.689  S  +  168.9 
%  linolenic  acid  =  1.624  TN  -  0.146  IN  +  1.329  S  -  132.9 

where  TN  =  thiocyanogen  absorption  number,  IN  =  iodine 
absorption  number,  and  S  =  per  cent  saturated  acids. 

By  a  similar  process,  with  the  above  thiocyanogen  and  io¬ 
dine  numbers  converted  to  values  corresponding  to  glycerides, 
the  expressions  become: 

%  oleic  glyceride  =  1.724  TN  —  1.303  IN  —  0.638  5  +  63.8 

%  linoleic  glyceride  =  —  3.426  TN  +  1.457  IN  —  1.693  S  +  169.3 
%  linolenic  glyceride  =  1.701  TN  -  0.154  IN  +  1  330  S  -  133.0 

The  composition  of  the  linseed  oils  listed  in  Table  V,  ex¬ 
pressed  as  glycerides,  is  shown  in  Table  VI. 

With  the  fat  acid  composition  calculated  as  per  cent  of  glyc¬ 
erides  of  the  total  glyceride  fraction,  the  results  should  be 
directly  comparable  to  results  obtained  by  analysis  of  the  fat 


acids  obtained  by  saponification.  A  comparison  of  the  per¬ 
centages  of  fat  acids  calculated  from  analysis  of  the  fat  acids 
with  those  calculated  from  analysis  of  the  oil  should  indicate 
the  precision  of  the  authors’  methods  of  analysis.  A  few  re¬ 
sults  on  fat  acids  obtained  by  saponification  of  some  of  the 
linseed  oils  are  shown  in  Table  VII. 

For  the  most  part,  the  results  on  the  fat  acids  agree  well 
with  those  on  the  oils.  When  the  numerous  sources  of  errors 
in  the  procedures  for  fat  acid  analysis  are  considered,  these  re¬ 
sults  seem  satisfactory.  Analysis  of  synthetic  mixtures  of 
methyl  esters  of  oleic,  linoleic,  and  linolenic  acids  by  Riemen¬ 
schneider,  Swift,  and  Sando  (22)  and  of  the  acids  by  Matthews 
Brode,  and  Brown  (19)  gave  results  similar  to  those  in  Table 
VII. 

Analyses  of  fat  acids  obtained  by  saponification  have  cer¬ 
tain  advantages,  but  the  authors  prefer  to  make  determina¬ 
tions  on  the  oil  itself  when  it  is  as  unsaturated  as  linseed  oil. 
Many  fat  acid  samples  prepared  by  methods  which  require 
prolonged  heating  in  strongly  alkaline  solutions  (4)  gave  per¬ 
centages  of  fat  acids  much  different  from  the  oils.  The  iodine 
numbers  were  invariably  lower  than  should  have  resulted 
from  the  parent  oils.  Without  exception  the  linolenic  acid 
content  of  these  fat  acids  was  lower  than  that  of  the  oils.  Lin¬ 
seed  oil  is  fairly  stable,  but  the  manipulations  necessary  for 
the  preparation  of  fat  acids  may  produce  changes.  A  shift  of 
ethylenic  bonds,  polymerization,  and  oxidation  may  occur. 
When  the  fat  acid  samples  were  prepared  by  a  quick  saponifi¬ 
cation  the  fat  acid  composition  was  reasonably  close  to  that 
of  the  oils  (Table  VII). 

The  composition  of  linseed  oil,  when  calculated  from  empir¬ 
ical  constants,  shows  quite  a  different  picture  from  the  com¬ 
position  calculated  from  the  older  theoretical  constants.  The 
chief  differences  are  that  the  oleic  and  linolenic  acid  content  is 
considerably  higher,  and  the  linoleic  acid  content  considerably 
lower,  than  formerly  believed.  Linoleic  acid  values  higher 
than  40  per  cent  have  often  been  reported  (8).  'When  the 
composition  of  the  linseed  oils  shown  in  Table  V  is  recalculated 
by  employing  theoretical  constants  proposed  by  Kaufmann 
and  Baltes  (12)  the  values  are  much  different  from  those 
shown  in  Table  VI.  One  sample  gave  an  oleic  acid  content  of 
less  than  4  per  cent. 

The  composition  of  the  oils  in  Table  VI  agrees  well  with 
that  published  by  Rose  and  Jamieson  (25),  who,  although 
they  did  not  determine  constants  for  the  thiocyanogen  ab¬ 
sorptions,  made  their  calculations  using  constants  reported  by 
others  for  0.1  N  thiocyanogen  solutions.  Hilditch  and  Murti 
(7)  reported  on  the  composition  of  three  linseed  oils  by  recal¬ 
culation  of  previously  published  results  using  their  thiocyano¬ 
gen  numbers.  Unless  the  conditions  under  which  the  former 
determinations  were  carried  out  are  known,  and  the  thiocy¬ 
anogen  constants  determined  under  similar  conditions,  this  is 
a  bold  procedure.  Unfortunately,  the  data  in  most  cases  are 
insufficient  to  permit  a  recalculation  of  the  results  already 
published.  When  any  of  the  known  factors  which  affect  the 
thiocyanogen  absorption  are  changed,  other  predetermined 
empirical  values  are  necessary.  The  authors  agree  with  Rose 
and  Jamieson  (25)  that  “in  the  majority  of  cases  where  thio¬ 
cyanogen  values  are  given  in  the  literature  for  linseed  and 
other  oils  of  the  same  type  containing  notable  quantities  of 
linolenic  acid,  there  is  apparently  no  way  of  knowing  the  em¬ 
pirical  values  which  should  be  used  for  recalculating  the  per¬ 
centages  of  the  individual  unsaturated  acids  in  these  oils.” 

Experimental 

Determination  of  Iodine  Number.  Wijs  1-hour  absorp¬ 
tion,  100  to  150  per  cent  excess. 

Determination  of  Thiocyanogen  Number.  Fifty  grams 
of  the  lead  thiocyanate  (1)  were  suspended  in  500  cc.  of  the 
acetic  acid  reagent  (glacial  acetic  refluxed  3  hours  with  10  per 
cent  acetic  anhydride)  and  approximately  450  cc.  of  the  acid 
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containing  17  grams  of  bromine  were  added  in  small  portions. 
After  the  lead  bromide  had  been  filtered  out  the  clear  thiocyano- 
gen  solution  was  titrated  and  the  concentration  adjusted  to  0.18 
to  0.19  N  (recently  0.185  to  0.190  N)  by  addition  of  acetic  acid 

reagent.  _  . 

Determinations  were  carried  out  m  250-cc.  glass-stoppered 
flasks  held  at  20  =*=  1  °  C.  for  24  hours.  Titration  has  been  de¬ 
scribed  (1,  9). 

Determination  of  Saturated  Fat  Acids  and  Unsaponi- 
fiable  Matter.  The  unsaponifiable  matter  was  determined 
by  the  modified  Kerr-Sorber  method  ( 8 )  and  the  saturated  fat 
acids  by  the  modified  Bertram  (3)  method  as  given  by  Jamieson 
(8)  with  the  following  changes,  (a)  The  sulfuric  acid  and  bisul¬ 
fite  were  added  alternately  and  in  small  portions  to  destroy  the 
excess  permanganate  and  manganese  oxides,  and  to  reduce  froth¬ 
ing.  A  few  drops  oi  capryl  alcohol  were  added  to  aid  in  reducing 
the  frothing,  (b)  The  extraction  of  the  fat  acids,  before  and  after 
the  precipitation  of  the  magnesium  soaps,  was  made  with  smaller 
quantities  of  petroleum  ether,  first  with  15Q  cc.,  then  decreasing  to 
about  75  cc.  for  the  third  and  fourth  extractions. 

Linseed  Oil  Samples.  The  oil  samples  were  pressed  from 
finely  ground  flaxseed  warmed  to  about  60°  C. 


Table  VII.  Comparison  of  Results  by  Analyses  of  Oils 
and  Fat  Acids 


Oil 

Saturated 

Fat 

Oleic 

Fat 

Linoleic 

Fat 

Linolenic 

Fat 

No. 

Oil® 

acids 

Oil" 

acids 

Oil® 

acids 

Oil® 

acids 

% 

% 

/O 

% 

% 

% 

% 

% 

7 

11.7 

11.9 

21.4 

23.8 

18.5 

14.7 

48.4 

49.7 

8 

10.3 

10.0 

15.6 

17.0 

15.4 

13.8 

58.7 

59.1 

10 

11.3 

11.1 

30.3 

30.3 

18.1 

19.2 

40.3 

39.4 

11 

13.8 

14.2 

28.6 

27.8 

13.9 

13.1 

43.7 

44.8 

12 

10.5 

10.8 

33.8 

34.7 

11.7 

10.2 

44.0 

44 . 2 

13 

8.9 

9.4 

25.3 

25.7 

19.2 

17.2 

46.5 

47 . 6 

15 

9.4 

9.6 

22.0 

23.5 

14.4 

15.0 

54.2 

51.8 

16 

8.8 

8.4 

26.1 

27.7 

17.9 

17.6 

47.2 

46.3 

19 

9.5 

9  7 

24.7 

26.0 

17.2 

13.0 

48.6 

51.2 

20 

8.4 

8.7 

16.1 

17.9 

18.4 

15 . 6 

57.1 

57.8 

°  Results  on  oils  expressed  as  glycerides. 


Quick  Saponification  and  Separation  of  Fat  Acids.  Fat 
acids  shown  in  Table  VII  were  prepared  by  the  following  method: 
To  25  grams  of  linseed  oil  in  a  2-liter  Erlenmeyer  flask,  approxi¬ 
mately  25  ml.  of  95  per  cent  ethyl  alcohol  were  added.  The  flask 
was  then  placed  in  a  boiling  water  bath  and  when  the  tempera¬ 
ture  of  the  oil  solution  reached  that  of  the  boiling  water  bath, 
5  ml.  of  50  per  cent  sodium  hydroxide  (specific  gravity  1.53)  were 
added  slowly  from  a  pipet.  Saponification  was  complete  in  3  to 
5  minutes.  The  soap  solution  was  then  removed  from  the  water 
bath  and  diluted  with  approximately  800  ml.  of  water,  and  the 
unsaponifiable  material  was  extracted  by  ether.  Dilute  sulfuric 
acid  (1  +  4)  was  added  to  liberate  the  fat  acids.  After  the  fat 
acids  were  washed  with  several  portions  of  water,  they  were  dis¬ 
solved  in  petroleum  ether  and  dried  with  anhydrous  sodium  sul¬ 
fate  and  the  solvent  was  removed  on  the  steam  bath  at  reduced 
pressure.  During  all  the  steps  following  saponification  a  stream 
of  nitrogen  was  passed  through  the  solutions. 

Preparation  of  Bromides  of  Linoleic  and  Linolenic 
Acids.  Fat  acids  of  linseed  oil  and  sunflower  oils  (4)  dissolved 
in  dry  ethyl  ether  and  in  petroleum  ether  were  cooled  to  approxi¬ 
mately  —20.56°  C.  (—5°  F.)  by  placing  outside  on  a  cold  day, 
and  brominated. 

The  linolenic  hexabromide  was  filtered  out,  washed  copiously 
with  ether,  dissolved  in  the  minimum  amount  of  hot  (about 
80°  C.)  l-4,dioxane  (18),  filtered  by  the  aid  of  a  steam- jacketed 
funnel,  and  then  allowed  to  cool.  When  crystallization  began, 
an  equal  volume  of  petroleum  ether  was  added.  The  crystalline 
hexabromide  was  filtered  after  standing  at  0°  C.  overnight  and  the 
product  washed  well  with  petroleum  ether.  The  hexabromide 
was  recrystallized  two  more  times  in  this  manner  and  once  treated 
with  decolorizing  carbon  before  filtration  of  the  solution  in  hot 
dioxane.  After  a  final  crystallization  from  boiling  xylene,  the 
melting  point  was  182.5°  C.  (melting  point  tube  inserted  at 
175°  C.). 

The  linoleic  tetrabromide  was  first  washed  with  petroleum 
ether,  then  crystallized  four  times  by  the  addition  of  3  volumes  of 
petroleum  ether  to  a  saturated  solution  of  tetrabromide.  Before 
the  third  recrystallization  the  ethyl  ether  solution  was  treated 
with  decolorizing  carbon,  warmed  to  a  boil,  and  filtered.  The  prod¬ 
uct  was  less  soluble  in  ethyl  ether  than  reported  by  McCutcheon 
(17).  Melting  point  =  115-115.5°  C. 

Preparation  of  Linoleic  Acid,  Methyl  Linoleate,  Lino¬ 
lenic  Acid,  and  Methyl  Linolenate.  All  debrominations. 
solvent  removals,  and  distillations  were  carried  out  in  all-glass 


apparatus  with  ground-glass  connections  and  in  an  atmosphere  of 
nitrogen.  The  methyl  alcohol  used  was  distilled  from  magnesium 
methoxide.  The  final  products  were  taken  up  in  petroleum  ether 
(Skellysolve  F,  boiling  point  30°  to  60°  C.).  After  the  solutions 
had  been  dried  with  anhydrous  sodium  sulfate  the  petroleum 
ether  was  removed  by  the  use  of  a  water  pump  and  the  products 
were  distilled.  A  vacuum  receiver  of  the  type  described  by 
Noonan  (20)  permitted  a  separation  into  fractions  without  dis¬ 
turbing  the  distillation.  The  usual  practice  was  to  collect  a 
sample  in  a  receiving  flask  until  the  boiling  point  became  con¬ 
stant  (fraction  1),  then  turn  the  stopcock  of  the  receiver  to  sepa¬ 
rate  the  constant-boiling  fraction  (fraction  2). 

Methyl  Linolenate.  Forty  grams  of  hexabromostearic  acid 
and  40  grams  of  zinc  dust  were  ground*  together  in  a  mortar  and 
suspended  in  90  ml.  of  methyl  alcohol.  After  refluxing  1  hour,  a 
solution  of  15  ml.  of  concentrated  sulfuric  acid  in  100  ml.  of  methyl 
alcohol  (15)  was  slowly  added.  The  solution  was  refluxed  1  hour 
and  the  ester  separated  (22).  The  petroleum  ether  solution  was 
washed  with  dilute  sodium  carbonate.  One  product  distilled 
at  109°  C.  at  0.018  mm.,  another  at  114°  C.  at  0.030  mm. 

Linolenic  Acid.  Samples  A,  D,  and  E  were  prepared  by 
saponification  of  methyl  linolenate  in  the  cold  in  a  completely 
filled  flask  as  suggested  by  Kass,  Loeb,  Norris,  and  Burr  (9). 
After  most  of  the  alcohol  was  removed  at  reduced  pressure,  the 
solution  was  diluted  with  water  and  extracted  with  petroleum 
ether  to  remove  any  unsaponified  ester  before  liberation  of  the 
acid. 

Samples  B,  C,  F,  and  G  were  prepared  by  pyridine  debromma- 
tion  (14).  To  40  grams  of  hexabromostearic  acid  and  40  grams  of 
zinc  ground  together  in  a  mortar,  120  ml.  of  freshly  distilled  pyri¬ 
dine  were  added.  As  the  reaction  was  rather  violent,  the  flask 
was  cooled  with  ice  water.  After  the  initial  exothermic  reaction 
subsided,  the  flask  was  immersed  in  a  boiling  water  bath  for  15 
minutes.  While  still  warm  the  semisolid  mass  was  transferred 
to  a  separatory  funnel  with  the  aid  of  approximately  100  ml.  of 
concentrated  hydrochloric  acid  in  400  ml.  of  water,  and  petroleum 
ether.  The  lumps  of  zinc  salt  were  broken  up  with  a  glass  rod  and 
shaken  up  with  petroleum  ether.  The  pyridine  was  extracted  with 
water.  One  product  distilled  at  126°  C.  at  0.05  mm.,  another  at 
137°  C.  at  0.07  mm. 

Methyl  Linoleate  was  prepared  by  same  method  as  methyl 
linolenate  except  that  40  grams  of  tetrabromide,  30  grams  of 
zinc,  and  110  ml.  of  methyl  alcohol  were  used  to  debrommate, 
and  a  solution  of  8  ml.  of  concentrated  sulfuric  acid  in  70  ml.  of 
methyl  alcohol  was  used  to  complete  esterification.  Products 
distilled  at  121  °  C.  at  0.04  mm.  and  at  147°  C.  at  0.32  mm. 

Linoleic  Acid.  Methyl  linoleate  was  saponified  in  the  same 
manner  as  methyl  linolenate.  Tetrabromostearic  acid  was  de- 
brominated  with  zinc  in  pyridine  as  described  for  hexabromo¬ 
stearic  acid.  Fractions  were  collected  at  129°  C.  at  0.018  mm. 
and  at  133°  C.  at  0.070  mm. 

After  preparation,  the  acid  and  ester  fractions  were  placed 
in  vials,  most  of  the  air  was  displaced  by  nitrogen,  and  the  stop¬ 
pered  vials  were  stored  in  the  refrigerator. 

Summary 

The  thiocyanogen  absorption  of  linseed  oil  has  been  studied 
to  show  the  importance  of  controlling  the  concentration  of  re¬ 
agent,  the  absorption  time,  and  the  excess  of  reagent.  Samples 
of  linoleic  acid,  methyl  linoleate,  linolenic  acid,  and  methyl 
linolenate  were  prepared  to  determine  the  empirical  thio¬ 
cyanogen  absorption  numbers  by  the  authors’  method.  The 
average  thiocyanogen  absorption  values  for  linoleic,  98.1,  and 
for  linolenic,  168.0,  were  then  used  in  equations  to  obtain  ex¬ 
pressions  to  calculate  the  composition  of  linseed  oils.  Linseed 
oils  with  iodine  numbers  from  127.8  to  202.8  were  analyzed. 
A  comparison  of  the  results  calculated  from  analyses  of  the 
fat  acids,  obtained  by  saponification,  with  those  calculated 
from  analyses  of  the  original  oils,  showed  fair  agreement.  The 
range  of  the  saturated  glycerides  was  from  7.3  to  16.3  per 
cent,  of  the  oleic  glycerides  from  11.9  to  42.5  per  cent,  of  the 
linoleic  glycerides  from  11.7  to  24.5  per  cent,  and  of  the  lino¬ 
lenic  glycerides  from  20.5  to  61.8  per  cent.  Linseed  oil  con¬ 
tains  more  linolenic  acid,  more  oleic  acid,  and  less  linoleic  acid 
than  formerly  supposed. 
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Cryoscopic  Analysis  of  Styrene,  Indene, 
and  Dicyclopentadiene 
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SMALL  quantities  of  certain  impurities  in  monomeric 
styrene,  indene,  and  dicyclopentadiene  markedly  affect 
the  properties  of  polymers  produced  therefrom.  Limitations 
of  analytical  methods  for  the  detection  of  small  quantities 
of  impurities  based  on  bromine  absorption  or  on  the  accurate 
measurement  of  several  physical  properties  are  well  known  to 
investigators  in  this  field. 

A  method  for  determining  the  amount  of  impurity  in  hydro¬ 
carbons  from  freezing  and  melting  curves  is  described  by 
Mair,  Glasgow,  and  Rossini  (2)  but  is  not  designed  for  con¬ 
trol  work  where  speed  is  essential. 

It  was  believed  that  an  analytical  procedure  based  on  the 
depression  of  the  freezing  point  of  the  hydrocarbon  would 
provide  a  precise  and  sensitive  method,  dependent  on  the 
relative  number  of  molecules  of  hydrocarbon  impurities 
present  and  practically  independent  of  the  type  of  impurities. 

The  development  of  the  procedure  entailed:  (1)  the  prepa¬ 
ration  of  “100  per  cent”  styrene,  indene,  and  dicyclopenta¬ 
diene,  respectively,  and  (2)  the  design  of  a  suitable  apparatus 
for  measuring  freezing  points,  and  the  determination  of  the 
molal  dispersions,  if/,  of  the  compounds  stated  in  (1). 


Purification  of  Light  Oil  Hydrocarbons 

The  light  oil  hydrocarbons  were  purified  by  successive 
recrystallizations.  The  liquid  phase  was  separated  from  the 
solid  by  means  of  a  centrifuge.  The  centrifuge  cakes  were 
not  washed.  Advantage  of  equilibrium  melting  was  taken 
during  centrifuging.  The  criterion  of  purity  consisted  of 
identity  of  freezing  points  of  the  solid  and  liquid  phases  of 
the  final  crystallization.  The  hydrocarbons  thus  processed 
were  assumed  to  be  pure.  The  purified  compounds  had  the 
following  physical  properties. 


Compound 


Freezing  Point,  °  C.  Refractive  Index, 
(Cor.)  n2D° 


Styrene 

Indene 

Dicyclopentadiene 


-30.60  1.5469 

-  1.50  1.5764 

33.6  _ 


Measurement  of  Freezing  Points  and  Molal 
Depressions 

Styrene.  The  cell  in  which  the  freezing  points  were  deter¬ 
mined  was  a  glass  tube  38  X  1.6  cm.  (inside  diameter)  surrounded 
by  a  tube  39  X  2.5  cm.  (inside  diameter)  which  provided  an  air  bath. 
A  specially  constructed  mercury  thermometer,  37.5  cm.  long, 
graduated  directly  to  0.01°  C.  in  the  range  of  —30°  to  —38°  C. 
was  used  to  measure  temperatures.  The  thermometer  was 
calibrated  by  the  National  Bureau  of  Standards. 

A  15-cc.  sample,  which  immersed  the  thermometer  to  the  —37° 
mark,  was  found  to  be  sufficiently  large.  The  freezing  cell  and 
air  bath  were  immersed  to  the  —35°  mark  on  the  thermometer 
scale  in  a  carbon  dioxide-acetone  bath  contained  in  an  unsilvered 
quart  Dewar  vessel.  The  bath  was  maintained  at  a  temperature 
approximately  5°  C.  lower  than  the  freezing  point  of  the  solution 
under  examination.  The  solution,  the  freezing  point  of  which 
was  being  determined,  was  stirred  mechanically  with  a  12-gage 
Nichrome  wire,  provided  with  two  loops  surrounding  the  ther¬ 
mometer  below  the  solution  level.  The  highest  temperature 
observed  after  crystallization  began  was  taken  as  the  freezing 
points. 

Solutions  of  varying  composition  were  prepared  from  purified 
styrene  and  purified  m-xylene.  The  freezing  points  of  the 
solutions  were  determined  and  the  molal  depression  constant 
was  calculated  for  each  AT  between  consecutive  solutions.  Two 
observers  independently  checked  each  freezing  point  with  the 
deviation  shown,  along  with  the  complete  data,  in  Table  I. 

Indene  and  Dicyclopentadiene.  Purified  indene  and 
purified  dicyclopentadiene,  respectively,  were  diluted  with  p- 


Table  I.  Freezing  Data  of  Styrene-Xylene  Solutions 


Styrene 

Freezing  Point 

Super¬ 

cooled 

Maximum 

Deviation 

between 

Observers 

Mole  % 

°C.  (cor.) 

°c. 

°c. 

Kf 

100 

-30.60 

0.5 

0.00 

,  , 

99.77 

-30.69 

0.6 

0.00 

4.9 

99.58 

.-30.78 

0.5 

0.00 

5.3 

99.22 

-30.95 

0.4 

0.00 

4.9 

99.08 

-31.01 

0.6 

0.00 

4.9 

98.15 

-31.44 

0.4 

0.00 

5.1 

96.61 

-32.15 

0.6 

0.01 

4.9 

95.30 

-32.76 

0.7 

0.01 

5.0 

Av.  4.95 
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Table  II.  Freezing  Data 

Indene 

Freezing  Point 

Supercooled 

Kf 

Mole  % 

°C.  (cor.) 

°c. 

Indene— p-Xylene  Solutions 

100 

-1.50 

0.3 

99.34 

-1.91 

0.4 

6.86 

98.85 

-2.20 

0.3 

6.90 

98.47 

-2.46 

6.88 

97.93 

-2.78 

0.4 

6.88 

Av. 

6.89 

Dicyclopenta- 

diene 

Freezing  Point 

Mole  % 

°C. 

Dicyclopentadiene-p-Xylene  Solutions 

100 

33.6 

0.1 

99.63 

32.25 

0.1 

55 . 1 

99.25 

31.1 

0.1 

48.2 

98.88 

29.5 

0.1 

51 .0 

98.38 

27.1 

0.1 

50.0 

96.79 

21.4 

0.1 

49.3 

Av. 

50.7 

xylene  (freezing  point  13.3°  C.)  and  the  freezing  points  were 
measured  by  means  of  a  thermometer,  graduated  directly  to 
0.01°  C.,  calibrated  by  the  National  Bureau  of  Standards.  The 
freezing  point  technique  was  in  general  identical  with  that 
described  under  styrene.  Results  are  summarized  in  Table  II. 

Discussion 

The  data  presented  indicate  a  precise  analytical  method 
for  the  detection  of  small  quantities  of  impurities  in  the  hydro¬ 


carbon  examined.  Compounds  higher  in  molecular  weight 
than  xylene  produce  a  proportionally  lower  freezing  point 
depression  per  unit  weight,  and  impurities  of  lower  molecular 
weight  produce  a  depression  proportionally  higher.  High 
molecular  weight  polymers  in  small  amounts  would  not  be 
detected  by  this  method.  However,  impurities  of  boiling 
points  diverging  appreciably  from  the  boiling  point  of  the 
light  oil  hydrocarbons  in  question  can  be  separated  by 
fractional  distillation.  Chemically  reactive  compounds,  such 
as  organic  acids  which  produce  an  abnormally  high  Kf,  should 
be  determined  and  removed  by  chemical  means.  The 
cryoscopic  procedure  is  used  in  research  and  control  work 
only  between  concentrations  of  92  to  100  per  cent. 

The  true  freezing  points  of  the  solutions  of  purified  com¬ 
pounds  and  xylene  are  slightly  higher  than  those  herein  re¬ 
ported,  for  reasons  discussed  by  Mair,  Glasgow,  and  Rossini 

U). 

The  high  Kf  and  convenient  freezing  point  of  dicyclopenta- 
diene  suggest  a  possible  use  in  the  determination  of  molecular 
weights  as  a  substitute  for  camphor.  The  reactivity  of  the 
compound,  especially  with  respect  to  oxidation,  would 
necessitate  some  precautions  not  required  in  the  case  of 
camphor. 
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Determination  of  Sulfur  Dioxide  in  Beer 

A  Modification  of  Monier-Williams  Method 

B.  H.  NISSEN  AND  R.  B.  PETERSEN 
Anheuser-Busch,  Inc.,  St.  Louis,  Mo. 


DURING  the  determination  of  sulfur  dioxide  in  beer  by  the 
Monier-Williams  method  (I),  it  was  noticed  that  a  precipi¬ 
tate  of  barium  sulfate  was  formed  in  the  oxidizing  medium 
(3  per  cent  hydrogen  peroxide).  This  was  found  to  be  due  to 
an  excess  of  barium  hydroxide  added  in  removing  the  sulfate 
ion  from  the  peroxide  by  the  regular  procedure.  The  presence 
of  this  precipitate  indicated  that  any  sulfur  dioxide  determina¬ 
tions  run  using  this  hydrogen  peroxide  were  in  error  by  the 
amount  of  sulfate  precipitated,  as  sulfate  in  this  form  is  not 
titratable. 

An  attempt  was  made  to  improve  the  accuracy  of  the  pro¬ 
cedure  as  well  as  increase  the  rapidity  with  which  the  hydro¬ 
gen  peroxide  could  be  prepared  by  eliminating  the  effect  of 
the  sulfate  by  another  method  not  involving  the  use  of  barium 
hydroxide,  as  it  is  difficult  to  avoid  adding  an  excess  of  this 
reagent.  This  was  accomplished  by  neutralizing  the  acid  in 
the  peroxide  with  0.1  N  sodium  hydroxide  to  pH  4.0,  using  a 
glass  electrode  (the  neutralization  could  be  made  to  the  bro- 
mophenol  blue  end  point).  pH  4.0  is  the  neutral  point  in  the 
titration  of  the  sulfuric  acid  by  this  method. 

The  sulfuric  acid  in  the  peroxide  is  not  removed  as  it  is 
when  barium  hydroxide  is  used,  but  the  effect  of  any  acid 
present  in  the  peroxide  is  eliminated  by  neutralization,  thus 
avoiding  any  error  in  the  volumetric  result  due  to  sulfuric  acid 
in  the  peroxide. 

Should  it  be  necessary  to  check  the  volumetric  result  gravi¬ 


metrically,  a  blank  on  the  hydrogen  peroxide  must  be  de¬ 
termined  by  precipitating  the  sulfate  present  with  barium 
chloride  and  this  blank  deducted  from  the  total  barium  sul¬ 
fate. 

Experimental 

Excess  Barium  Ion  in  Htdrogen  Peroxide  Neutralized  with 
Barium  Hydroxide.  Two  separate  portions  of  3  per  cent  hydro¬ 
gen  peroxide  were  prepared  in  regular  manner  by  diluting  Super- 
oxol  (Merck  30  per  cent)  and  precipitating  the  sulfate  present  with 
10  per  cent  barium  hydroxide  solution  to  the  bromophenol  blue 
end  point.  The  precipitate  of  barium  sulfate  was  allowed  to  settle 
for  5  days  at  5°  C.,  when  the  solution  was  filtered,  standardized 
with  0.1  A  potassium  permanganate,  and  diluted  to  exactly  3  per 

^Gravimetric  blanks  (Table  I)  were  determined  on  the  peroxide 
solutions  to  estimate  the  excess  barium  ion  and  the  error  due  to 
its  presence.  This  was  done  by  adding  1  ml.  of  concentrated  sul¬ 
furic  acid  to  20  ml.  of  the  peroxide,  and  calculating  the  weight  of 


Table  I.  Determination  of  Blanks 

(20-ml.  sample) 

Sample  SO,  Equivalent  to  Excess  Barium  Ion 

P.  p.  m. 

1  0.84 

2  1.02 

Av.  0.93 
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barium  sulfate  thus  precipitated  to  the  equivalent  amount  of  sul¬ 
fur  dioxide.  The  presence  of  excess  barium  ion  results  in  a  nega¬ 
tive  error  and  the  blank  must  be  added  to  any  determinations  of 
sulfur  dioxide  run  when  using  peroxide  prepared  as  directed 
above,  as  the  first  portion  of  sulfuric  acid  formed  by  the  oxida¬ 
tion  of  sulfur  dioxide  will  be  precipitated  and  thus  cannot  be  ti¬ 
trated,  giving  a  low  result. 

Preparation  of  Hydrogen  Peroxide  (B  aritjm-Free)  .  Twelve 
milliliters  of  Superoxol  (Merck  30  per  cent)  were  diluted  to  100 
ml.  with  distilled  water,  and  then  neutralized  with  0.1  Ar  sodium 
hydroxide  to  pH  4.0,  using  a  glass  electrode.  About  4  ml.  of  the 
base  were  required.  The  strength  was  then  determined  by  per¬ 
manganate  titration  and  the  neutral  solution  diluted  to  exactly 
3  per  cent.  Experience  has  shown,  however,  that  this  standardi¬ 
zation  is  necessary  only  when  the  Superoxol  is  of  old  stock  and 
considerably  too  weak,  as  the  peroxide  solution  required  need 
only  be  approximately  3  per  cent  in  strength. 

Titration  blanks  were  determined  on  this  solution,  using  a  20- 
ml.  sample,  by  running  a  regular  sulfur  dioxide  determination, 
replacing  the  usual  beer  sample  with  300  ml.  of  distilled  water. 
The  peroxide  was  then  washed  into  a  100-ml.  beaker  and  the  pH 
determined.  In  all  cases  the  pH  was  4.0.  Had  the  pH  been 
either  higher  or  lower  than  4.0,  the  solution  would  have  been  ti¬ 
trated  to  that  pH  using  either  0.01  N  sodium  hydroxide  or  0.01  N 
sulfuric  acid,  and  this  titration  subtracted  or  added  to  the  titra¬ 
tion  for  each  regular  sulfur  dioxide  determination,  depending  on 
the  standard  solution  used. 

Stjlfur  Dioxide  Determinations  (Table  II).  Volumetric  de¬ 
terminations  were  run  by  the  Monier-Williams  method  ( 1 )  using 
both  peroxide  neutralized  with  barium  hydroxide  to  the  bromo- 
phenol  blue  end  point  and  peroxide  neutralized  to  pH  4.0  (glass 
electrode)  with  0.1  N  sodium  hydroxide.  The  titrations  with 
0.01  N  sodium  hydroxide  to  pH  4.0  were  made  using  a  glass  elec¬ 
trode. 

The  procedure  as  outlined  in  the  Monier- Williams  method  (1 ) 
was  used  in  gravimetric  determinations,  with  the  exception  that 
the  barium  sulfate  precipitate  was  digested  by  keeping  the  solu¬ 
tion  at  incipient  boiling  for  one  hour,  then  holding  it  on  the  steam 
bath  for  one  hour,  and  allowing  it  to  stand  overnight. 


Table  II.  Gravimetric-Volumetric  Checks 

(Hydrogen  peroxide  neutralized  with  barium  hydroxide) 

S02  S02 


Volumetric 

S02 

Difference 

Sample 

Uncor- 

Cor¬ 

Gravi¬ 

Uncor¬ 

Cor¬ 

No. 

reeted 

rected® 

metric 

rected 

rected 

P.  p.  m. 

P.  p.  TO. 

P.  p.  TO. 

P.  p.  m. 

P.  p.  m. 

1 

11.2 

12.0 

12.35 

1.15 

0.35 

1 

10.9 

11.7 

12.10 

1.20 

0.40 

Av.  11. 1 

11.9 

12.20 

1.10 

0.30 

2 

13.4 

14.2 

14.35 

0.95 

0.15 

2 

13.8 

14.6 

14.50 

0.70 

-0.10 

Av.  13 . 6 

14.4 

14.43 

0.83 

0.03 

°  Blank  compensating  for  excess  barium  in  peroxide  added. 


Discussion  of  Results 

For  convenience,  the  blanks  on  the  peroxide  solutions 
(Table  I)  were  calculated  to  parts  per  million  of  sulfur  dioxide 
in  determinations  using  300  ml.  of  beer,  rather  than  to  mil¬ 
ligrams  of  sulfur  dioxide. 

Correcting  the  results  of  volumetric  determinations  of  sul¬ 
fur  dioxide  (Table  II)  in  beer  for  the  error  due  to  excess  barium 
ion  in  the  peroxide  brings  them  into  closer  agreement  with  the 
results  determined  gravimetrically. 

In  determinations  of  sulfur  dioxide  in  beer,  the  use  of  per¬ 
oxide  neutralized  with  sodium  hydroxide  gives  results  approxi¬ 
mately  1  part  per  million  higher  than  those  in  which  the  per¬ 
oxide  was  neutralized  with  barium  hydroxide  (Table  III). 

It  can  be  seen  from  Tables  II  and  III  that  several  separate 
determinations  of  sulfur  dioxide  in  the  same  beer  sample  can 
be  checked  within  0.5  p.  p.  m. 

Summary 

The  proposed  method  of  preparing  hydrogen  peroxide  by 
neutralizing  with  0.1  N  sodium  hydroxide  to  a  pHj)f^4.0  is 


Table  III.  Reproducibility  and  Comparative  Results 

[Hydrogen  (1)  neutralized  with  sodium  hydroxide,  (2)  neutralized  with 
barium  hydroxide] 


Sample 

No. 

H2O2 

N  eutral- 
ization 

SO2 

Average 

Average 

Diff. 

P.  p.  TO. 

P.  p.  TO. 

P.  p.  TO. 

3 

3 

1 

2 

5.6 

4.8,  5.5 

5.6 

5.1 

jo. 50 

4 

4 

1 

2 

15.8, 16.0 

14.6 

15.9 

14.6 

}l.3 

5 

1 

8.8,  8.7 

very  rapid,  thus  making  the  determination  available  at  any 
time;  while  preparation  by  the  regular  method  requires  a  5- 
day  wait  and  a  filtration  before  the  peroxide  can  be  used. 

The  presence  of  excess  barium  ion  in  the  hydrogen  peroxide 
prepared  by  neutralization  with  barium  hydroxide  to  the 
bromophenol  blue  end  point,  as  done  in  the  regular  procedure, 
causes  an  error  approximately  equivalent  to  1  part  per  million 
of  sulfur  dioxide  when  a  300-ml.  sample  of  the  beer  is  used. 

Hydrogen  peroxide  prepared  by  neutralizing  with  0.1  N  so¬ 
dium  hydrogen  hydroxide  to  a  pH  of  4.0  eliminates  the  above 
error  without  otherwise  impairing  the  accuracy  of  the  proce¬ 
dure. 

Gravimetric  checks  of  the  procedure  may  still  be  made  if 
desired,  providing  a  blank  is  run  to  determine  the  quantity  of 
sulfuric  acid  present  in  the  peroxide  solution  used. 

The  bromophenol  blue  indicator  gives  a  satisfactory  end 
point  when  0.1  N  sodium  hydroxide  is  used.  However,  the 
end  point  is  not  sharp  when  0.01  N  sodium  hydroxide  is  used, 
and  the  use  of  the  potentiometric  method  of  titration  elimi¬ 
nates  the  uncertainty  of  the  final  end  point  with  the  lower  con¬ 
centration  acid. 

The  above  procedure  is  not  restricted  to  beer  alone,  but 
may  be  used  for  determination  of  sulfur  dioxide  in  many 
other  materials  such  as  malt,  barley,  corn  sirup,  wine,  etc. 
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Perchloric  Acid  Method  for  Determination 
of  Silicon  in  Ferrosilicon 


LOUIS  WALDBAUER  AMD  SIGURD  O.  RUE1,  State  University  of  Iowa,  Iowa  City,  Iowa 


IN  THE  tentative  A.  S.  T.  M.  method  for  the  determination 
of  silicon  in  ferrosilicon  ( 1 ),  a  large  excess  of  sodium 
peroxide  is  used  to  reduce  the  violence  of  the  reaction.  The 
large  quantity  of  sodium  chloride  subsequently  formed  in 
the  solution  increases  the  solubility  of  silica  and  produces 
low  results  (5).  Two  dehydrations  with  hydrochloric  acid 
are  needed  to  separate  the  silica  quantitatively.  This 
requires  a  great  deal  of  time,  particularly  because  of  slow 
evaporations.  Perchloric  acid  may  be  used  as  a  dehydrating 
agent  for  silicon-rich  ferrosilicon,  if  the  samples  are  first 
decomposed  (3,  7). 

A  rapid  empirical  procedure  has  been  evolved  from  these 
methods  for  the  analysis  of  simple  ferrosilicon  samples  con¬ 
taining  approximately  25  to  75  per  cent  of  silicon.  Precise 
results  may  be  obtained  in  about  5  hours  with  a  minimum 
amount  of  manipulation. 


Table  I.  Determination  of  Correction  Factor 


Sample0 

Si  Present 

Si  Found  b 

Error 

Ratio  of  Si 
Present:  Found 

1 

% 

26.83 

% 

26.36 

% 

0.47 

1.018 

2 

50.0 

49.28 

0.72 

1.015 

3 

63.16 

62.15 

1.01 

1.016 

4 

75.60 

74.39 

1.21 

1.016 

5 

96.80 

96 . 00  c 

0.80 

1.0084 

Average  correction  factor 

1.016 

o  Analyzed  samples  1  and  3  were  obtained  from  the  Union  Carbide  a.nd 
Carbon  Research  Laboratories,  Niagara  Falls,  N.  Y.;  samples  2,  4,  and  5 
(refined  silicon)  are  Bureau  of  Standards  samples  59,  58,  and  57,  respectively. 
b  Each  value  represents  average  of  duplicate  determinations. 
c  One-fourth  factor  weight  of  sample  was  used. 
d  Omitted  from  average. 


Procedure 

A  fusion  mixture  is  prepared  by  grinding  10  grams  of  an¬ 
hydrous  sodium  perchlorate  (8),  20  grams  of  anhydrous  sodium 
carbonate,  and  70  grams  of  sodium  peroxide  in  a  mortar  heated 
to  about  100°  C.  The  mixture  is  dried  for  1  hour  at  110°  C. 
and  kept  in  a  desiccator. 

About  1  gram  of  the  fusion  mixture  is  melted  in  a  16-ml. 
nickel  crucible,  which  is  slowly  rotated  as  the  melt  sets  to  pro¬ 
duce  a  uniform  lining  about  0.47  cm.  (Vis  inch)  in  height.  A 
0.2336-gram  sample  (one-half  factor  weight)  of  ferrosilicon, 
ground  to  200-mesh  and  dried  for  1  hour  at  110°  C.,  is  carefully 
mixed  with  3  grams  of  the  fusion  mixture  in  the  lined  crucible 
with  an  iron  rod.  Particles  adhering  to  the  rod  and  to  the  sides 
of  the  crucible  are  brushed  down,  and  the  mixture  is  covered  with 
about  1  gram  of  the  fusion  mixture. 

The  mixture  is  fused  by  revolving  the  crucible  around  the 
outer  edge  of  a  low  burner  flame.  At  the  beginning  of  the 
reaction,  which  is  detected  by  a  characteristic  sound,  the  crucible 
is  set  aside  for  about  3  minutes,  after  which  it  is  heated  at  700°  C. 
for  15  minutes.  The  crucible  when  slightly  cooled  is  inverted 
over  the  opening  of  a  Parr  bomb  plate  which  is  placed  over  a 
200-ml.  platinum  dish.  The  melt  may  be  removed  easily  by 
tapping  the  bottom  of  the  crucible,  although  it  is  sometimes 
necessary  to  heat  the  crucible  for  a  moment  with  a  burner. 

The  platinum  dish  is  partly  covered  with  a  watch  glass  and  60 
to  75  ml.  of  water,  followed  by  12.5  ml.  of  12  N  hydrochloric  acid, 
are  added  to  the  melt.  The  crucible  is  rinsed  with  about  10  ml. 
of  water,  filled  with  3  N  hydrochloric  acid  which  is  left  until  the 
residue  has  completely  dissolved,  and  again  rinsed  with  water. 
All  the  washings  are  to  be  added  to  the  contents  of  the  dish.  The 
analysis  is  rejected  if  any  particles  of  unreacted  ferrosilicon  are 
observed. 

The  acidic  solution  is  transferred  to  a  400-ml.  Pyrex  beaker, 
and  50  ml.  of  70  per  cent  perchloric  acid  are  added.  The  mixture 


is  concentrated  to  heavy  white  fumes  over  a  hot  plate  set  at  85° 
to  135°  C.;  the  evaporation  may  be  greatly  hastened  by  the  use 
of  a  drying  lamp.  The  beaker,  covered  with  a  Pyrex  watch 
glass,  is  then  heated  above  200°  C.  for  20  minutes,  during  which 
the  acid  should  boil  freely  and  reflux  along  the  sides  of  the  beaker. 

The  mixture  is  cooled  to  about  100°  C.,  diluted  with  200  ml.  of 
boiling  water,  and  digested  over  a  steam  bath  for  15  minutes. 
The  precipitate  is  washed  three  times  with  hot  1  per  cent  hydro¬ 
chloric  acid,  using  a  total  of  125  ml.,  transferred  to  a  41-H 
Whatman  filter  paper  {2),  and  washed  six  times  with  hot  water. 

The  precipitate  is  ignited  in  a  platinum  crucible  at  1050°  C. 
for  30  minutes,  after  the  paper  has  been  charred  and  burned  over 
a  low  flame.  The  crucible  is  cooled  in  a  desiccator  and  weighed. 
The  silica  is  moistened  with  concentrated  sulfuric  acid,  and 
dissolved  in  15  to  20  ml.  of  pure  48  per  cent  hydrofluoric  acid. 
The  solution  is  evaporated  to  dryness,  and  the  crucible  weighed 
again. 

The  per  cent  of  silicon  in  the  sample  is  found  by  multiplying 
the  weight  of  silica  (loss  by  hydrofluoric  acid  treatment)  by 
203.2,  which  is  the  product  of  200  and  a  correction  factor  of 
1.016  (Table  I). 


Discussion 

Practically  all  the  sources  of  error  in  the  procedure  are 
negative,  as  Hawley  (4)  and  others  (6)  have  pointed  out 
in  connection  with  similar  determinations.  The  most  signifi¬ 
cant  error  results  from  the  loss  of  a  definite  amount  of  silicic 
acid  which  escapes  dehydration,  but  conditions  may  be  con¬ 
trolled  in  such  a  way  that  the  total  loss  of  silica  is  nearly 
proportional  to  the  per  cent  of  silica  in  the  sample.  A  cor¬ 
rection  factor  may  therefore  be  introduced  to  avoid  the  ne¬ 
cessity  of  a  second  dehydration. 

It  is  evident  from  the  calculations  summarized  in  Table  I 
that  highly  precise  results  may  be  obtained  for  ferrosilicons 
containing  approximately  25  to  75  per  cent  of  silicon  by 
applying  the  correction  factor  of  1.016.  The  factor  should 
be  checked  occasionally  by  the  analysis  of  a  ferrosilicon  of 
known  silicon  content,  particularly  if  the  procedure  is  changed 
significantly.  For  instance,  the  method  may  be  applied  to 
refined  silicon  by  reducing  the  size  of  the  sample  to  one- 
fourth  factor  weight  if  a  correction  factor  of  1.008  is  used. 

Summary 

In  a  simplified  method  for  the  determination  of  silicon  in  a 
comparatively  wide  range  of  ferrosilicon  samples,  the  sample 
is  fused  with  a  mixture  of  sodium  peroxide,  sodium  carbonate, 
and  sodium  perchlorate.  The  melt  is  then  decomposed  with 
water  and  hydrochloric  acid,  and  the  resulting  silicic  acid  is 
dehydrated  with  perchloric  acid.  A  correction  factor  is  in¬ 
troduced  to  eliminate  the  necessity  for  a  second  dehydration. 
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Photoelectric  Fluorimeter  a 


RICHARD  P.  KREBS1  AND  H.  J.  KERSTEN 

Department  of  Physics,  University  of  Cincinnati, 
Cincinnati,  Ohio 


THE  alternating  current-operated  fluorimeter  shown  in 
Figure  1  attains  its  sensitivity  by  the  use  of  vacuum 
photocells  whose  current  is  amplified  by  an  electronically 
stabilized  feedback  amplifier  of  conventional  design,  similar 
to  that  described  by  Krebs,  Perkins,  Tytell,  and  Kersten  (i). 

An  ultraviolet  lamp  housed  in  a  cylinder  open  at  both  ends 
(C,  Figure  1)  provides  the  light  which  passes  through  four  0.47 
X  2.5  cm.  (Vis  X  1  inch)  vertical  slits  and  emerges  in  the  direc¬ 
tion  of  the  white  arrow.  The  cells  for  holding  the  liquid  whose 
fluorescence  is  to  be  determined  are  supported  on  two  platforms 
of  an  “elevator”.  One  cell  is  shown  in  position  at  G  and  the 
platform  for  the  other  is  at  E.  Part  of  the  fluorescence  from  the 
liquid  enters  two  photocells  contained  in  housings  (one  shown  at 
F  and  the  other  opposite  it)  after  it  passes  through  filters  held  in 
position  at  D.  One  of  the  two  windows  through  which  the 
fluorescent  light  passes  is  shown  at  H  and  the  other  is  opposite  it. 
The  filters  may  be  selected  to  transmit  a  part  of  the  fluorescent 
light  without  transmitting  too  much  of  the  light  diverted  toward 
the  photocells  from  the  ultraviolet  beam  by  the  liquid.  A  liquid 
which  does  not  fluoresce  will  then  have  a  reading  of  almost  zero 
on  the  meter. 

After  the  fluorimeter  is  wired,  R5  is  adjusted  until  the  voltage 
across  the  filament  leads  of  T 9  is  12.6.  This  is  the  only  perma¬ 
nent  adjustment  which  need  be  made.  To  measure  fluorescence 
with  the  instrument,  S2  is  closed;  after  about  a  minute  SI  is 
closed,  the  ultraviolet  lamp  is  turned  on,  and  the  whole  apparatus 
is  allowed  to  warm  up  for  15  minutes.  The  liquid  is  then  poured 
into  cell  G  and  the  solvent  into  a  similar  cell  which  is  placed  on 
the  platform  at  E.  The  door  is  closed  and  the  meter  brought  to 
zero  by  turning  rheostats  A 12  and  If9  (one  is  for  coarse  and  the 
other  for  fine  adjustment).  Next,  cell  G  is  raised  to  a  position 
formerly  occupied  by  the  one  on  platform  E  by  means  of  rod  A 
which  slides  without  rotating  in  tube  B.  The 
reading  of  the  meter  will  then  indicate  a  num¬ 
ber  proportional  to  the  fluorescent  light  from 
the  sample.  The  cells  are  raised  and  lowered 
several  times  to  assure  the  operator  that  the 
circuit  and  the  light  have  remained  in  a  stable 
state  during  the  several  seconds  needed  to  take 
the  readings.  One  may  also  use  only  one  cell, 
in  which  case  the  meter  is  set  to  zero  when  this 
cell  is  in  position  G. 

The  sensitivity  of  the  instrument  depends  on 
the  size  of  the  resistor,  iflO.  Figure  3  shows 
a  calibration  curve  made  when  A 10  had  a  value 
of  1000  megohms.  The  ultraviolet  lamp  was 
found  to  be  exceedingly  stable  against  voltage 
fluctuations,  probably  because  its  gaseous  dis¬ 
charge  acted  as  a  negative,  while  its  trans¬ 
former  acted  as  a  positive  resistance,  resulting 
in  a  combination  which  produced  a  fixed  light 
output  independent  of  small  line  voltage  varia¬ 
tions. 

The  following  parts  are  needed:  Rl,  5000 
ohms,  0.5  watt;  R2,  7500  ohms,  10  watts;  if3, 

100,000  ohms,  2  watts;  RA,  5000  ohms,  10  watts; 

R5,  100,000-ohm  potentiometer;  if6,  100,000 
ohms,  2  watts;  R7,  1000  ohms,  25  watts,  ad¬ 
justed  so  that  0.15  ampere  flows  through  it; 
if 8,  2500  ohms,  2  watts ;  if 9,  1000-ohm  poten¬ 
tiometer;  if 10,  1000  megohms;  if  11,  150  ohms, 

0.5  watt ;  if 12,  1000-ohm  potentiometer;  if  13, 

50,000  ohms,  2  watts ;  ifl4, 3  megohms,  2  watts ; 
if 15,  120,000  ohms,  2  watts;  if 16,  20,000  ohms, 

0.5  watt ;  Cl  16-mfd.,  450-volt,  electrolytic 
condenser;  B 1,  22.5-volt  B-battery  (this  will 
need  to  be  changed  about  once  per  year); 

M,  0-200  microammeter;  »S'l,  double-pole 
single-throw  toggle  switch;  S2,  double¬ 
pole  single-throw  toggle  switch;  TR,  Thor- 
darson  T13R09  transformer;  CHI,  Thordarson 

1  Present  address,  National  Advisory  Committee  for 
Aeronautics,  Langley  Field,  Va. 
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Figure  3.  Graph  Obtained  with  Fluorimeter  Using 
Quinine  Sulfate  in  0.1  N  Sulfuric  Acid 


The  ultraviolet  lamp  is  a  Westinghouse  BH-4,  100-watt  with  a 
natural  red-purple  bulb.  A  special  transformer  and  socket  for 
the  lamp  are  also  needed.  The  filters  are  Corning  5  cm.  (2 
inches)  square,  polished;  those  used  for  the  curve  shown  in 
Figure  3  were  No.  4308,  3.14  mm.  thick,  and  No.  3389,  1.51  mm. 
thick.  The  cell  used  for  Figure  3  had  a  capacity  of  25  ml.  and 
was  made  of  glass  with  one  window  of  ultraviolet  transmitting 
glass  to  permit  a  larger  amount  of  the  ultraviolet  light  to  enter 
the  liquid.  Many  liquids  will  fluoresce  enough  to  give  satis¬ 
factory  readings  when  ordinary  glass  cells  are  used. 
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A  Constant  Pressure  and  Flow  Ratio  Regulator 
for  Continuously  Mixing  Two  Gases 

N.  L.  HEIKES1,  Shell  Development  Company,  Emeryville,  Calif. 


A  FLOW  regulator  was  required  which  would  introduce 
two  components  of  a  gas  mixture  into  a  reaction  cham¬ 
ber  at  a  constant  predetermined  ratio  of  flows  and  a  constant 
reaction  pressure,  regardless  of  variations  in  reaction  chamber 
pumping  speed,  rate  of  chemical  reaction,  initial  pressures, 
and  differential  consumption  rates  of  reactants. 

The  following  system  meets  these  requirements,  and  while 
it  was  designed  for  flows  of  each  gas  in  the  range  0.40  to  20.0 
cc.  per  second  at  50  to  200  mm.  of  mercury,  it  should  be 
equally  applicable  to  other  flow  and  pressure  ranges.  The 
design  is  such  that  sparking  regulator  contacts  are  not  ex¬ 
posed  to  the  mixed  gases.  Thus  even  with  a  pair  of  gases 
which  form  an  inflammable  mixture,  there  is  no  danger  of 
spark  ignition. 

A  constant  flow  ratio  is  maintained  on  the  principle  that 
the  ratio  of  flows  through  two  resistances  will  remain  constant 
regardless  of  changes  in  absolute  values  of  pressure  or  flow, 
providing  the  ratio  of  the  mean  pressures  remains  constant. 
For  a  reactor  feed  system,  where  the  reactor  pressure  is  the 
common  final  pressure  of  the  two  gas  inlet  systems,  this 
condition  can  be  readily  maintained  by  establishing  and 
maintaining  an  equality  of  pressures  between  the  inlet  lines 
at  some  other  point,  for  the  ratio  of  mean  pressures  in  the 
lines  between  this  point  and  the  reactor  thus  remains  con¬ 
stant  at  1.  This  can  be  accomplished  by  a  control  U-tube 
manometer. 

Description 

A  schematic  diagram  of  the  flow  system  and  the  electrical 
circuits  is  shown  in  Figure  1.  The  control  manometer,  F ,  has 
two  fixed  electrical  contacts  on  one  limb.  Valves  A  and  B 
between  the  limbs  of  manometer  F  and  the  flowmeters,  M  and 
Q,  provide  the  desired  adjustment  of  ratio  of  resistances  in  the 
lines  between  F  and  the  reactor.  E  is  an  open  manometer,  for 
control  of  pressure ;  it  has  a  movable  double  contact  arm  in  the 
open  side.  The  contacts  are  slightly  displaced  vertically  in  E 

1  Present  address.  Bungalow  3,  508  Brinley  Ave.,  Bradley  Beach.  N.  J. 


and  F.  Both  manometers  are  sufficiently  long  to  allow  evacua¬ 
tion  of  any  portion  of  the  system,  and  both  have  a  third  con¬ 
tact  sealed  into  the  bottom. 

All  manometer  tubes  should  be  at  least  10  mm.  in  inside 
diameter  to  prevent  excessive  sticking  of  the  mercury  meniscus. 
Manometer  F  is  filled  with  mercury  to  a  position  midway  be¬ 
tween  the  contact  points  when  both  sides  are  balanced. 

The  motor-driven  valves  C  and  D,  details  of  which  are  shown 
in  Figure  2,  are  a  modified  form  of  the  valve  described  by  Fowler 
(7),  and  consist  of  a  thin-walled  brass  tube,  flattened  and  bent 
into  a  U.  The  valve  is  opened  or  closed  by  expanding  or  con¬ 
tracting  the  U  by  means  of  a  rotating  lead  screw. 

For  other  flow  ranges,  different  sizes  of  tubing  from  that  shown 
will  be  necessary.  An  ordinary  needle  valve  is  satisfactory  for 
the  higher  flow  speeds. 

The  lead  screw  of  the  U-type  valve,  or  the  stem  of  the  needle 
valve,  is  turned  by  a  4  r.  p.  m.  Telechron  motor,  Type  C2M. 
By  reversing  one  of  the  pole  pieces  in  each  of  the  Telechron 
motors,  the  motors  can  be  made  to  turn  in  either  direction. 

The  choice  of  valve  operating  speeds  will  be  governed  mainly 
by  the  resistances  of  the  connecting  gas  lines  and  by  the  volume 
of  the  reactor.  These  lines  should  be  as  short  as  possible  for  the 
most  rapid  compensation  without  hunting.  In  the  present 
system,  it  was  necessary  to  place  the  reactor  about  360  cm. 
(12  feet)  from  the  control  apparatus  and  to  make  the  lines  of 
0.6-cm.  (0.25-inch)  inside  diameter  tubing;  thus,  a  rather  slow 
valve  operating  speed  was  required.  The  reactor  had  a  volume 
of  about  500  ml.  These  figures  may  serve  as  a  starting  point 
for  the  selection  of  speeds  for  other  conditions. 

Parts  1,  2,  3,  and  4,  in  Figure  1,  are  battery-operated  relays 
which  require  not  more  than  20  milliamperes  current  to  energize, 
and  have  load  capacities  of  0.2  ampere.  Double-pole  double- 
throw  relays  are  used  for  1,  2,  and  4,  and  a  single-pole  double¬ 
throw  relay  for  3.  Part  6  is  a  double-pole  double-throw  switch 
with  a  neutral,  or  “off”,  position,  for  changing  from  manual  to 
automatic  control  of  the  valves.  Group  7  consists  of  four 
double-pole  single-throw  push-button  switches  for  manual  con¬ 
trol  of  both  motors  in  either  direction. 

Testing  the  Circuit 

The  circuit  may  be  tested  by  shorting  manometer  con¬ 
tacts,  as  indicated  in  Table  I,  and  observing  the  response  of 
the  valves. 
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Operation 

Valves  A  and  B  are  first  opened  com¬ 
pletely,  battery  switch  5  is  closed,  and  switch 
6  is  turned  to  “manual”  position.  With  any 
arbitrary  pumping  speed  and  pressure,  the 
flow  ratio  is  adjusted  by  means  of  the  push¬ 
button  controls,  7.  This  will  probably  un¬ 
balance  manometer  F.  The  flow  rate  of  the 
reactant  which  has  the  lower  pressure  is  noted, 
and  then  valve  A  or  B,  whichever  is  on  the 
low  pressure  side,  is  gradually  closed,  and 
the  motor-driven  valve  on  the  same  side  is 
opened.  This  process  is  continued  until,  by 
a  series  of  approximations,  manometer  F  is 
balanced  and  the  original  flow  rate  is  re¬ 
stored.  The  desired  reactor  pressure  is  ad¬ 
justed  by  means  of  the  movable  contacts 
in  E.  Switch  5  can  now  be  changed  from 
“manual”  to  “automatic”,  and  the  system 
will  begin  regulating.  If  the  total  flow  speed 
requires  correction,  this  can  be  accomplished 
by  adjustment  of  valve  W.  This  will  not 
interfere  with  the  established  values  of  flow 
ratio  or  pressure.  In  subsequent  runs,  the 
original  conditions  will  be  automatically  re¬ 
stored,  providing  valves  A,  B,  and  W  are 
not  changed. 

Application 

The  unit  has  been  used  to  control  the 
input  of  two  reactants  into  a  chamber  in 
which  rapid  reaction  can  be  initiated; 
such  reaction  results  in  a  sudden  pressure 
change  of  some  30  per  cent.  The  regulator 
satisfactorily  restores  the  pressure  to  its 
original  value  by  changing  the  flow  speed 
of  the  component  gases,  without  changing 
the  component  ratio.  Even  with  the  long 
lines  which  the  author  used  to  connect 
reactor  and  regulator,  the  time  to  com¬ 
pensate  for  such  large  pressure  changes 
was  only  on  the  order  of  a  minute,  after 
which  compensation  for  minor  fluctuations 
was  much  more  rapid  and  was  generally 
made  to  a  constancy,  in  both  pressure  and 
flow  speed,  of  about  1  per  cent.  At  the 
lower  end  of  the  range  of  flow  speeds  hunt¬ 
ing  set  in  to  some  extent,  but  this  could  be 
readily  eliminated,  if  desired,  by  reducing 
the  speed  of  the  valve  motors,  by  using  interchangeable  lead 
screws  of  lower  pitch,  or  by  reducing  the  length  of  the  flow 
lines  between  regulator  and  reactor. 


Table  I.  Manometer  Contacts 

Contacts  b 


Conditions 

Manometer  F 

Manometer  E 

Motor  Valves 

Flow  ratio0 

Pressure 

Upper 

Lower 

Upper 

Lower 

Gas  1 

Gas  2 

Gas  1  high 

High 

In 

In 

In 

In 

Closes 

Gas  2  high 

High 

Out 

Out 

In 

In 

. , 

Closes 

Balanced 

High 

Out 

In 

In 

In 

Closes 

Closes 

Gas  1  high 

Balanced 

In 

In 

Out 

In 

Opens 

Gas  2  high 

Balanced 

Out 

Out 

Out 

In 

Opens 

Balanced 

Balanced 

Out 

In 

Out 

In 

Gas  1  low 

Low 

Out 

Out 

Out 

Out 

Opens 

Gas  2  low 

Low 

In 

In 

Out 

Out 

Opens 

Balanced 

Low 

Out 

In 

Out 

Out 

Opens 

Opens 

Figure  2.  Motor-Operated  Valve  for  Small  Flow 

Rates 


°  “High”  and  “low”  refer  to  required  flow. 

6  “In"  and  “out”  indicate  that  particular  contacts  are  in  or  out  of  mercury, 
and  therefore  corresponding  circuits  should  be  closed,  or  opened,  respectively. 
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Analytical  Patterns  in  the  Study  of  Mineral 

and  Biological  Materials 

HERMAN  YAGODA* 1 
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DURING  the  past  half  century  numerous  investigators  have 
devised  printing  methods  whose  primary  object  was  to 
ascertain  the  distribution  of  a  particular  component  in  the 
samples  studied  by  them.  These  isolated  individual  methods 
include  autoradiography  employed  by  mineralogists  in  the 
study  of  radioactive  inclusions  in  rocks  (36,  50),  the  methods 
of  sulfide  (6),  phosphide  (37),  and  iron  oxide  (57)  printing 
employed  in  metallurgical  laboratories,  and  the  more  generally 
applicable  electrographic  method  devised  by  Glazunov  for  the 
study  of  liquations  in  alloys  (1 4--1 6 , 1 8-26) . 

When  an  effort  is  made  to  correlate  these  diverse  techniques, 
one  can  visualize  the  development  of  a  system  of  two-dimen¬ 
sional  analytical  chemistry  in  which  a  selected  plane  of  the 
massive  sample  plays  a  role  similar  to  that  of  the  representa¬ 
tive  sample  of  powdered  material  in  classical  analysis.  The 
primary  object  of  such  a  system  of  analysis  would  be  to  reveal 
the  mode  of  distribution  of  the  chemical  components  as  an 
adjunct  to  the  established  methods  of  qualitative  and  quanti¬ 
tative  analysis.  This  analytical  approach  frequently  facili¬ 
tates  the  detection  of  minor  constituents  where  these  have 
crystallized  as  distinct  units  and  permits  a  fairly  complete 
qualitative  analysis  of  the  major  components  without  causing 
appreciable  injury  to  the  prepared  surface.  Each  component 
is  characterized  by  an  “analytical  pattern”  which  may  be  de¬ 
scribed  as  an  imprint  of  the  surface  on  an  external  medium 
that  can  be  interpreted  in  terms  of  its  chemical  composition  as 
a  result  of  the  controlled  mechanism  of  its  formation. 


Table  I.  Classification  of  Analytical  Patterns 

A.  Produced  by  physical  agencies 

1.  Autoradiograph 

2.  Autoluminograph 

3.  Magnetograph 

B.  Produced  by  chemical  reactions 

1.  Contact  print 

2.  Electrographic  print 


Classification  of  Patterns 

The  analytical  patterns  can  be  classified  in  two  distinct 
groups  as  represented  in  Table  I.  In  the  first  classification 
are  those  patterns  made  possible  by  some  intrinsic  physical 

1  Present  address,  National  Institute  of  Health,  Division  of  Industrial 
Hygiene,  Bethesda,  Md. 


property  of  one  of  the  components,  such  as  radioactivity, 
characteristic  luminescent  effects,  or  the  presence  of  marked 
paramagnetism.  These  patterns  are  characterized  by  the 
absence  of  any  loss  of  sample  whatsoever  during  their  execu¬ 
tion  and  all  enjoy  the  simplicity  of  the  readily  available  pho¬ 
tographic  emulsion  as  their  recording  medium.  Such  simple 
physical  mechanisms  are  available  for  only  relatively  few  of 
the  elementary  constituents.  In  general  it  is  necessary  to 
strip  a  film  from  the  surface  by  some  appropriate  solvent  or 
electrolyte  and  then  to  make  its  components  evident  through 
the  use  of  selective  chemical  reactions. 

When  the  stripping  is  effected  by  means  of  solvents  the 
processed  pattern  is  commonly  known  as  a  contact  print.  In 
the  case  of  electrically  conducting  materials  the  surface  film 
can  be  transposed  electrolytically  and  the  finished  print  is 
termed  an  electrograph  (11,18).  These  chemical  methods  of 
stripping  do  not  involve  the  removal  of  a  complete  plane,  such 
as  would  be  secured  by  cutting  the  specimen  with  a  micro¬ 
tome.  Such  uniform  sampling  could  be  effected  only  in  the 
case  of  perfectly  homogeneous  metals.  In  general,  when  a 
solvent  acts  on  a  complex  surface  a  preferential  solubility 
usually  exists  for  one  or  more  of  the  components.  This  factor 
is  of  considerable  importance,  as  by  the  judicious  selection  of 
a  stripping  agent  it  is  often  possible  to  improve  the  specificity 
of  a  given  analytical  pattern. 

Of  the  patterns  produced  by  physical  agencies,  the  autora¬ 
diograph  is  by  far  the  most  important.  The  alpha-rays  emit¬ 
ted  by  radioactive  elements  activate  a  photographic  emulsion 
the  same  way  as  ordinary  light  rays.  This  actinic  action  was 
applied  by  Miigge  (55)  as  a  means  of  studying  the  distribution 
of  thorium  and  uranium  compounds  in  minerals  by  contacting 
the  specimen  with  an  emulsion  for  a  suitable  period  of  time 
and  noting  the  blackening  produced  on  subsequent  develop¬ 
ment.  A  thin  sheet  of  black  paper  or  aluminum  foil  is  usually 
placed  between  the  plate  and  the  specimen  to  avoid  direct 
chemical  action  or  to  prevent  luminescent  light  from  activating 
the  emulsion  and  thereby  interfering  with  the  specificity  of 
the  autoradiographic  pattern. 

The  period  of  exposure  varies  with  the  activity  of  the  specimen 
and  the  speed  of  the  film.  The  writer  has  found  the  small  3X4 
cm  x-ray  film,  in  common  use  by  dentists,  convenient  for  test 
purposes.  Although  it  is  possible  to  secure  an  image  by  simply 
placing  the  specimen  on  the  film  ensemble,  better  definition 
results  if  the  specimen  is  exposed  in  a  light-tight  can  directly 
against  the  film  removed  from  its  protective  jacket  of  paper  and 
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ten  (34).  The  same  mechanism  has  been  applied  in  the  identi- 
7  dfion  of  phosphorus  liquations  in  steels,  during  the  manu- 
ft  re  of  which  some  radio-phosphorus  has  been  added  (66) . 
T1  method  has  also  been  applied  to  the  study  of  minerals  that 
are  hot  naturally  radioactive.  By  exposing  polished  sections  of 
manganese  ores  to  electro  bombardment  in  a  cyclotron,  Good- 
mai  and  Picton  (28)  havt  secured  autoradiographic  patterns  of 
the  normally  nonradioactive  specimens  owing  to  the  formation 
of  radio-manganese.  Gooi  man  (27)  has  subsequently  demon¬ 
strated  that  this  novel  autoradiographic  technique  can  also  be 
applied  in  the  study  of  the  ores  of  tungsten,  gold,  arsenic,  sodium, 
potassium,  and  phosphorus. 

Among  the  other  physical  properties  of  matter  which  can 
be  utilized  on  occasion  in  the  formation  of  pa  ~ns  having 
analytical  significance  are  those  of  luminescence  and  magne¬ 
tism!.  The  latter  property  is  sufficiently  pronounced  only  in 
the  case  of  metallic  iron  and  some  of  its  mineral  occurrences, 
such  as  magnetite  and  pyrrhotite,  and  can  be  demonstrated 
by  sprinkling  iron  filings  on  a  biographic  printing  paper 
placed  over  the  magnetized  sp»  len.  This  property  is  of 
little  practical  importance,  as  an  non  pattern  is  more  readily 
made  by  chemical  methods.  The  writer  has  found  lumines¬ 
cent  'properties  serviceable  in  studying  the  homogeneous 
character  of  mineral  specimens.  After  exposure  to  ultra¬ 
violet  light,  many  substances  continue  to  luminesce  for  a 
considerable  period  after  their  removal  from  the  source  of 
initial  excitation.  Although  this  afterglow  is  usually  feeble 
and  can  be  observed  only  in  perfect  darkness,  it  is  of  sufficient 
intensity  to  activate  a  photographic  plate  when  it  is  brought 
in  direct  contact  with  it.  A  relatively  brief  exposure  of  2  or 
3  minutes  suffices,  so  that  there  is  very  little  danger  of  con- 
fusii  the  resultant  picture  with  the  pattern  produced  by  any 
radioactive  constituents  that  might  be  present.  This  simple 
mechanism  furnishes  a  permanent  record  of  the  evanescent 

Oil. 


Figure  1.  Autoradiograph  of  Pitchblende  from  Johann- 

GEORGENSTADT,  BOHEMIA 

Area  enlarged  50-fold,  exposure  24  hours.  Pattern  reveals  presence  of  very 
fine  veins  of  nonradioactive  material. 


lead  foil.  After  overnight  exposure  the  film  is  developed  with  a 
solution  consisting  of  one  part  of  Eastman  print  developer  D-72 
and  two  parts  of  water.  The  film  records  considerable  fine  detail 
of  the  radioactive  surface,  which  is  best  observed  on  an  enlarge¬ 
ment  print  (Figure  1). 

This  mechanism  was  employed  by  Lacassagne  (51)  as  a  means 
of  studying  the  distribution  of  polonium  salts  injected  into  the 
blood  stream  of  animals.  After  au¬ 
topsy  the  organs  were  fixed  and  thin 
sections  were  contacted  with  photo¬ 
graphic  plates.  The  intensity  of  the 
developed  images  served  as  a  measure 
of  the  distribution  of  the  polonium 
and  the  prints  frequently  exhibited 
the  cellular  detail  characteristic  of 
the  tissue.  The  localization  of  lead 
in  animal  organs  has  likewise  been 
established  by  Lomholt  (53)  and  in¬ 
dependently  by  Behrens  and  Bau¬ 
man  (7),  using  radio-active  isotopes 
of  lead  as  tracers.  The  autoradio¬ 
graphic  techniques  has  also  proved 
fruitful  in  the  study  of  occlusion 
within  large  crystals  grown  in  solu¬ 
tions  containing  traces  of  radio¬ 
active  ions  (S3),  and  in  investiga¬ 
tions  of  the  behavior  of  radio¬ 
active  elements  in  alloys  during 
melting,  rolling,  and  wire-drawing 
processes  (63,  64). 


The  field  of  autoradiography 
has  been  extended  with  the  dis¬ 
covery  of  methods  for  synthesiz¬ 
ing  radioactive  isotopes  of  the 
lighter  elements.  These  radioac¬ 
tive  isotopes  serve  as  indicators 
for  tracing  the  diffusion  of  the 
normal  elements  found  in  living 
structures  and  the  technique  can 
be  employed  wherever  a  radio¬ 
active  isotope  of  suitable  life  can 
be  synthesized  for  the  element  in 
question. 


The  assimilation  of  phosphorus 
in  plants  and  the  distribution  of 
iodine  in  thyroid  tissue  have  thereby 
been  recorded  by  Hamil- 


Figure  2.  Autoluminograph  of  Antozonite,  a  Variety  of  Fluorite  from  Ontario, 

Canada 

Area  enlarged  16-fold,  exposure  2  minutes.  White  luminescent  areas  are  produced  by  calcium  fluoride; 
black  nonluminous  veins  reveal  presence  of  intrusions,  which  on  analysis  proved  to  be  limestone  and 

silica. 
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luminescent  effect  and  is  particularly  useful  in  the  study  .of 
occluded  foreign  bodies  in  minerals  which  exhibit  the  prop  / 
(Figure  2). 

An  electrical  method  of  reproducing  surfaces  with  lo  v  re¬ 
lief,  such  as  leaves  of  plants  and  cr  ns,  has  been  described;  by 
Prat  and  Schlemmer  (5.9). 

,7  f 

In  this  method,  termed  electrognohy,  the  specimen  is  placed 
in  direct  contact  with  a  dry  photographic  emulsion  and  the  unit 
is  sandwiched  between  two  iron  plates  connected  to  the  secondary 
of  a  high-voltage  spark  coil.  After  a  brief  exposure  to  the  electric 
discharge  and  development  of  the  plate,  an  image  is  produced 
outlining  the  ridges  of  the  specimen  and  its  surrounding  corona 
discharge. 

This  process  does  not  yield  an  analytical  pattern,  since  the 
print  furnishes  no  information  about  the  chemical  composi¬ 
tion  of  the  specimen.  It  is  of  value,  however,  as  a  means  of 
recording  the  path  of  *  high-voltage  pulsating  current 
through  the  material  ui  g  investigation,  and  suggests  an 
extension  of  the  electrogi  uphic  method  to  samples  composed 
of  conducting  particles  embedded  in  a  nonconducting  r  matrix. 

The  sulfur  print  method  for  exhibiting  the  distribution  of 
sulfides  in  iron  alloys  is  one  of  the  earliest  examples  of  an 
analytical  pattern  produced  by  chemical  reaction  (6). 

This  imprint  is  secured  by  pressing  the  polished  section  against 
a  sheet  of  photographic  paper  that  has  been  moistened  with  2 
per  cent  sulfuric  acid  and  maintaining  the  contact  for  about  2 
minutes.  The  acid  causes  the  evolution  of  hydrogen  sulfide, 
which  reacts  with  the  silver  halides  to  form  dark  brown  silver 
sulfide.  A  permanent  print  is  secured  by  rinsing  off  the  acid, 
fixing  in  a  hypo  bath,  and  washing  in  running  water.  TT-?  con¬ 
tact  printing  method  has  since  been  applied  to  the  identi  ation 
of  phosphate  minerals  in  rocks  by  Leitmeier  (52),  to  copper, 
nickel,  cobalt,  and  iron  oxide  liquations  by  Niessner  (58),  and  in 
the  investigation  of  mineral  sections  by  Gutzeit  (31). 

The  electrograph’  -T-Whod  of  printing,  devised  by  Glazu¬ 
nov  (17)  and  inu^  cr^tly  by  Fritz  (11),  is  essentially  a 
reversal  of  the  principle  employed  in  electroplating. 

In  this  method  an  absorbent  paper  moistened  with  a  suitable 
electrolyte  is  inserted  between  a  cathode  of  inert  material  such 
as  aluminum  and  the  polished  face  of  the  alloy  which  serves  as  the 
anode.  This  unit  is  connected  to  a  battery  of  dry  cells  and  a 
current  is  allowed  to  flow  for  several  seconds.  During  this 
electrical  exposure  ions  leave  the  surface  of  the  specimen  and 
migrate  into  the  permeable  medium,  where  their  presence  can  be 
made  manifest  by  reaction  with  selective  reagents.  The  sim¬ 
plicity  and  elegance  of  this  technique  soon  attracted  many  dev¬ 
otees,  who  applied  the  method  to  the  solution  of  problems  in 
metallurgy  (1,  35,  45,  46),  mineralogy  (31,  47),  and  biology  (67). 

The  electrographic  method  is  of  course  applicable  only  to 
materials  that  are  conductors  of  the  electric  current.  While 
the  number  of  conducting  minerals  constitutes  only  a  minor 
fraction  of  all  the  known  species,  many  of  the  conducing 
minerals  are  fairly  common  and  are  often  ores  of  economic 
importance,  such  as  galena,  pyrites,  and  sulfide  minerals  in 
general.  In  the  biological  field  the  method  is  applicable  to 
the  localization  of  those  constituents  which  are  normally  pres¬ 
ent  within  the  tissue  in  an  ionic  state. 

The  Media 

The  ideal  medium  for  the  execution  of  patterns  by  chemical 
agencies  is  one  that  is  structureless,  is  preferably  transparent, 
conducts  the  electric  current,  is  resistant  to  the  action  of  the 
etching  and  developing  reagents,  and  finally  does  not  become 
distorted  while  drying.  While  no  one  of  the  media  listed  in 
Table  II  meets  all  the  requirements,  a  good  approximation  is 
usually  available  to  meet  the  demands  of  individual  patterns. 

Absorbent  smooth-textured  papers  are  satisfactory  as  print¬ 
ing  media  only  when  an  image  of  the  macrostructure  of  the 
specimen  suffices  for  the  study.  Any  attempt  at  magnifying 


Table  II.  Media  Suitable  for  Analytical  Patterns 

1.  Hardened  absorbent  papers 

2.  Gelatin-coated  paper 

3.  Gelatin  plates  and  films 

4.  Thin  plaster  castings 

5.  Transparent  water-permeable  plastics 


the  pattern  brings  out  the  fibrous  structure  of  the  medium  and 
prevents  observation  of  detail.  The  outstanding  advantage 
of  this  medium  is  its  extreme  resistance  to  the  action  of  con¬ 
centrated  volatile  acids,  and  if  a  prehardened  paper  is  selected 
such  as  C.  S.  &  S.  507,  it  will  exhibit  little  shrinkage  after 
washing. 

Dense  paper  coated  with  a  film  of  pure  hardened  gelatin  makes 
a  satisfactory  medium  for  contact  and  electrographic  work  which 
permits  the  resolution  of  fine  detail  on  the  developed  pattern. 
Such  paper,  free  from  silver  halides,  can  be  obtained  from  manu¬ 
facturers  of  photographic  paper.  The  dense  backing  of  the 
gelatin-coated  paper  is  rendered  electrically  conducting  by  allow¬ 
ing  the  sheets  to  soak  in  a  bath  of  a  suitable  electrolyte  for  at 
least  10  minutes.  The  gelatin  coating  tends  to  hydrolyze  on 
prolonged  action  of  strong  mineral  acids;  nevertheless  the 
medium  can  be  employed  for  contact  printing,  provided  the  acids 
are  cold,  and  are  diluted  with  equal  volumes  of  water  and  the 
paper  is  washed  shortly  after  the  development  process.  The 
opaque  backing  necessitates  the  observation  of  the  print  by  re¬ 
flected  light  and  requires  a  microscope  provided  with  a  vertical 
illuminator  if  photomicrographs  of  the  pattern  are  to  be  made. 

Transparent  nonconducting  gelatin-coated  films  suitable  for 
contact  printing  can  be  made  by  extracting  the  silver  halides 
from  photographic  film  and  hardening  the  gelatin  coating.  This 
is  accomplished  by  placing  the  film  in  a  chrome  alum  hypo  bath 
for  20  minutes,  washing  in  running  tap  water  for  about  1  hour, 
agitating  in  distilled  water  for  about  15  minutes,  and  finally  dry¬ 
ing  in  a  dust-free  atmosphere.  The  chief  advantage  of  this 
medium  over  gelatin  paper  in  contact  printing  resides  in  its 
transparency.  This  permits  the  projection  of  the  print  onto  a 
screen  and  its  microscopic  examination  by  means  of  transmitted 
light. 

In  an  effort  to  develop  a  transparent  medium  that  also  conducts 
the  electric  current,  it  was  discovered  that  certain  varieties  of 
commercial  cellophane,  that  have  not  been  waterproofed,  serve 


Figure  3.  Microphotographic  Detail  from  Lead  Pattern 
of  Section  of  Bronze,  X20 

Bronze  contacted  for  15  seconds  against  plaster  casting  moistened  with  1 
per  cent  acetic  acid.  Lead  entering  solution  is  immediately  fixed  on 
medium  as  lead  sulfate,  which  is  rendered  visible  by  conversion  to  black 
lead  sulfide  on  exposure  to  hydrogen  sulfide  vapors.  Microscopic  ex¬ 
amination  of  pattern  demonstrates  that  lead  is  segregated  in  minute 
spherules  within  bronze  matrix. 
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Figure  4.  Cross-Sectional  View  of  Mold  for  Cast¬ 
ing  Thin  Sheets  of  Plaster  of  Paris 

-4.  Hardwood  block  D ,  Angle  railing  machined 

B.  Glass  backing  plate  from  metal  or  plastic 

C.  Glass  surfacing  plate  E.  Slurry  of  plaster  of  Paris 


as  conductors  of  the  second  class  when  moistened  with  an  elec¬ 
trolyte.  The  thin  film  is  subject  to  shrinkage  while  drying  so 
that  it  is  serviceable  only  in  the  examination  of  macrostructures. 
The  distortion  of  the  image  can  be  minimized  by  preshrinking 
the  cellophane  in  a  water  bath  and  drying  prior  to  its  being  mois¬ 
tened  with  an  electrolyte.  This  medium  is  particularly  adapted 
to  the  study  of  the  iron  pattern  in  conjunction  with  potassium 
ferrocyanide  as  the  developing  agent,  as  the  blue  image  exhibits 
no  bleeding  during  the  washing  process,  in  marked  contrast  to 
the  behavior  on  the  surface  of  most  other  media. 

The  thin  castings  of  plaster  of  Paris  developed  by  the  writer 
for  producing  sodium  and  potassium  patterns  of  vital  tissue 
(67)  have  unique  properties  which  merit  attention.  When 
the  plaster  casting  is  moistened  with  water  it  furnishes  its  own 
electrolyte  in  the  form  of  a  dilute  solution  of  calcium  sulfate. 
By  virtue  of  the  fixed  source  of  sulfate  ion,  the  medium  serves 
as  a  reagent  for  the  fixation  of  lead  sulfate.  These  inherent 
properties  offer  a  very  simple  approach  to  the  study  of  lead 
patterns  (Figure  3).  Water-insoluble  reagents  such  as  zinc 
sulfide,  barium  carbonate,  aluminum  oxide,  etc.,  are  readily 
incorporated  into  the  plaster  sheet  during  the  casting  process. 
This  makes  the  medium  of  value  not  only  in  electrographic 
work  but  also  in  many  other  analytical  techniques  where  a 
fine-grained  capillary  matrix  sensitized  with  such  reagents  is 
of  importance,  as  in  spot  tests,  in  capillary  analysis,  and  in  the 
execution  of  microchromatographic  separations  of  complex 
organic  materials. 

The  following  process  is  employed  by  the  writer  for  the 
preparation  of  thin  plaster  sheets  that  are  substantially  free 
from  minute  air  bubbles: 

The  glass  backing  plate  (Figure  4,  B )  is  cleaned  with  alcohol, 
placed  in  the  mold,  and  rubbed  dry  with  a  soft  lintless  paper. 
To  fill  a  cast  having  a  total  volume  of  20  ml.,  30  grams  of  plaster 
are  added  to  a  50-ml.  beaker  containing  20  ml.  of  distilled  water 
and  the  mixture  is  rubbed  into  a  uniform  paste  with  the  aid  of 
a  rubber-tipped  rod.  The  thin  paste  is  immediately  transferred 
to  the  center  of  the  backing  plate  and  the  entire  mold  is  bounced 
against  a  sponge  rubber  mat  with  sufficient  force  to  cause  the 
mix  to  spread  over  the  greater  area  of  the  plate.  The  surface  is 
then  aerated  momentarily  with  ethyl  alcohol  vapor,  and  the  mold 
is  again  briefly  agitated.  The  vibration  brings  the  air  bubbles 
to  the  surface,  where  they  can  be  destroyed  by  the  lowering  of 
the  surface  tension  caused  by  the  alcohol  vapor.  This  process 
is  continued  until  the  ascension  of  the  occluded  air  ceases,  .but 
should  not  be  prolonged  for  more  than  2  minutes. 

The  unit  is  now  removed  from  the  rubber  mat  and  the  mold  is 
tilted  sufficiently  for  the  mix  to  flow  towards  the  lower  rail. 
The  heavy  surfacing  plate,  C,  is  then  placed  on  the  lower  rail  and 
rotated  downwards  with  a  slow  firm  motion  until  it  is  brought 
in  contact  with  the  opposite  support.  The  excess  plaster  is 
wiped  off,  and  about  15  minutes  later,  when  the  plaster  has  set, 
the  upper  plate  is  removed  by  wedging  a  thin  blade  under  its 
corners.  The  rails  are  removed  and  the  bottom  plate  with  its 
adhering  sheet  of  plaster  is  set  aside  to  dry  at  a  temperature  not 
exceeding  80°  C.  It  is  good  practice  to  make  several  castings 
late  in  the  afternoon  and  to  permit  the  sheets  to  dry  slowly  at 


room  temperature  overnight.  When  thoroughly  dry,  the  casting 
separates  readily  from  its  backing  plate.  The  sheets  are  then 
cut  into  squares  of  suitable  size  by  making  scratch  lines  with  a 
razor  blade  and  bending  the  plaster  along  the  lines  of  demarcation. 

The  thickness  of  the  plaster  castings  can  be  varied  from  about 
0.4  mm.  and  up  by  selecting  rails  of  suitable  gage  and  grinding 
them  down  to  the  desired  height.  It  is  well  to  standardize  on 
sheets  1  mm.  thick,  as  these  possess  adequate  mechanical  strength 
and  are  sufficiently  translucent  to  permit  the  observation  of 
colored  compounds  by  transmitted  light.  In  the  preparation  of 
specially  sensitized  castings  with  water-insoluble  reagents,  the 
water  employed  in  the  casting  process  is  replaced  by  an  equal 
volume  of  a  thin  suspension  of  freshly  precipitated  and  washed 
reagent.  In  making  plaster  sheets  for  chromatographic  analysis, 
about  20  per  cent  of  powdered  alumina  or  dry  precipitated  chalk 
is  added  to  the  plaster  powder  and  mixed  with  the  water  as  in 
the  standard  casting  procedure.  The  plaster  medium  itself  fre¬ 
quently  serves  as  a  chromatographic  adsorbent. 

Preparation  of  the  Specimen 

Minerals  sectioned  by  any  one  of  the  standard  procedures 
employed  in  petrographic  laboratories  for  microscopic  exami¬ 
nation  of  their  structure  are  also  suited  for  the  preparation  of 
their  analytical  patterns.  The  equipment  necessary  for 
mounting  specimens  in  plastics  may  not  always  be  available 
and  the  following  simple  and  inexpensive  procedure  will  be. 
found  adequate. 


Figure  5.  Press  for  Execution  of  Analytical 
Patterns 

A.  Wooden  block  with  groove  lined  with  lead  foil 

B.  Electrode  sliding  on  A 

C.  Paper  pad  similar  to  C.  S.  &  S.  No.  470 

D.  Medium  for  recording  pattern 

E.  Lead  casting 

F.  Sealing  wax 

G.  Fusible  metal 

H.  Embedded  specimen 
K.  Plastic  screw  cap 


The  sample  is  first  trimmed  to  fit  into  a  plastic  screw  cap 
about  3  to  4  cm.  in  diameter,  the  greater  part  of  whose  top  has 
been  drilled  away,  so  that  substantially  only  a  threaded  wall  re¬ 
mains  (Figure  5,  K ).  An  approximately  plane  surface  is  then 
prepared  by  grinding  the  specimen  on  a  glass  plate  covered  with 
a  slurry  of  100-mesh  Carborundum  powder  and  water  until  the 
desired  surface  is  exposed.  The  mineral  is  washed  free  from 
grit,  dried,  and  placed  in  an  oven  at  110°  C.  on  a  metal  plate 
covered  with  a  sheet  of  sized  paper.  After  about  5  minutes  the 
plate  is  removed  from  the  oven,  the  warm  specimen  is  covered 
with  the  screw  cap,  and  molten  sealing  wax  is  poured  through  the 
opening  until  the  cap  is  completely  filled.  Commercial  sealing 
wax  may  be  used,  but  it  is  best  to  prepare  one  free  from  inorganic 
fillers  by  heating  a  mixture  of  60  grams  of  flaked  shellac,  45  grams 
of  rosin,  and  23  ml.  of  turpentine  until  vigorous  bubbling  sets  in 
(61). 

When  the  unit  cools  to  room  temperature  the  mounting  is 
separated  from  the  paper  and  the  grinding  is  continued  until  the 
surface  of  the  mineral  is  exposed.  The  section  is  then  polished 
on  fine  emery  paper  until  the  scratches  from  the  grinding  process 
are  removed.  In  mounting  minerals  that  conduct  the  electric 
current,  only  the  lower  half  of  the  specimen  is  embedded  in  wax. 
After  solidification,  the  upper  half  is  scraped  free  from  any  ad- 
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hering  wax  and  tarnish  and  the  screw  cap  is  filled  with  a  low- 
melting  alloy.  One  suitable  for  this  purpose  can  be  prepared  by 
melting  together  50  parts  of  bismuth,  25  parts  of  lead,  and  12.5 
parts  each  of  tin  and  cadmium. 

Biological  materials  require  no  special  mounting  prior  to  their 
electrographic  analysis  when  the  constituents  exist  as  ions  in 
the  tissue.  A  parallel-faced  slice  about  4  mm.  thick  is  cut  from  a 
fresh  organ  and  is  drained  on  lintless  filter  paper  and  then  ex¬ 
posed  to  the  sensitized  emulsion.  The  orientation  of  non-ionic 
inorganic  constituents  can  be  established  by  destroying  the 
organic  matter  in  a  thin  section  and  making  contact  prints  of  the 
residual  ash.  The  slow  combustion  of  a  thin  section  of  tissue 
mounted  on  a  glass  slide  results  in  an  ash  skeleton  in  which  the 
inorganic  constituents  are  deposited  exactly  as  in  the  original 
tissue.  This  pattern,  analogous  to  the  total  ash  determination 
in  classical  analysis,  is  known  as  a  spodogram  (60).  The  ash 
resulting  from  the  microincineration  of  the  tissue  is  in  many 
respects  akin  to  a  polished  mineral  section  and  its  constituents 
can  be  studied  by  the  methods  of  contact  printing. 

Preparation  of  the  Pattern 

The  apparatus  employed  in  the  execution  of  the  patterns 
(Figure  5)  is  essentially  a  press  for  maintaining  uniform  con¬ 
tact  of  the  specimen  with  the  printing  medium. 

A  metallic  foil,  A,  serves  to  make  electrical  contact  with  a 
sliding  slab,  B.  This  electrode  may  be  of  any  inert  metal  such  as 
aluminum,  platinum-clad  steel,  or  heavily  silver-plated  brass. 
Hiller  (38,  41)  and  Gutzeit  (29)  employ  as  electrode  material  a 
layer  of  sponge  rubber  or  felt  covered  with  an  envelope  of  alu¬ 
minum  foil.  The  alkali  hydroxides  formed  during  the  electroly¬ 
sis  tend  to  corrode  the  cathode,  particularly  if  it  is  aluminum. 
Any  visible  corrosion  should  be  removed  by  burnishing  the  surface 
with  fine  steel  wool;  otherwise  it  will  constitute  an  added  irregular 
resistance  and  prevent  the  formation  of  a  perfect  image.  The 
paper  pad,  C,  between  the  cathode  and  the  medium,  D,  equalizes 
the  pressure  on  the  face  of  the  specimen  and  facilitates  uniform 
contact.  The  pad  is  rendered  conducting  with  an  appropriate 
electrolyte  and  is  drained  of  excess  fluid  before  being  placed  on 
the  electrode.  The  medium  is  likewise  moistened  with  electrolyte, 
and  buffering  and  developing  agents,  and  thoroughly  blotted 
between  absorbent  paper.  The  specimen  is  then  brought  in 
contact  with  the  medium,  by  lowering  it  at  an  angle,  so  as  to 
avoid  the  inclusion  of  air  bubbles.  The  electrode  with  its  as¬ 
sembly  is  transferred  to  the  groove  in  the  base  of  the  press,  so 
that  the  specimen  is  centered  with  reference  to  the  lead  casting, 
E,  which  when  lowered  subjects  the  specimen  to  a  reproducible 
pressure.  This  casting  should  wreigh  about  500  grams,  and  when 


necessary,  the  pressure  can  be  augmented  by  placing  added 
weights.  In  making  autoradiographic  prints  a  small  C-clamp 
suffices  for  contact  of  the  specimen  against  the  film. 

When  the  surface  is  to  be  stripped  electrolytically  the  electrodes 
are  connected  to  the  appropriate  terminals  of  a .  22.5-volt  B 
battery  in  series  with  a  variable  rheostat  of  about  500  ohms'  re¬ 
sistance  and  a  meter  having  a  range  of  about  100  milliamperes. 
Although  the  electrode  potentials  of  most  elements  is  below  3 
volts,  it  is  necessary  to  apply  a  much  higher  voltage  in  order  to 
overcome  the  resistance  of  poorly  conducting  minerals  and  the 
internal  resistance  of  the  medium.  The  duration  of  the  current 
seldom  exceeds  30  seconds,  the  optimum  exposure  being  deter¬ 
mined  by  trial  on  sucessive  prints.  Th£  intensity  of  the  current, 
and  its  duration  can  be  approximated  in  the  case  of  fairly  homo¬ 
geneous  specimens  with  the  aid  of  Faraday’s  second  law 

ti  =  96,500  Adn/W 

In  this  expression  i  is  the  current  in  amperes,  t  is  its  duration 
in  seconds,  A  is  the  area  of  the  polished  surface  in  sq.  cm.,  IF 
and  n  are  the  atomic  weight  and  valence  of  the  particular  ion 
whose  pattern  is  to  be  rendered,  and  d  is  the  weight  of  the  element 
in  grams  per  sq.  cm.  that  must  be  electrolyzed  in  order  to  produce 
the  desired  intensity  of  color  on  development. 

Experience  with  quantitative  drop  reactions  on  paper  shows 
that  in  general  50  micrograms  of  most  of  the  metals  produce 
brilliantly  colored  products  when  the  reaction  is  confined  to 
an  area  of  1  sq.  cm.  (70).  Using  this  density  factor  the  equa¬ 
tion  reveals  that  when  copper  is  electrolyzed  an  exposure  of 
15  milliamperes  for  10  seconds  per  sq.  cm.  of  surface  will  re¬ 
sult  in  a  print  of  good  color  intensity.  This  is  in  fair  agree¬ 
ment  with  actual  working  exposures  resulting  in  satisfactory 
patterns  of  copper  alloys  and  ores.  Since  this  equation  does 
not  take  into  consideration  the  electrical  energy  expended  in 
decomposing  the  electrolyte,  the  calculated  exposures  must  be 
considered  as  first  approximations  useful  in  gaging  the  initial 
trial  exposure. 

In  exposing  a  specimen  composed  of  several  different 
mineral  species,  the  current  passing  through  the  individual 
crystals  will  vary  with  their  resistivity  and  cross-sectional 
area.  Under  these  circumstances  the  sample  comprises  a 
series  of  resistances  connected  in  multiple,  and  the  current 
may  be  carried  almost  entirely  by  the  component  of  highest 
conductivity,  with  the  result  that  the  pattern  will  be  under¬ 
exposed  with  respect  to  the  poorly  conducting 
constituents.  Stripping  of  a  more  uniform 
character  is  achieved  by  moistening  the  medium 
with  a  mineral  acid  instead  of  a  neutral 
electrolyte  (41). 

After  exposure,  the  image  is  rendered  visible 
by  treating  the  medium  with  a  reagent  solution 
that  produces  a  characteristic  insoluble  colored 
compound  with  the  ion  in  question.  Since 
the  number  of  specific  reactions  are  rather 
limited,  interfering  ions  brought  into  solution 
during  the  stripping  process  must  be  removed 
prior  to  development.  To  prevent  diffusion  of 
the  element  whose  pattern  is  being  processed, 
it  is  good  practice  to  fix  the  ion  in  the  medium 
as  a  sparingly  soluble  compound.  This  princi¬ 
ple  is  illustrated  in  the  method  for  the  formation 
of  chloride  patterns  (67). 

The  medium  consists  of  gelatin-coated  paper 
impregnated  with  silver  chromate.  On  electrical 
exposure  the  chloride  ion  is  fixed  as  insoluble  sil¬ 
ver  chloride,  and  the  print  can  be  washed  with 
dilute  nitric  acid  in  order  to  leach  out  excess  re¬ 
agent  and  other  compounds  that  enter  the  emul¬ 
sion  during  electrophoresis  of  the  tissue.  _  After 
washing  in  water,  the  colorless  image  is  ren¬ 
dered  visible  by  reducing  the  silver  chloride  to 
metallic  silver  with  the  aid  of  a  photographic  de¬ 
veloping  solution.  A  typical  example  of  the  re¬ 
sultant  chloride  pattern  is  shown  in  Figure  6. 


Figure  6.  Chloride  Pattern  of  Cross  Section  of  Celery 

Area  enlarged  20-fold,  exposure  5  ma.  for  15  seconds.  Pattern  exhibits  physical  structure 
of  cell  walls  and  demonstrates  concentration  of  chloride  ion  in  epidermal  wall,  vascular 
bundles,  and  central  collenchyma  tissue. 
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In  contact  printing,  solution  of  the  surface  film  is  effected 
by  the  action  of  dilute  mineral  or  organic  acids,  ammonia,  and 
alkalies.  Refractory  ores  can  often  be  attacked  by  moisten¬ 
ing  the  medium  with  a  mixture  consisting  of  1  part  of  nitric 
acid,  1  part  of  hydrochloric  acid,  and  2  parts  of  water.  In 
specific  cases  a  selective  stripping  for  one  or  more  components 
can  be  achieved  through  the  action  of  potassium  cyanide 
(silver),  ammonia  and  hydrogen  peroxide  (arsenic),  tartaric 
and  phosphoric  acids  (antimony),  bromine  water  (gold),  sul- 
furous  acid  (manganese),  etc.  The  optimum  method  of  at¬ 
tack  for  any  particular  pattern  depends  on  the  nature  of  the 
mineral  and  is  best  established  by  preliminary  tests. 

As  an  example  of  the  applications  of  the  contact  printing 
technique,  consider  a  mineral  section  containing  copper,  nickel, 
cobalt,  iron,  and  sulfur  as  principal  components.  A  joint  pattern 
of  the  copper,  nickel,  and  cobalt  can  be  rendered  by  bringing  the 
polished  surface  into  contact  with  gelatin  paper  moistened  with 
equal  volumes  of  ammonia  and  water.  These  elements  form 
soluble  ammines  and  their  presence  is  made  manifest  by  develop¬ 
ing  the  medium  with  a  saturated  alcoholic  solution  of  dithio- 
oxamide  {10)  which  forms  a  dark  green  derivative  with  copper, 
and  blue  and  brown  compounds  with  nickel  and  cobalt,  respec¬ 
tively.  Individual  patterns  can  be  secured  by  developing  suc¬ 
cessive  prints  with  alpha-benzoinoxime  (copper,  bright  green), 
dimethylglyoxime  (nickel,  red),  and  alpha-nitroso-beta-naphthol 
(cobalt,  brown).  The  iron  pattern  is  made  by  stripping  the 
surface  with  20  per  cent  hydrochloric  acid  and  washing  the 
medium  with  5  per  cent  ammonium  hydroxide.  The  iron  re¬ 
mains  fixed  as  ferric  hydroxide,  and  is  separated  from  the  bulk 
of  the  accompanying  copper,  nickel,  and  cobalt  chlorides.  The 
iron  pattern  is  developed  by  immersing  the  print  in  a  2  per  cent 
solution  of  potassium  ferrocyanide  containing  about  0.1  per  cent 
of  hydrochloric  acid  which  converts  the  ferric  hydroxide  into 
Prussian  blue. 


Figure  7.  Sulfide  Pattern  of  a  Cop¬ 
per  Ore 

Specimen  of  chalcocite  intergrown  with  bornite, 
from  Butte,  Montana.  Area  of  pattern,  full 
size.  Exposure,  40  ma.  for  10  seconds. 

Since  most  sulfides  are  good  conductors  of  the  electric 
current,  the  electrographic  technique  is  advantageously 
applied  in  the  execution  of  the  sulfide  pattern  of  minerals. 

The  specimen  is  placed  on  a  sheet  of  matte  photographic  print¬ 
ing  paper  (Eastman,  Azo  Grade  A,  No.  2),  which  has  been 
moistened  with  a  1  per  cent  solution  of  sodium  chloride  and  the 
mineral  is  connected  to  the  negative  pole  of  the  battery.  A 
current  of  5  milliamperes  per  sq.  cm.  is  allowed  to  flow  for  about 
10  to  15  seconds,  causing  the  migration  of  the  negatively  charged 
sulfide  ion  to  the  aluminum  anode  and  its  fixation  as  brown  silver 
sulfide  on  the  medium.  Excess  silver  halides  are  then  extracted 
by  means  of  hypo  and  the  print  is  finally  washed  in  water  (Figure 
7).  When  the  current  is  passed  through  the  moist  photographic 
paper  the  area  acquires  a  pink  tint,  which  is  probably  caused 
by  the  formation  of  reduction  products  of  the  silver  halides. 
These  subhalides  dissolve  in  the  hypo  solution  and  do  not  cause 
any  interference  with  the  sulfide  pattern.  In  applying  the  method 
to  the  localization  of  traces  of  sulfides,  the  exposure  should  not 
be  prolonged  beyond  1  minute,  to  avoid  possible  reduction  of  the 
emulsion  to  metallic  silver.  The  brown  colored  pattern  recorded 
on  the  paper  is  specific  for  sulfides  in  the  absence  of  selenides 
and  tellurides,  which  also  react  with  the  emulsion  with  the  forma¬ 
tion  of  black  silver  derivatives.  The  more  commonly  occurring 


Table  III.  Classified  Guide  to  the  Literature  on 
Analytical  Patterns 


C,  contact  print;  E,  electrographic  print;  R,  autoradiographic  print 


Constituent 

Mineral  Sections 

Metals  and 
Alloys 

Tissues 

Plated 

Surfaces 

Aluminum 

E  (20) 

Antimony 

C  (IS);  E  (32,  41) 

E  (15)  ' ' 

C  (62) 

Arsenic 

C  (13);  E  (32, 

Bismuth 

4D;  R  (27) 

C  (13);  E  (41) 

E  (15,  42) 

Cadmium 

E  (16) 

E  (35) 

Chlorides 

E  (67) 

E  (68) 

Chromium 

E  (4,  23,24,  85) 

E  (8,  69) 

Cobalt 

C  (13,  SO j;  E  (39) 

C  (58);  E  (15, 
44,  48) 

C  (58);  E  (17, 
44) 

Copper 

C  (13);  E  (39) 

• . 

E  (69) 

Gold 

R  (27) 

E  (20,  69) 

Iodides 

,  . 

R  (34) 

Iron 

C  (13,30);  E  (41) 

E  (1,  17,  46) 

C  (54) 

Iron  oxides 

C  (56,  58) 

Lead 

C  (IS);  ‘E  (41) 

E  (22,  35) 

R  (7,  53) 

Manganese 

E  (29,  4D;  R  (28) 

E  (15) 

Molybdenum 

E  (4D 

Nickel 

C  (IS,  30);  E  (47, 
45) 

E  (19,  25,  48) 

•• 

E  (23,  69) 

Nitrites 

C  (43) 

Palladium 

E  (29) 

E  (35) 

Phosphates 

C  (52) ;  R  (27) 

R  (34) 

Phosphides 

,  . 

C  (37,'  57,  58); 

, , 

Polonium 

R  (66) 

R  (9,  64) 

R  (51) 

R  (9) 

Potassium 

R  (27) 

E  (67) 

Silver 

E  (40);  C  (65) 

E  (17,  35) 

E  (69) 

Sodium 

R  (27) 

,  , 

E  (67) 

Sulfides 

C  (12,  13,  SO) 

C  (2,  5,  6,  37,  57) 

Thorium 

R  (36) 

R  (63) 

. . 

Tin 

.  , 

E  (15) 

E  (20) 

Titanium 

E  (S,  41) 

,  , 

Tungsten 

R  (27) 

.  . 

.  . 

Uranium 

R  (36,  60) 

.  , 

,  , 

Zinc 

E  (4D 

E  (15,  35) 

E  (35,  69) 

arsenides  and  antimonides  do  not  interfere  and  the  method  can 
be  applied  to  the  detection  and  localization  of  traces  of  sulfide 
segregations  in  minerals  where  arsenic  and  antimony  predominate. 

Further  details  of  these  techniques  can  be  secured  by  con¬ 
sulting  the  original  papers  classified  in  Table  III,  which  lists 
the  methods  applicable  to  the  execution  of  analytical  patterns 
of  minerals,  vital  tissues,  alloys,  and  electroplated  surfaces. 
Most  of  these  methods  were  developed  during  the  past  10 
years  by  a  comparatively  small  number  of  workers.  It  is  to 
be  expected  that  with  further  developments  in  the  synthesis 
of  radioactive  isotopes  and  with  the  discovery  of  new  selective 
chemical  reactions  the  general  applicability  of  these  pictorial 
methods  of  analysis  will  be  greatly  extended. 
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Yeast  Microbiological  Methods  for  Determination 

of  Vitamins 


PYRIDOXINE 

LAWRENCE  ATKIN,  ALFRED  S.  SCHULTZ,  WILLIAM  L.  WILLIAMS,  and  CHARLES  N.  FREY 
The  Fleischmann  Laboratories,  Standard  Brands  Incorporated,  New  York,  N.  Y. 


THE  discovery  that  pyridoxine  belongs  to  the  group  of 
substances  known  as  bios  factors  or  yeast  growth  factors 
(8,  4)  was  followed  by  attempts  to  use  the  effect  in  assay 
methods  (4,  9).  Since  the  initial  use  of  a  yeast  growth 
method  for  the  assay  of  pyridoxine  (4),  certain  improvements 
in  the  method  have  been  made.  The  technique  and  ap¬ 
paratus  have  been  simplified  and  the  medium  has  been 
improved,  but  the  principal  change  is  the  choice  of  a  yeast 
strain  especially  selected  for  its  specific  response  to  pyridoxine. 
In  a  pyridoxine-free  medium  this  yeast  (culture  4228)  grows 
very  slightly,  but  if  pyridoxine  be  added  to  the  medium  an 
extensive  growth  is  observed,  comparable  to  that  observed 
in  the  presence  of  yeast  water  or  malt  extract. 

Wherever  possible  the  apparatus  and  materials  required 
for  the  conduct  of  the  assay  have  been  chosen  from  the 
least  expensive  standard  items  available.  The  technique 
has  recently  been  described  in  detail  ( 1 ).  Yeast  suspensions, 
in  selected  18-mm.  Pyrex  test  tubes,  are  shaken  in  a  Fisher- 
Kahn  shaking  apparatus  at  30°  C.  Some  workers  (9)  do 
not  shake  the  yeast  suspensions  during  the  growth  period 
but  in  the  authors’  hands  this  method  has  yielded  irregular 


results.  The  extent  of  yeast  growth  after  16  and  18  hours 
is  estimated  by  densitometric  measurements,  made  directly 
on  the  tubes  with  the  aid  of  a  Lumetron  No.  400  photoelectric 
colorimeter.  A  Mazda  lamp  provides  the  light,  which  is 
reduced  in  intensity  by  a  gray  glass-wire  screen  combination 
in  place  of  a  filter. 

Solutions 

Because  the  methods  used  in  the  determination  of  pyri¬ 
doxine  may  also  be  employed  for  the  determination  of  other 
vitamins — e.  g.,  pantothenic  acid,  biotin,  and  inositol— it  is 
convenient  to  prepare  individual  solutions  of  the  various 
components  of  the  basal  medium  and  to  combine  them  in  the 
different  ways  required  by  the  several  methods. 

Sugar  and  Salts  Solution.  One  liter  contains  200  grams  of 
c.  P.  dextrose  (anhydrous),  2.2  grams  of  monopotassium  phos¬ 
phate,  1.7  grams  of  potassium  chloride,  0.5  gram  of  calcium 
chloride  (CaCl2.2H20),  0.5  gram  of  magnesium  sulfate,  0.01 
gram  of  ferric  chloride,  and  0.01  gram  of  manganese  sulfate. 

Potassium  Citrate  Buffer.  One  liter  contains  100  grams 
of  potassium  citrate  (KjCeHsOv.HzO)  and  20  grams  of  citric  acid 
(14H3C6H607.H20). 
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Table  I.  Effect  of  Volume  and  Acid  Concentration  of 
Extraction  Medium  on  Extraction  of  Pyridoxine  from 

Dry  Yeast 

(100  mg.  of  200  B  dry  yeast  suspended  in  volume  noted,  heated  at  20  pounds 

for  1  hour) 


Volume 

Concentration  of 
Sulfuric  Acid 

Pyridoxine 

Determined 

ML 

N 

y/g- 

10 

0 . 055 

31.0 

50 

0.055 

37.0 

100 

0 . 055 

37.0 

180 

0 . 055 

39.3 

180 

0.0 

27.2 

180 

0.028 

38.4 

180 

0.111 

37.4 

180 

0.222 

35.7 

Casein  Hydrolyzate  Solution,  80  ml.  of  S.  M.  A.  Corp. 
“vitamin  free”  casein  hydrolyzate  (10  per  cent  solution)  neutral¬ 
ized  to  pH  4.0  to  6.0  (alkacid  paper),  and  diluted  to  100-ml. 
volume. 

Thiamine  Solution,  10  micrograms  per  ml. 

Inositol  Solution,  1  mg.  per  ml. 

Biotin  Solution,  S.  M.  A.  Corp.  biotin  concentrate  No. 
5000,  diluted  so  that  it  contains  approximately  0.8  microgram 
per  ml. 

Calcium  Pantothenate  Solution,  200  micrograms  per  ml. 

Yeast  Inoculum 

Culture  4228,  a  strain  of  Saccharomyces  carlsbergensis,  is  car¬ 
ried  on  Difco  malt  agar  slants.  A  slant  is  incubated  for  24  hours 
at  30°  and  is  then  stored  in  the  refrigerator  for  not  more  than 
2  weeks.  To  prepare  an  inoculum  for  the  assay  a  fresh  slant  is 
prepared  24  hours  earlier  and  is  also  incubated  at  30°.  A 
quantity  of  fresh  growth  is  removed  by  a  sterile  wire  loop  and 
suspended  in  10  ml.  of  sterile  0.9  per  cent  saline  in  a  colorimeter 
tube.  The  concentration  of  the  yeast  is  estimated  with  the 
densitometer  and  is  adjusted  to  a  concentration  of  1  mg.  of 
moist  yeast  per  ml.  with  additional  sterile  saline.  The  densitom¬ 
eter  is  conveniently  calibrated  with  a  suspension  of  moist  com¬ 
pressed  baker’s  yeast  instead  of  culture  4228.  With  the  authors’ 
instrument  a  suspension  of  moist  baker’s  yeast,  1  mg.  per  ml., 
shows  a  light  absorption  of  20  per  cent.  Five  milliliters  of  the 
adjusted  suspension  are  then  added  to  45  ml.  of  saline  in  an 
Erlenmeyer  flask.  The  final  suspension  thus  contains  0.1  mg. 
of  moist  yeast  per  ml.  and  is  ready  for  use. 

Preparation  of  Samples  for  Assay 

Although  pyridoxine  is  relatively  soluble,  it  is  extracted 
from  most  plant  and  animal  tissues  with  difficulty.  The 
Texas  workers  ( 9 )  have  observed  that  autolysis  increases 
the  pyridoxine  content  of  animal  tissue  extracts,  but  this 
technique  is  inapplicable  to  most  foods  and  tissues.  The 
authors  have  found  that  acid  extraction  increases  the  pyri¬ 
doxine  content  of  extracts  as  measured  by  the  yeast  method. 
The  efficiency  of  the  extraction  depends  upon  the  volume 
of  the  extraction  medium  as  well  as  the  presence  of  acid. 
This  is  demonstrated  by  the  data  of  Table  I.  For  most 
substances  extraction  with  180  ml.  of  0.055  N  sulfuric  acid 
yields  maximal  values  and  this  treatment  has  been  used 
throughout  this  communication  unless  otherwise  specified. 

Insoluble  materials  should  be  powdered  if  dry,  or  macerated 
with  water  in  a  Waring  blendor,  or  its  equivalent,  if  infrangible. 
A  portion  containing  between  2  and  4  micrograms  of  pyridoxine 
is  suspended  in  180  ml.  of  0.055  N  sulfuric  acid — i.  e.,  1  ml.  of 
10  N  acid  and  179  ml.  of  W’ater.  The  suspension  or  solution  is 
heated  in  an  autoclave  at  9-kg.  (20  pounds)  pressure  for  1  hour, 
then  cooled,  neutralized  to  pH  5.2,  and  diluted  to  200-ml.  volume. 
If  the  solution  is  turbid  it  is  centrifuged  and  the  clear  super¬ 
natant  liquid  is  used  for  the  assay.  In  exceptional  cases — e.  g., 
white  flour — the  turbidity  remains  but  can  be  lemoved  if  the 
extract  is  treated  with  a  knife  point  of  clarase  at  37.5°  for  30 
minutes,  followed  by  centrifugation. 

Wheat  and  wheat  products  do  not  yield  maximal  pyridoxine 
values  when  treated  as  above,  but  require  more  acid.  It  has 
been  found  that  180  ml.  of  0.44  N  sulfuric  acid — i.  e.,  8  ml.  of 
10  N  sulfuric  acid  and  172  ml.  of  water — yield  nearer  maximal 
assay  values  with  these  substances. 


The  efficiency  of  the  acid  extraction  of  pyridoxine  has 
been  checked  by  comparison  with  enzymic  digestion.  Al¬ 
though  the  digestion  with  clarase  does  not  always  yield  re¬ 
sults  as  high  as  the  acid  extraction,  the  tendency  is  clearly 
toward  the  same  values.  Table  II  contains  several  instances 
where  the  two  methods  of  extraction  have  been  compared. 
Either  clarase  or  polidase  may  be  used,  but  the  authors 
prefer  clarase  because  it  has  less  color  and  less  pyridoxine. 
Their  sample  contained  1  microgram  per  gram.  The  en¬ 
zymic  digestion  is  performed  as  follows: 

A  portion  of  the  sample  containing  between  2  and  4  micro¬ 
grams  of  pyridoxine  is  suspended  in  a  small  quantity  of  water  in 
a  graduated  test  tube,  0.5  ml.  of  potassium  citrate  buffer  (pH  5.2) 
is  added,  and  the  volume  is  made  to  10  ml.  The  tube  is  steamed 
for  30  minutes,  cooled,  and  a  quantity  of  clarase  equal  to  the 
weight  of  the  sample,  but  not  less  than  100  mg.,  is  added.  A  few 
drops  of  benzene  are  added,  and  the  tube  is  tightly  corked  and 
incubated  for  3  days  at  37.5°  or  2  days  at  45°.  At  the  end  of 
the  incubation  the  tube  is  steamed  for  20  minutes  and  the  con¬ 
tents  are  diluted  to  200  ml. 

The  problem  of  obtaining  pyridoxine  extracts  suitable 
for  assay  is  not  simply  one  of  preparing  a  soluble  form  of 
pyridoxine;  some  soluble  vitamin  concentrates  were  found 
to  contain  a  bound  form  of  pyridoxine  which  was  not  active 
in  the  test  until  acid  autoclaved  or  enzymically  digested. 

Method 

Five  milliliters  of  basal  pyridoxine-free  medium  plus  a  solution 
of  the  unknown  or  of  pure  pyridoxine  are  placed  in  a  series  of 
test  tubes  together  with  water  to  make  the  total  volume  in  each 
tube  9  ml.  The  tubes  are  plugged  and  steamed  for  10  minutes, 


Table  II.  Pyridoxine  Content  of  Miscellaneous  Sub¬ 
stances 

Pyridoxine 

Pyridoxine 

Description 

Determined 

Literature  Values 

Citrus 

7 /ml. 

y/g ■ 

Lemon  juice  (whole  juice) 

0.35 

Orange  juice  (whole  juice)  A 

0.52 

Orange  juice  (whole  juice)  B 

Meat 

0.60 

y/g- 

Pork  liver  (fresh) 

5.9 

3.3  (8),  1.7  (9) 

Beef  liver  (fresh) 

7.1 

7.3  (8),  0.4  ( 9 ) 

Pork  muscle  (fresh) 

6.8 

6.1  (8),  1.23  (9) 

Beef  muscle  (fresh) 

2.3 

4.0  (8),  0.81  (9) 

Liver  concentrate  powder,  1  to  20 

41.8 

45.0  (2) 

Milk 

Pasteurized  (whole) 

7 /ml. 

y/ml. 

A 

0.56 

1.3  (8),  1.7  (6) 

B 

0.51 

C 

0.50 

D 

0.60 

Da 

0.50 

Evaporated  (whole,  no.t  diluted) 

0.62 

y/g- 

y/g - 

Dry  (skim  milk) 

Wheat  and  wheat  products 

5 . 5 

Whole  wheat 

4.8 

4.6  (7),  7.6  (6) 

Whole  wheat® 

4.7 

White  flour  (patent)  i> 

1.2 

2.2  (7) 

Whole  wheat  bread  (air  dry)  & 

4.2 

White  bread  (air-dry)  6 

Urine 

Normal  24-hour  excretion 

1.0 

y  /day 

Subject  A 

143 

Subject  B 

128 

Subject  C 

24-hour  excretion  following  ingestion  of 
5.0  mg.  of  pyridoxine 

127 

Subject  A 

241 

Subject  B 

Y  east 

284 
y/g ■ 

Baker’s  (fresh)  A 

6.9 

Baker’s  (fresh)  B 

4.9 

Baker’s  (fresh)  C 

9.1 

55  (2),  54  (8) 

Brewer’s  (dry) 

39.3 

200  B-(dry) 

40.0 

200  B-(dry) a 

39.6 

Yeast  extract  (dry)  A 

120.0 

B 

62.0 

“  Clarase  digestion,  3  days  at  37.5°  C.  at  pH  5.2. 

b  Extracted  at  higher  acid  concentration- 
acid,  1  hour  at  20  pounds. 

— i.  e.,  180  ml.  of  0.44  N  sulfuric 
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Table  III.  Typical  Protocol 

[To  each  tube  are  added  5  ml.  of  basal  pyridoxine-free  medium  plus  ingredients  noted  below.  After  sterilization 
1  ml.  of  yeast  suspension  (0.1  mg.  of  moist  yeast)  is  added  to  each.  The  tubes  are  then  shaken  at  30°  for  16  hours, 
and  the  absorption  measured,  then  returned  to  incubator  for  2  hours  and  measured  again.] 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


No.  H20 


Ml. 

4 

3.5 
3 

2.5 
2 

1 

0 

3 

2 

1 

0 

3 

2 

1 

0 

3 

2 

1 

0 

3.5 
3 

2 

1 

3.75 

3.5 

3 

3 . 5 
3 
2 


Added 

Ml. 


0 

0.5 

1.0 

1.5 

2.0 


5  my  of  B6« 
10  my  of  B$ 
15  my  of  B6 
20  my  of  B6 
3.0  =30  my  of  Bs 
4.0  o  40  my  of  B6 


1.0 

2.0 

3.0 

4.0 

1.0 

2.0 

3.0 

4.0 

1.0 

2.0 

3.0 

4.0 

0.5 

1.0 

2.0 

3.0 

0.25 

0.5 

1.0 

0.5 

1.0 

2.0 


0.01  ml.  of  whole  orange 
juice  b 


0.01  ml.  of  approved 
pasteurized  milk  c 


0.1  ml.  of  urine,  normal 
male  4 


Absorp¬ 

tion 

% 

17.5 
30 

38.5 
45 
49 

56.5 

62.5 
29 

38.5 
45 
51 

29.5 

37.5 

43.5 

48.5 
34 
45 
51 
56 


-16  Hours- 
B6 

my  per 
tube 


0.05  mg.  of  yeast  extract 
dry  e 


=  0.125  mg.  of  liver  pow¬ 
der  1  to  20/ 

=  0.25  mg.  of  dry  200  B 
yeast® 


B6 

y/g.  or 
y /ml. 


a  Pyridoxine  hydrochloride. 


32 
42 
54 

61.5 

30.5 

38.5 
51 

38.5 

50.5 

62.5 

One  millimicrogram  (1 


4.5 
10.0 
15.7 
22.3 

4.7 

9.5 

14.5 

19.5 

7.2 

15.7 
22.2 
29 

6 

13 

26 

39 

5.2 
10.2 

23.2 

10.2 

21.7 

40 
my) 


0.45 

0.50 

0.52 

0.55 

0.47 

0.48 

0.48 

0.49 

0.072 

0.078 

0.074 

0.073 

120 

130 

130 

130 

41.6 

40.8 

44.4 
40.8 

43.4 
40 


Absorp¬ 

tion 

% 

21 

35 

44 

50.5 

57 

64.5 

68.5 

35.5 

45 

52.5 

58 

36 
45 
51 
56 
40 

51.5 

59.5 
63 


37 
47 
59 

66.5 

35.5 

44 

56 . 5 

45 

54.5 
68 

0.001  micrograra. 


-18  Hours  - 
Bs 

my  per 
tube 


Bs 

y/g.  or 
y/ml. 


Av. 

y/ ml- 


5 

10.7 

16 

21 

5.7 

10.7 

15 

19 

8 

15.3 

22.5 

28 


0.55 

0.54 

0.53 

0.53 

0.57 

0.54 

0.50 

0.48 

0.08 

0.077 

0.075 

0.07 


0.53 


0.50 


0.075 


y/g. 


6.3  126 

12  120  122 
22  110 

34  113 

5.5  44 

10  40  41.8 

20  40 

10.7  42.8 

18  36  40.5 

40  40 

A  solution  containing  10  my 
It  may 


Heated  at  20  pounds 


per  ml.  may  be  preserved  for  at  least  a  month  without  deterioration  if  acidified  and  protected  from  light 
be  protected  from  bacterial  attack  by  benzene  or  by  sterilization. 

&  2  ml.  of  freshly  prepared  orange  juice  added  to  177  ml.  of  water  plus  1  ml.  of  10  N  H2SO4. 
for  1  hour,  cooled,  neutralized  to  pH  5.2,  and  diluted  to  200-ml.  volume. 

c  2  ml.  of  whole  milk  treated  as  in  b. 

d  20  ml.  of  urine  (normal  subject);  24-hour  excretion  diluted  to  2000  ml.  volume,  treated  as  in  i >  except  159  ml.  of 
water  added. 

e  100  mg.  of  dry  soluble  yeast  extract  dissolved  in  179  ml.  of  water  and  treated  as  in  b  except  final  dilution  to  1000- 
ml.  volume. 

/  100  mg.  of  liver  concentrate  powder  1  to  20  suspended  in  179  ml.  of  water  and  treated  as  in  b. 

0  100  mg.  of  dry  200  B  yeast  suspended  in  179  ml.  of  water  and  treated  as  in  b. 


cooled,  and  inoculated  with  1  ml.  each  of  the  yeast  inoculum. 
The  tubes  are  then  shaken  at  30°  for  16  to  18  hours  and  the  yeast 
growth  is  estimated  in  the  densitometer.  A  reference  curve, 
which  consists  of  a  series  of  tubes  containing  0,  5,  10,  15,  20,  30, 
and  40  millimicrograms  of  pyridoxine,  is  included  in  each  assay 
run. 

The  basal  medium  contains  the  following  ingredients  for  each 
5  ml.:  sugar  and  salts  solution,  2.5  ml.;  potassium  citrate  buffer, 
0.5  ml.;  casein  hydrolyzate,  0.5  ml.;  thiamine  solution,  0.25 
ml.;  inositol  solution,  0.25  ml.;  biotin  solution,  0.10  ml.;  cal¬ 
cium  pantothenate  solution,  0.125  ml.  ‘  For  a  set  of  40  tubes,  for 
example,  forty  times  the  above  amounts  are  measured  into  a 
mixing  cylinder  and  diluted  to  200-ml.  volume. 

A  typical  assay  run  is  .given  in  Table  III,  which  is  the 
actual  protocol  of  an  assay  in  which  representative  materials 
were  assayed.  The  results  of  the  reference  series  (Figure  1) 


Table  IV.  Recovery  of  Pyridoxine 


Pyridoxine 

Total 

Content 

Pyridoxine 

Pyridoxine 

Substance 

(by  Assay) 

Added 

(by  Assay) 

Recovery 

Ml. 

y/l. 

7 

y/l. 

% 

Urine 

A 

1000 

60 

100 

153 

93 

B 

1000 

60 

100 

150 

90 

C 

1000 

159 

100 

283 

124 

D 

1000 

187 

100 

284 

97 

Gram 

y/g. 

Yeast  extract 

A 

i 

132 

100 

233 

101 

B 

i 

113 

100 

203 

90 

C 

i 

48 

100 

165 

117 

Dry  yeast 

A 

i 

42 

50 

94 

104 

B 

i 

40 

50 

101 

122 

Av 

'.  104 

in  per  cent  absorption  are 
plotted  on  ordinary  graph 
paper  against  millimicro- 
grams  of  pyridoxine  and 
the  values  for  the  unknowns 
obtained  by  interpolation. 
It  is  desirable  to  make 
readings  at  both  16  and 
18  hours  and  to  average 
all  results  except  obvious 
slips,  to  obtain  the  estimated 
values.  All  results  are  re¬ 
ported  on  the  basis  of  pyri¬ 
doxine  hydrochloride  (Merck) 
employed  as  a  reference 
standard. 

Results 

The  number  of  pyridox¬ 
ine  assays  by  other  methods 
which  have  been  published 
is  inadequate  to  provide 
a  basis  for  critical  com¬ 
parison  with  the  results  of 
the  yeast  microbiological 
assay  method.  Table  II  con¬ 
tains  the  estimations  made 
on  a  series  of  representa¬ 
tive  substances,  compared 
with  estimations  which  have 
been  reported  in  the  litera¬ 
ture,  obtained  principally  by 
the  animal  growth  method 
of  Conger  and  Elvehjem  (2). 
The  chemical  method  of 
Swaminathan  ( 6 )  has  pro¬ 
vided  a  few  results,  but  the 
chemical  method  of  Scudi  et  al.  (5)  is  apparently  not  sensi¬ 
tive  enough  for  use  with  samples  of  ordinary  potency. 


Figure  1.  Reference  Cltrve 

A,  16  hours;  B,  18  hours 


The  values  obtained  on  fresh  meat  samples  agree  with  the 
results  of  Waisman  and  Elvehjem  (8).  The  Texas  workers 
(9)  report  very  low  values  for  meats.  In  a  more  recent 
publication  (10)  the  Texas  group  report  assays  on  a  number 
of  foods,  but  apparently  they  have  not  changed  their  method 
of  assay  and  the  results  are  still  very  low. 

The  authors’  values  for  fresh  milk,  about  0.5  microgram 
per  gram,  are  significantly  lower  than  the  two  values  which 
have  so  far  been  reported.  Stronger  acid  digestion  and 
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clarase  digestion  both  failed  to  give  higher  results.  The 
analysis  of  dry  skim  milk  is  consistent  with  the  fresh  milk 
assays — i.  e.,  about  11  times  higher.  The  wheat  assays  are 
satisfactory  except  for  the  patent  flour,  which  is  lower  than 
reported. 

The  assay  of  urine  gave  135  micrograms  per  day  as  the 
average  24-hour  excretion  for  10  days  by  three  normal  male 
adult  subjects.  Ingestion  of  5.0  mg.  of  pyridoxine  was  fol¬ 
lowed  by  an  excess  output  of  about  0.1  mg.  during  the  next 
24  hours.  This  is  a  rather  low  figure,  but  it  may  be  esti¬ 
mated  with  reasonable  precision  and  its  smallness  alone  does 
not  detract  from  its  clinical  significance. 

The  success  of  recovery  experiments  does  not  of  itself 
establish  the  validity  of  an  assay  method,  but  it  is  a  favorable 
sign.  Table  TV  gives  the  results  obtained  when  pyridoxine 
hydrochloride  was  added  to  a  series  of  urines,  yeast  extracts, 
and  dry  yeasts.  Each  mixture  was  carried  through  the 
complete  procedure.  The  recovery  was  calculated  on  the 
basis  of  the  pyridoxine  added  and  the  average  of  9  de¬ 
terminations  was  104  per  cent. 

With  regard  to  the  specificity  of  the  yeast  microbiological 
method  for  pyridoxine  determination,  the  following  argu¬ 
ments  can  be  adduced  in  favor  of  a  specific  response:  The 
estimated  values  for  the  various  extracts  which  have  been 
tested  show  no  perceptible  change  at  different  testing  levels 
— i.  e.,  no  drift;  no  change  is  observed  if  the  test  is  extended 
from  16  to  18  hours;  acid  digestion  and  enzymic  digestion 
produce  essentially  the  same  extraction  of  the  active  principle; 
with  a  few  exceptions  the  yeast  method  gives  results  which 
agree  reasonably  well  with  results  obtained  by  the  rat  growth 


method;  and  added  pyridoxine  may  be  recovered  from  urine, 
yeast,  and  yeast  extracts  without  appreciable  loss  or  gain. 

Summary 

A  microbiological  method  for  the  determination  of  pyri- 
doxine  employs  a  yeast  strain  (No.  4228)  characterized  by  a 
specific  response  to  pyridoxine.  The  yeast  is  grown  in  test 
tubes  which  are  shaken  at  30°  for  16  to  18  hours.  Yeast 
growth  is  estimated  with  the  aid  of  a  photoelectric  color¬ 
imeter. 

Recovery  experiments  are  described  and  the  pyridoxine 
content  of  a  series  of  representative  foods  and  other  sub¬ 
stances  is  reported. 
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A  Null-Reading  Photoelectric  Microdensitometer 

For  Use  in  Turbidimetry  and  Abridged  Spectrophotometry 


JOSEPH  G.  BAIER,  JR.,  University  of  Wisconsin  in  Milwaukee,  Milwaukee,  Wis. 


The  paper  describes  the  details  of  construction 
and  operation  of  a  photoelectric  densitometer,  em¬ 
ploying  two  photoelectric  vacuum  tubes  in  a  bal¬ 
anced  bridge  circuit  with  electronic  amplification. 
The  circuit  includes  a  voltage-regulator  tube  to 
counteract  line  voltage  fluctuations.  Only  1-ml. 
samples,  in  standard  75  X  10  mm.  selected  test 
tubes,  are  needed  for  all  determinations.  Readings 
are  obtained  by  adjusting  a  light  wedge,  calibrated 
in  per  cent  light  transmission  from  100  to  0,  to  bal¬ 
ance  the  amount  of  light  absorbed  by  the  unknown 
over  the  control.  The  electronic  circuit,  operating 
on  the  null-reading  principle,  is  used  only  to  indi¬ 
cate  the  balance  point.  Once  a  calibration  curve  is 
obtained  for  any  substance  it  can  always  be  used  for 
estimating  the  unknown  sample,  since  the  light 
wedge  cannot  change  its  calibration.  That  the 
data  follow  the  Bouguer-Beer  law  can  be  seen  from 
the  linearity  of  the  graphs  obtained  from  a  series  of 
dilutions  of  India  ink  and  copper  sulfate,  using  the 
proper  color  filters.  The  instrument  will  be  used 
in  the  measurement  of  the  degree  of  turbidity  re¬ 
sulting  from  mixtures  of  antigen  and  antibody  in 
studies  of  precipitins. 


IN  ALL  branches  of  biological  research  there  is  an  urgent 
need  for  better  methods  of  measurement,  methods  of 
greater  speed,  greater  sensitivity,  and  greater  reliability.  To 
that  end  this  paper  is  submitted,  giving  the  details  of  con¬ 
struction,  operation,  and  performance  data  of  a  new  instru¬ 
ment  for  the  measurement  of  colored  and  turbid  solutions — 
viz.,  a  photodensitometer,  employing  two  photoelectric 
vacuum  tubes  in  a  balanced  bridge  circuit,  with  electronic 
amplification,  in  a  stabilized  circuit  known  to  have  great 
sensitivity  and  reliability. 

This  instrument  is  the  culmination  of  a  year’s  design, 
building,  and  testing  by  the  writer  in  an  attempt  to  find  a 
better  and  more  rapid  method  of  measuring  the  turbidity  of 
solutions.  The  writer  (2)  has  been  interested  in  a  phase  of 
serology,  on  the  study  of  animal  relationships,  where  the 
technique  employed  (i,  4)  involved  measuring  the  amount 
of  precipitate  formed  in  the  precipitin  reaction  between  the 
interactions  of  antisera  with  homologous  and  heterologous 
antigens.  The  precipitate  so  obtained  in  the  reaction  has 
previously  been  measured  by  centrifugation  at  a  known  rate 
of  speed  for  a  fixed  time  in  calibrated  capillary  tubes.  While 
the  results  obtained  have  been  statistically  reliable,  the  time 
involved  in  their  measurement  has  been  a  severe  drawback. 
To  this  end  it  was  determined  to  attempt  to  measure  the 


February  15,  1943 


ANALYTICAL  EDITION 


145 


Figure  1.  Basic  Mechanical  Arrangement  of  Instrument 

Ti,  Ti.  Holders  for  test  tubes  containing  samples  to  be  compared. 
Fi,  Ft.  Filter  compartments.  Wi.  Calibrated  light  wedge.  TF2. ' 
Compensating  light  wedge  for  initial  null  setting.  L.  Ventilated  light 
compartment  for  illuminating  photocells  found  in  compartments  917  and 
919 

amount  of  precipitate  in  suspension  by  means  of  photometry 
on  the  basis  of  the  Bouguer-Beer  law,  applied  to  turbid  sys¬ 
tems  ( 8 ).  While  the  instrument  was  designed  for  this  one 
specific  purpose,  it  can  be  applied  to  many  related  problems 
as  well  as  to  the  measurement  of  the  density  of  colored  solu¬ 
tions  by  the  use  of  the  proper  color  filters. 

Instrument  Types 

Since  the  first  report  (17)  of  the  application  of  the  photo¬ 
electric  principle  to  nephelometry  and  densitometry,  many 
papers  describing  a  number  of  instruments  have  appeared. 
These  instruments  fall  into  five  general  classes. 

1.  Many  instruments  (6,  7,  10,  18,  19)  employ  a  sensitive 
galvanometer  to  measure  directly  the  current  output  from  a 
single  self-generating  barrier  layer  (photovoltaic)  cell  under 
variable  conditions  of  light  transmission.  The  difficulties  are 
numerous.  (A)  Very  sensitive  and  hence  very  delicate  sus¬ 
pension  galvanometers  must  be  employed  in  the  better  instru¬ 
ments  to  measure  the  minute  currents  of  the  photovoltaic  cell. 
( B )  Such  small  currents  can  be  amplified  only  with  difficulty  so 
that  it  is  not  practical  to  use  an  amplifier  circuit  in  order  to 
permit  use  of  more  rugged,  less  sensitive,  and  hence  less  delicate 
galvanometers.  ( C )  The  light  source  must  be  very  constant; 
the  ordinary  110-volt  alternating  current  line  supply  is  hardly 
adequate  and  the  better  instruments  must  therefore  employ 
storage  batteries.  (The  alternating  current  line  voltage  in  the 
author’s  laboratory  fluctuates  steadily  between  117  and  122 
volts  with  frequent  excursions  to  115  and  125  volts.  Even  the 
best  voltage-compensating  transformers  cannot  maintain  the 
necessary  constant  voltage  required  for  illumination  of  the  single 
photoelectric  cell  instruments,  16.)  This  makes  the  instrument 
nonportable  as  well  as  requiring  attention,  frequent  charging, 
and  eventual  replacement  of  the  battery.  (D)  Individual 
photoelectric  cells,  while  stated  to  be  similar,  will  vary  suffi¬ 
ciently  to  require  new  calibration  curves  in  the  event  of  their 
replacement.  (E)  Deterioration  of  photoelectric  cells  will  re¬ 
quire  that  calibration  curves  be  constantly  checked  for  reliability 
of  the  data. 

2.  A  few  instruments  (17,  21)  have  been  constructed  which 
use  a  single  photoelectric  vacuum  tube  and  a  direct  reading 
galvanometer.  The  difficulties  listed  above  still  apply  to  these 
vacuum  tube  instruments. 

3.  Some  instruments  (5,  13,  15,  20)  employ  a  single  photo¬ 
electric  vacuum  tube  with  an  electronic  amplifier  system  where 
essentially  the  photoelectric  cell  electronic  emission  is  amplified 
so  that  sensitivity  can  be  increased  and  more  rugged  meters 
(usually  a  milliam meter)  employed  to  measure  the  current  out¬ 
put.  However,  objections  C,  D,  and  E  still  apply  to  these 
vacuum  tube  instruments. 

4.  Some  instruments  (3,  9,  23)  employ  two  photovoltaic  cells 
in  a  bridge  circuit  using  a  galvanometer  to  determine  the  null 
point  and  a  calibrated  potentiometer  for  obtaining  readings  in  a 
linear  scale  of  the  percentage  of  light  transmitted  through  the 
solution  on  a  logarithmic  scale  for  a  direct  reading  of  density. 
While  these  instruments  compensate  for  line  voltage  fluctuation 
and  photocell  deterioration,  they  are  limited  in  their  sensitivity 
by  the  circuit  employed  and  by  the  galvanometer  sensitivity. 

5.  Other  instruments  (11,  22)  use  photoelectric  vacuum  tubes 
in  a  bridge  circuit  with  methods  of  reading  the  transmission  of 
light  or  the  density  as  in  the  previous  type.  These  instruments 


can  use  an  electronic  amplifier  system  (12,  lJf)  to  increase  the 
sensitivity  to  a  degree  limited  only  by  the  amplifier  system  em¬ 
ployed.  The  instrument  described  in  the  present  paper  is  of 
this  type,  employing  a  stabilized  amplifier  system. 

The  instruments  described  in  this  brief  review  by  no  means 
cover  the  entire  field,  but  are  mentioned  only  to  describe  the 
essential  types  used  by  various  workers  to  study  mamr 
problems:  analytical  chemistry,  routine  clinical  analyses, 
spectrophotometry,  etc.  A  very  complete  list  of  contributors 
to  this  field  is  found  in  the  literature  (#,  H). 

Basic  Design  of  the  Instrument1 

The  instrument  described  in  the  present  paper  attempts  to 
improve  further  upon  the  use  of  photoelectric  cells  in  turbidime- 
try  and  abridged  spectrophotometry. 

It  employs  two  RCA  photoelectric  vacuum  tubes  in  a 
“null”  circuit  with  one  stage  of  vacuum  tube  amplification. 
Since  both  photocells  are  illuminated  by  the  same  light  source, 
changes  in  its  intensity  will  have  the  same  effect  on  both  photo¬ 
electric  cells,  but  no  effect  on  the  null  reading.  The  amplifier 
circuit,  as  well  as  the  photoelectric  cells,  is  voltage-regulated  by 
means  of  a  VR  105-30  voltage  regulator  tube,  so  that  changes  in 
line  voltage  have  a  negligible  effect  upon  the  circuit.  All 
vacuum  tubes  are  working  at  minimum  potential  for  long  life 
and  stability.  Inherent  in  the  design  of  the  instrument  is  the 
principle  that  a  very  small  change  in  the  light  intensity  falling 
on  one  photoelectric  cell  over  that  falling  upon  the  other  cell, 
after  they  had  been  previously  adjusted  for  the  null  point,  causes 
a  change  in  the  electronic  emission  of  one  photoelectric  cell  over 
that  of  the  other,  so  that  the  grid  of  the  electronic  amplifier 


1  Since  this  paper  was  accepted  for  publication  improvements  in  design  in¬ 
clude  (1)  an  interchangeable  condensing  lens  system  to  increase  sensitivity 
when  using  certain  filter  combinations,  (2)  the  addition  of  RCA  926  photo¬ 
electric  vacuum  tubes,  with  greater  sensitivity  in  the  blue  region  of  the 
visible  spectrum,  and  (3)  adaptations  for  use  of  square  test  tubes  of  preci¬ 
sion  manufacture  (6X6  mm.  in  inside  diameter  and  75  mm.  in  length). 


Figure  2.  Photograph  of  Densitometer 

Above.  Cover  open  ready  for  use 

Below.  Instrument  as  seen  from  back  with  cabinet  removed 
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becomes  either  more  or  less 
negative  than  it  was  when  at 
the  null  point.  This  in  turn 
causes  the  microammeter  in 
the  plate  circuit  to  register 
either  zero  or  full-scale  deflec¬ 
tion.  A  light  wedge  is  then 
adjusted  to  cause  the  meter  to 
register  the  null  reading  again, 
bringing  the  photoelectric  cells 
back  to  the  same  degrees  of 
illumination  and  electron  emis¬ 
sion  as  originally.  The  amount 
of  movement  of  the  wedge  re¬ 
quired  to  bring  the  instrument 
back  to  the  null  point  is  a 
measure  of  the  amount  of  light 
absorbed  by  the  unknown 
sample.  The  instrument  is 
thus  adjusted  to  an  arbitrary 
null  point,  for  each  reading, 
by  regulating  the  light  which 
falls  upon  the  two  photoelec¬ 
tric  cells. 

Two  similar  sample  tubes 
when  placed  successively  in  the 
path  of  light  going  to  one 
photoelectric  cell  will  not  cause 
a  change  in  the  null  point, 
while  if  one  of  the  tubes  is  re¬ 
placed  by  an  unknown  tube  of 
differing  density,  less  light  will 
pass  through  to  fall  on  the  one 
photoelectric  tube  and  the  cali¬ 
brated  light  wedge  will  have  to 
be  adjusted  to  return  the  in¬ 
strument  to  the  null  reading. 

Graphs  are  plotted,  on  semi- 
logarithmic  paper,  of  the  wedge 
readings  obtained  from  solu¬ 
tions  of  known  concentration, 
and  the  unknown  sample 
concentrations  are  obtained 
by  reference  to  the  known 
graphic  readings.  Once  a 
calibration  curve  has  been 
obtained  for  any  substance,  it  can  always  be  used  for  estimating 
the  unknown  sample,  since  the  light  wedge  cannot  change  its 
calibration,  as  is  possible  using  direct  readings  from  photocell- 
meter  instruments.  The  degree  of  sensitivity  of  the  instrument, 
to  minute  differences  in  light  intensity  can  be  regulated  by  vary¬ 
ing  the  voltages  applied  to  the  photoelectric  cells,  or  to  the  plate 
and  screen  of  the  electronic  amplifier  tube.  Various  degrees  of 
sensitivity  are  incorporated  in  the  instrument  by  varying  the 
screen  voltage  with  preset  resistor  clips  and  a  multipole  switch. 

Mechanical  Design 

Figures  1  and  2  illustrate  the  basic  design  of  the  instrument. 
The  housings  for  the  lamp,  L,  and  for  the  two  photocells,  917 
and  919,  are  constructed  of  brass  sheeting  and  tubing  and  rigidly 
supported  on  a  steel  chassis.  The  horizontal  tubes  of  smaller 
diameter,  connecting  these  three  upright  compartments,  carry 
the  light  through  the  tapered  light  wedges,  Wi  and  W2,  through 
the  filter  chambers,  and  F2,  and  in  turn  through  the  test  tube 
holders,  T i  and  T2,  to  the  photocell  chambers.  These  chambers 
are  all  blackened  inside  and  light-tight.  Diffusion  disks  of 
flashed  opal  glass  are  used  for  even  illumination  of  the  light- 
adjusting  wedges  and  so  that  the  entire  cathode  area  of  the 
photocells  will  be  utilized.  The  test  tube  holders  of  round 
brass  tubing  are  of  suitable  size  for  10  X  75  mm.  serological  test 
tubes  and  have  milled  vertical  slots  3  by  10  mm.  on  each  side 
for  the  transmission  of  light  through  the  sample  (1-ml.  samples 
are  sufficient  for  all  analyses).  The  filter  chambers  are  0.93 
cm.  (Vs  inch)  in  width  to  allow  for  several  3.1-cm.  (iy4-inch) 
filter  circles  in  combination  for  limiting  the  frequency  range  of 
light  transmission.  The  filters  are  assembled  in  hard-rubber 
holders  for  easy  replacement. 

W2  is  the  light-compensating  wedge  for  balancing  differences 
in  light  transmission  of  different  filters  and  for  the  initial  null 
setting.  It  is  adjusted  by  means  of  a  vertical  screw  and  cam. 
The  calibrated  wedge,  W i,  with  its  associated  scale  graduated  in 
per  cent  of  light  transmission  is  illustrated  diagrammatically 
from  an  end  view  in  Figure  3.  It  is  similar  to  W2  except  for  its 
precision  manufacture.  This  wedge  is  raised  and  lowered  with 


a  rack  and  pinion  whose  shaft  projects  through  the  aluminum 
panel  for  manual  control.  The  calibrated  scale  is  also  located 
on  the  panel  for  easy  reading  and  consists  of  a  translucent  scale 
upon  which  is  projected  a  shadow  of  a  fine  wire  illuminated  by 
the  narrow  beam  of  a  pen-light  flashlight  bulb,  indicating  the 
position  of  the  wedge.  The  scale  is  calibrated  in  increments  of 
0.5  from  100  to  0  in  terms  of  the  per  cent  of  light  transmitted 
through  the  trapezoidal  window,  Ai,  from  fully  opened  to  fully 
closed.  Lowering  of  the  wedge  each  0.93  cm.  (3/8  inch)  de¬ 
creases  the  window  area  10  per  cent  and  is  linear  except  for  the 
last  5  per  cent,  as  indicated  in  Figure  3.  A i,  Wi,  and  the  scale 
have  been  constructed  with  mechanical  and  mathematical  exact¬ 
ness. 

Also  mounted  on  the  chassis  are  the  amplifier  tube,  voltage 
regulator  tube,  rectifier  tube,  filter  condenser,  choke  coil,  and 
transformers.  Under  the  chassis  are  the  resistors,  with  all  the 
wiring  thus  concealed  from  view.  All  critical  circuits  of  the 
photoelectric  cells  and  amplifier  tube  are  shielded  to  eliminate 
any  stray  capacitance  effect  by  the  operator. 

Photoelectric  Vacuum  Tube  and  Amplifier  Circuit 

The  circuit  used  in  employing  the  two  photoelectric  vacuum 
tubes  with  their  amplifier  is  shown  in  Figure  4.  The  rectifier 
and  filter  circuit  supplies  the  high  voltage  to  the  voltage  divider, 
Ri  R2  f?3.  The  voltage  across  the  resistor,  R2  R3,  is  maintained  at 
105  volts  by  the  voltage  regulator  tube,  VR  105-30.  The 
suppressor  grid  of  the  38  amplifier  tube  and  the  cathode  are 
grounded.  The  resistor,  R3,  is  below  ground  potential,  so  that 
the  cathode  of  photoelectric  cell  917  is  adjusted  for  22  volts 
belowr  ground  potential,  while  the  anode  of  photoelectric  cell 
919  is  operated  almost  an  equal  potential  above  ground.  The 
919  cathode  and  the  917  anode  lead  to  the  38  grid  and  are  essen¬ 
tially  at  ground  potential  when  the  photocells  are  equally  illumi¬ 
nated  or  at  zero  illumination.  The  plate  of  the  38  amplifier  is 
set  at  a  low  potential  (25  volts)  for  stability  and  constancy  of 
operation  of  the  amplifier.  The  screen  is  set  at  a  sufficient 
positive  potential  for  the  desired  sensitivity  and  is  variable  in 
several  steps  (5,  10,  and  15  volts). 

A  resistor  in  series  with  the  meter  and  plate  will  prevent  ex¬ 
cessive  plate  current  flow  for  the  protection  of  the  microam¬ 
meter.  Operating  the  circuit  in  this  fashion  with  low  plate, 
screen,  and  photoelectric  cell  potentials  ensures  stability  and 
constancy  of  vacuum  tube  characteristics,  even  though  extreme 
sensitivity  is  forsaken.  However,  the  sensitivity  which  the 
instrument  exhibits  is  much  more  than  even  the  best  of  me¬ 
chanical  construction  and  experimental  error  warrant.  If  still 
greater  sensitivity  were  to  be  desired  and  could  be  used,  all 
voltages  could  be  proportionately  increased.  The  writer  has 


Figure  4.  Balanced  Circuit  with  High  Differential 
Sensitivity  and  Stabilized  High-Voltage  Source 

Vi  =  RCA  919;  V2  =  RCA  917;  Vz  =  38;  Vi  =  VR  105-30;  Vs  = 
80. 

R i  =  7000  ohms,  25  watts;  R2  =  7500  ohms,  75  watts;  Rz  =  2000 
ohms,  25  watts. 

M  =  0-200  microammeter,  Weston,  Model  301;  Ci  =  16-mfd.  elec¬ 
trolytic  condenser  (negative  terminal  insulated  from  ground) ;  Ti  =  power 
transformer  (Thordarson  T13R11). 

Filament  winding  to  38  amplifier  reduced  from  6.3  to  4.0  volts  by  series 
resistor;  T2  =  115-5V  step-down  transformer  (U.  T.  C.  S-54)  for  photocell 
illuminating  lamp;  S  =  switches  inserted  in  primaries  of  both  transformers 
T\  and  T2. 

Contact  pins  3  and  7  of  VR  105-30  are  inserted  in  A.  C.  power  input 
lead  as  a  safety  measure;  Ch  =  choke  (Thordarson  T68C08). 

Power  supply  indicating  pilot  light  and  dial  illuminating  lamp  with 
appropriate  resistors  are  not  shown.  Microammeter  is  protected  by  150,- 
000-ohm  series  resistor  to  limit  current  flow  to  slightly  less  than  full  scale. 
Heater  of  38  amplifier  is  tied  back  approximately  9  volts  above  ground. 
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Figure  3.  Diagram¬ 
matic  View  of  Light- 
Decreasing  Wedge  and 
Associated  Calibrated 
Scale 

A\.  Trapezoidal  window 
area  admitting  light  to  filter, 
sample,  and  then  to  photocell 
917.  Area  of  trapezoid  = 
V2  (a  +  b)  h  where  base,  a ,  = 
21  x,  top,  5,  =  19  x  and  alti¬ 
tude,  h,  =  10  x.  10  x  =  3/ 8 
inch.  Lowering  of  wedge 
from  scale  reading  of  100  to  90 
decreases  light  window  area 
20  square  units,  or  10  per  cent 
of  total,  etc.  Window,  wedge, 
and  scale  are  constructed  with 
precision. 
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Figure  5.  India  Ink  Calibration  Curve 

Concentrations  of  samples  tested  are  in  terms  of  per  cent  concentra¬ 
tion  of  arbitrary  India  ink  standard  dilution  (sample  2)  taken  as 
100  per  cent. 


experimented  with  possible  variations  and  has  found  that  the 
instrument  has  much  more  sensitivity  to  differences  in  light  in¬ 
tensity  upon  the  two  photoelectric  cells  than  is  needed. 

The  electrical  circuit  functions  on  the  principle  that  if  more 
light  falls  on  one  photoelectric  cell  (917)  than  on  the  other  (919), 
after  the  circuit  has  previously  been  balanced  for  an  arbitrary 
null  point,  the  microammeter  will  deflect  to  zero,  indicating  that 
the  grid  of  the  38  amplifier  tube  has  become  temporarily  more 
negative  as  a  result  of  greater  electron  flow  from  the  cathode  to 
the  anode  of  the  917  photocell.  To  return  the  circuit  to  balance 
at  the  null  point,  wedge  Wi  must  be  adjusted  to  reduce  the 
amount  of  light  falling  upon  photocell  917.  The  amount  of 
movement  of  wedge  Wx  indicates  by  its  calibrated  scale  the  area 
of  the  window  which  was  removed  to  cause  the  proper  decrease  in 
light  transmission  to  the  917  to  compensate  for  the  amount  of 
light  absorbed  by  the  unknown  solution,  over  the  control,  when 
placed  in  the  path  of  light  going  to  photoelectric  cell  919. 

Operation  of  the  Instrument 

The  light  from  L  (Figure  1)  is  allowed  to  fall  upon  both  photo¬ 
electric  cells  (917  and  919).  In  the  light  path  to  each  of  these 
photoelectric  cells  is  placed  one  of  the  two  identical  control 
samples,  Tx  and_  T2  (usually  distilled  water).  With  the  cali¬ 
brated  wedge,  Wi,  set  at  100  for  full  light  transmission,  wedge 
W2  is  adjusted  so  as  to  cause  the  microammeter  to  register  the 
arbitrary  null  reading  (100  microamperes).  Then  sample  T2 
is  removed  and  a  solution  of  some  substance  of  unknown  con¬ 
centration  is  inserted  in  its  place.  If  more  light  is  absorbed  by 
this  unknown  tube  (less  transmitted)  than  was  absorbed  in 
sample  tube  T2,  Wx  is  moved  down  so  as  to  decrease  the  amount 
of  light  passing  through  T i  until  the  same  arbitrary  null  reading 
is  again  obtained. 

The  reading  from  the  calibrated  scale  of  Wx  is  taken  as  showing 
the  amount  of  light  transmitted  by  the  unknown  tube  compared 
with  the  control  sample.  Its  concentration  is  obtained  by 
referring  to  the  graph  obtained  previously  by  plotting  the  light 
•transmission  of  a  series  of  tubes  of  increasing  but  known  con¬ 
centrations  of  the  same  substance  prepared  in  the  same  way. 
Readings  are  made  only  on  the  basis  of  the  amount  of  movement 
of  the  wedge  required  to  compensate  for  the  amount  of  light 
absorbed  by  the  unknown  sample  tube  over  the  amount  absorbed 
by  the  standard  comparison  tube,  which  is  a  fixed  or  constant 
amount  for  all  densitometric  studies.  The  two  photoelectric 
tubes  in  the  null  circuit  are  used  only  to  determine  to  what  posi¬ 
tion  Wx  must  be  moved  to  again  obtain  a  balance  in  the  circuit. 

Since  the  mechanical  setup  of  the  apparatus  is  stable  under  all 
conditions,  the  instrument  does  not  depend  upon  the  photo¬ 
electric  cells  for  anything  but  an  indication  of  the  light  balance 
point  for  the  null  reading.  In  fact,  even  though  the  photo¬ 
electric  vacuum  tubes  are  replaced  by  tubes  of  different  sensi¬ 
tivities,  the  instrument  can  be  adjusted  for  the  same  null  reading 
by  mechanically  adjusting  the  null  setting  wedge,  W2.  Replace- 


Table  I.  Reliability  of  Instrument 


[In  being  able  to  duplicate  data  using  a  dilute  India  ink  solution  (sample  1) 
as  a  standard  of  100%  concentration] 


Concn.  of 
Sample 

7-1-42 

7-1-42 

Light  Transmission 
7-1-42  7-1-42  7-1-42 

7-2-42 

7-7-42 

%  of 
standard 

% 

% 

% 

% 

% 

% 

% 

0 

100.0 

100  0 

100.0 

100.0 

100.0 

100.0 

100.0 

1 

96.0 

96.1 

96.3 

96.1 

96.2 

96.0 

96.0 

2 

91.7 

91.7 

92.0 

91.7 

91.7 

91.6 

91.4 

5 

80.7 

80.4 

80.4 

80.5 

80.5 

79.6 

80.4 

10 

65.0 

65.3 

65.3 

65.3 

65.0 

64.2 

65.1 

25 

38.2 

38.5 

38.4 

38.6 

38.4 

38.0 

38.5 

50 

17.0 

17.3 

17.3 

17  3 

17.2 

17.4 

17.2 

75 

7.3 

7.5 

7.6 

7.5 

7.5 

7.0 

7.4 

100 

3.1 

3.5 

3.4 

3 . 5 

3.4 

3.2 

3.4 

ment  of  the  amplifier,  voltage  regulator,  and  rectifier  tubes 
causes  but  minute  and  insignificant  deflections  in  the  null  point 
of  the  instrument,  which  can  easily  be  reset. 

Performance  Data 

For  testing  the  reliability  of  the  instrument  in  turbidity 
studies,  readings  were  made  using  various  dilutions  of  an 
arbitrary  India  ink  standard  (sample  1).  The  data  obtained 
without  the  use  of  filters  are  illustrated  in  Table  I  and  show 
the  reliability  of  the  instrument  in  being  able  to  duplicate 
the  readings  over  a  period  of  days.  The  results  are  very 
consistent,  even  though  from  day  to  day  differences  are  to  be 
expected  in  line  voltage  fluctuations  and  in  duration  of  use  of 
the  instrument.  Figure  5  illustrates  the  data  obtained  in  a 
similar  study  from  a  different  India  ink  standard  (sample  2) 
but  using  essentially  monochromatic  light  by  means  of 
Corning  No.  396  and  Wratten  No.  74  filters.  That  the  read¬ 
ings  follow  the  Bouguer-Beer  law  is  shown  by  the  linearity 
of  the  data  as  plotted. 


Figure  6.  Degree  of  Turbidity 

Expressed  in  per  cent  light  transmission  resulting  from  0.5  ml.  of  anti¬ 
pig  rabbit  serum  reacted  against  0.5  ml.  of  increasing  dilutions  (decreasing 
concentrations)  of  its  homologous  pig  serum  antigen. 

Figure  6  shows  the  results  of  a  serological  study  using  a 
constant  dilution  of  anti-pig  rabbit  serum  (70-5)  reacted 
against  serial  dilutions  of  its  homologous  pig  serum  antigen 
(P-300).  The  graphical  data  illustrated  here  are  typical 
and  correspond  with  the  volumetric  studies  of  Baier  (f ). 
They  also  illustrate  the  application  of  the  instrument  to 
studies  of  serological  relationship  (2). 

Since  the  photoelectric  cells  employed  in  the  instrument 
are  very  sensitive  in  the  red  and  infrared  (greatest  sensitivity 
at  800  millimicrons),  readings  were  obtained  against  dilutions 
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of  a  standard  solution  of  copper  sulfate,  which  contained 
approximately  6  per  cent  (6.1336  grams  of  cupric  sulfate 
pentahydrate  per  100  ml.  of  water)  of  copper  sulfate.  Wratten 
No.  70  filters  were  used  in  obtaining  the  data  illustrated  in 
Figure  7. 

Discussion 

The  need  of  a  reliable  and  rapid  method  for  the  determina¬ 
tion  of  turbidity  in  1-ml.  samples  led  to  the  development  of 
the  present  instrument.  The  various  instruments  available 
were  unsatisfactory,  chiefly  because  they  required  larger 
samples  for  analysis.  At  the  same  time  it  was  obvious  that 
storage  and  B-batteries  are  bulky  and  troublesome,  so  that 
there  was  a  need  for  a  circuit  incorporating  voltage  regulation 
in  order  to  use  the  usual  110-volt  alternating  current  source. 
Furthermore,  individual  photoelectric  cells  vary  in  sensitivity 
and  linearity,  so  that  a  bridge  circuit  with  a  mechanical 
mechanism  to  measure  per  cent  fight  transmission  would 
minimize  these  possible  sources  of  error. 


Figxtee  7.  Calibration  Curve  for  Copper  Sulfate 

Dilutions  made  from  standard  copper  sulfate  solution  con¬ 
taining  6.1336  grams  of  CUSO4.5H2O  in  100  ml.  of  H2O. 


With  the  exception  of  the  instrument  of  McFarlan,  Reddie, 
and  Merrill  (12)  the  photoelectric  microdensitometer  de¬ 
scribed  here  is  the  only  one  the  author  knows  which  uses 
an  amplifier  in  conjunction  with  photoelectric  vacuum  tubes 
in  a  null  circuit  where  readings  are  obtained  from  a  calibrated 
fight  wedge.  However,  their  instrument  used  an  alternating 
current  amplifier  without  voltage  regulation  while  the  in¬ 
strument  described  in  the  present  paper  has  a  direct  current 
amplifier  with  all  high  voltages  stabilized  against  fine  voltage 
fluctuations.  Muller  (14)  stated  that  a  circuit  of  this  type 
has  high  differential  sensitivity  and  that  “the  trend  in  design 
of  photoelectric  photometers  will  be  in  the  direction  of  vacuum 
cell-amplifier  combinations  of  extreme  sensitivity  coupled 
with  associated  circuits  for  regulation,  automatic  compen¬ 
sation,  and  stability  maintenance.”  He  suggests  a  circuit 
having  such  possibilities,  very  much  like  the  one  utilized  in 
the  present  instrument. 

From  the  graph  and  table  presented  for  India  ink  it  can  be 
seen  that  the  data  essentially  illustrate  the  author’s  con¬ 
tention  that  the  instrument  shows  great  sensitivity  and 
reliability.  Within  the  limits  studied  in  the  dilutions  the 
graphs  are  straight  fines,  following  closely  the  theoretical 
aspects  of  the  Bouguer-Beer  law,  with  an  inverse  logarithmic 
relationship  between  fight  transmission  and  concentration. 

Since  in  turbidity  studies  this  linearity  is  shown  between 
concentration  and  per  cent  fight  transmission,  the  instrument 
will  be  used  in  determining  the  degree  of  turbidity  resulting 
from  the  reaction  of  an  antiserum  against  varying  dilutions  of 
homologous  and  heterologous  antigens.  Heterologous  tur¬ 
bidity  measurements  will  be  expressed  in  terms  of  per  cent 


of  the  homologous  turbidity  measurement  taken  as  100  per 
cent.  While  the  data  must  be  plotted  semilogarithmically, 
turbidity  comparisons  or  relationship  values  in  per  cent  must 
be  determined  by  arithmetically  determining  the  areas  under 
the  curves  or  by  an  arithmetic  summation  of  the  ordinates  of 
the  points  which  make  up  the  curve  using  any  uniform  scale, 
not  the  logarithmic  scale. 

For  the  application  of  the  instrument  in  “colorimetry” 
using  the  proper  color  filters,  graphs  are  plotted,  on  semi- 
logarithmic  paper,  of  the  wedge  readings  in  per  cent  fight 
transmission  obtained  from  solutions  of  known  concentration, 
and  the  unknown  sample  concentrations  are  obtained  by 
reference  to  the  graph. 

Summary 

Details  of  construction  and  operation  are  given  for  a  photo¬ 
electric  "densitometer,  which  employs  a  balanced  photocell 
circuit  with  electronic  amplification  operating  on  the  null 
reading  principle.  The  instrument  is  operated  entirely  from 
the  usual  1 10-volt  alternating  current  supply. 

The  apparatus  includes  a  regulated  high-voltage  source 
unaffected  by  variation  in  the  usual  fine  voltage. 

Readings  in  terms  of  per  cent  transmission  of  light  are  ob¬ 
tained  by  means  of  a  calibrated  wedge  decreasing  the  size  of  a 
light-transmitting  window. 

The  photocells  are  used  only  to  indicate  balance  in  the  cir¬ 
cuit,  not  to  indicate  per  cent  fight  transmission.  Only  1 
ml.  of  a  sample  is  needed  and  selected  10  X  75  mm.  serological 
test  tubes  are  used. 

Data  are  given  to  show  its  use  as  a  turbidimeter  and 
abridged  spectrophotometer. 
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Semimicrodetermination  of  Chlorine,  Bromine, 
and  Iodine  in  Organic  Compounds 
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THE  analytical  procedure  presented  below  for  determi¬ 
nation  of  chlorine,  bromine,  and  iodine  in  organic  com¬ 
pounds  makes  use  of  the  Parr  sodium  peroxide  semimicro¬ 
bomb  described  previously  {12).  Operations  are  on  a  scale 
intermediate  between  that  of  the  familiar  macromethod 
{8, 11)  and  that  of  the  micromethod  of  Elek  and  Hill  (2,  6) — 
i.  e.,  adapted  to  analysis  of  samples  of  semimicro  size 
(20  to  50  mg.) .  The  determination  is  gravimetric. 

The  Volhard  volumetric  procedure,  when  applied  following 
decompositions  in  the  sodium  peroxide  semimicrobomb,  en¬ 
counters  certain  difficulties  which  decrease  the  accuracy  of 
this  usually  excellent  method.  The  conditions  of  volume  and 
salt  concentration  make  necessary  a  solution  of  thiocyanate 
not  weaker  than  0.02  N  if  end  points  are  to  be  satisfactory. 
With  thiocyanate  solution  of  this  strength,  and  with  semi¬ 
microsamples,  the  effective  titrations  are  relatively  small 
(especially  with  bromine  and  iodine),  and  the  reproduci¬ 
bility  of  results  is  thus  impaired.  The  alternative  of  in¬ 
creasing  the  samples  considerably,  so  as  to  obtain  larger 
effective  titrations,  was  judged  to  be  undesirable,  as  it  would 
involve  some  danger  of  approaching  or  exceeding  the  capacity 
of  the  oxidizing  charge,  and  would  increase  the  consumption 
of  sample  material  in  some  cases  to  that  of  the  macromethod. 

Direct  titration  of  halide  ion  by  silver  nitrate  with  the  aid 
of  an  adsorption  indicator — e.  g.,  dichlorofluorescein  (7, 10) — 
was  not  submitted  to  trial,  as  the  relatively  high  con¬ 
centration  of  electrolytes  unavoidably  present  constitutes  a 
possible  interference  (7;  cf.  1). 

Following  decompositions  of  samples  in  the  sodium  peroxide 
bomb  bromine  is  present  partly  as  bromate  [Beamish  {2) 
reported  bromate  to  be  formed  in  a  steel  bomb  but  not  in  a 
nickel  bomb],  and  iodine  is  present  almost  wholly  as  iodate. 
When  a  volumetric  determination  is  intended  it  is  ordinarily 
satisfactory  to  add  an  excess  of  standard  silver  nitrate 
solution  to  the  alkaline  extract,  then  to  acidify,  add  hydrazine 
sulfate  to  reduce  bromate  or  iodate,  and  finally  to  titrate 
excess  of  silver  ion  {8).  When  a  gravimetric  determination 
of  halogen  is  intended  it  is  necessary  to  filter  the  liquid  before 
addition  of  silver  nitrate,  as  the  alkaline  extract  of  the  bomb 
contents  contains  undissolved  particles.  It  is  permissible 
to  filter  the  alkaline  extract  through  asbestos  in  a  Gooch 
crucible,  provided  any  dark  residue  on  the  filler  is  extracted 
with  dilute  nitric  acid.  Such  residue  may  consist  of,  or 
contain,  some  metallic  compound  contributed  by  the  bomb  it¬ 
self,  and  in  one  series  of  trials  (see  results  for  o-iodobenzoic 
acid  in  Table  I)  indications  were  clear  that  the  residue  con¬ 
tained  part  of  the  halogen. 

In  the  gravimetric  determination  of  chlorine  a  preliminary 
filtration  of  the  alkaline  extract  is  unnecessary,  as  the  absence 
of  chlorate  makes  it  possible  to  acidify  the  solution,  filter, 
and  then  add  silver  nitrate.  In  the  gravimetric  determination 
of  bromine  or  iodine  it  is  essential  to  add  either  the  silver 
nitrate  or  the  reducing  agent  before  the  solution  is  acidified. 
The  addition  of  silver  nitrate  to  the  filtered  alkaline  solution, 
as  in  the  volumetric  procedure  {8)  led  to  irregularity  in  the 
determination  of  bromine,  though  it  was  satisfactory  in  the 
determination  of  iodine.  Results  for  bromine  were  too  high, 
and  the  precipitate  was  discolored  after  acidification  of  the 
liquid,  suggesting  contamination  of  the  precipitate;  the  use 


of  nitric  acid  in  excess  only  partially  eliminated  this  effect. 
In  the  determination  of  iodine  no  similar  interference  was 
observed,  but  in  this  case  the  initial  precipitate  of  silver 
iodide  was  small,  most  of  the  iodine  (present  as  iodate)  being 
precipitated  later  from  acid  solution,  so  that  contamination 
of  the  precipitate  in  the  alkaline  solution  was  slight.  In 
order  to  have  available  if  possible  a  single  procedure  useful 
for  the  gravimetric  determination  of  both  bromine  and 
iodine,  the  feasibility  of  reducing  bromate  and  iodate  in  the 
alkaline  liquid  was  investigated.  It  was  found  that  the 
small  amount  of  bromate  usually  present  is  readily  reduced 
by  hydrazine  in  the  hot  alkaline  solution,  and  that  the 
relatively  larger  amount  of  iodate  is  completely  reduced  if 
the  heating  period  is  somewhat  extended.  To  complete  the 
analysis  the  solution  is  acidified  and  filtered,  and  the  halide 
is  precipitated  by  silver  nitrate. 

The  use  of  glass  ampoules  for  liquid  samples  introduces 
difficulties  which  are  not  readily  overcome,  and  which  are 
absent  if  gelatin  capsules  are  used.  In  the  sodium  peroxide 
bomb  a  glass  ampoule  undergoes  a  silica  fusion  of  its  thinner 
parts  {18),  and  later  acidification  of  the  liquid  may  cause 
precipitation  of  gelatinous  silicic  acid  which  presents  an 
obstruction  to  the  convenient  gravimetric  determination 
of  halide.  An  earlier  study  of  this  difficulty  {17),  as  it  affects 
the  macroprocedure,  showed  that  satisfactory  volumetric 
determination  of  halogen  is  possible  by  the  Volhard  titration 
properly  executed  {9,  15)  in  presence  of  the  silicic  acid  and 
silver  halide.  Attempts  to  use  a  similar  procedure  in  the  semi- 
microme.thod  confirmed  the  relatively  low  precision  of  the 
Volhard  semimicrotitration  as  here  applied,  and  revealed 
also  that  glass  ampoules,  if  not  broken  before  or  during  the 
mixing  of  the  charge,  may  protect  samples  sufficiently  to  be 
a  cause  of  incomplete  decompositions.  Acceptable  results 
were  obtained  for  chlorine  in  substances  readily  decomposable 
or  not  highly  volatile  (o-chloroaniline,  o-chlorobenzoic  acid; 
the  latter  decomposed  in  presence  of,  but  not  in,  a  glass 
ampoule).  With  substances  relatively  resistant  or  volatile 
(chlorobenzene,  bromobenzene,  n-butyl  chloride)  results 
were  variable  and  not  satisfactory. 

It  was  found  that  liquid  samples,  if  not  too  resistant  or  too 
volatile,  can  be  decomposed  satisfactorily  if  introduced  in 
gelatin  capsules,  as  suggested  by  Pflaum  and  Wenzke  for 
the  decomposition  of  fuming  or  deliquescent  fluorine  com¬ 
pounds  in  the  sodium  peroxide  macrobomb  {1 4).  Trials 
with  small  (5  X  15  mm.)  gelatin  capsules  showed  complete 
destruction  of  the  capsules,  no  increase  in  the  blanks,  and 
satisfactory  gravimetric  results.  The  use  of  gelatin  capsules 
apparently  introduces  no  complication;  the  analysis  may  be 
completed  as  for  solid  substances.  Results  by  this  pro¬ 
cedure,  which  is  the  one  recommended  for  liquid  substances, 
are  given  in  Table  I. 

The  applicability  of  the  sodium  peroxide  bomb  method, 
on  any  scale,  to  the  analysis  of  liquids  appears  to  be  limited. 
A  considerable  experience  with  the  macro-  and  semimicro¬ 
methods  in  this  laboratory  does  not  encourage  great  con¬ 
fidence  in  the  certainty  of  complete  decompositions  of  liquids 
which  are  resistant  to  decomposition  or  even  moderately 
volatile,  if  samples  are  introduced  enclosed  in  vessels  (am¬ 
poules  or  capsules)  which  may  afford  a  certain  amount  of 
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initial  protection.  Volatile  liquids  .may  be  handled  with 
reduced  danger  of  loss,  and  may  be  decomposable  with 
increased  certainty,  if  a  little  anhydrous  alcohol  (or  other 
solvent  which  is  halogen-free  and  not  too  volatile  or  resistant) 
is  introduced  into  the  gelatin  capsule  before  the  sample  is 
added  and  weighed  (16).  Light  or  readily  electrified  solids 
may  not  be  properly  decomposable  in  the  sodium  peroxide 
bomb.  Specimens  of  halogenated  fluoresceins,  which  may 
be  very  susceptible  to  frictional  electrification,  could  not  be 
satisfactorily  analyzed  by  the  macroprocedure.  Even  when 
an  overlying  layer  of  sodium  peroxide  was  added  to  the 
previously  well  mixed  charge  visible  quantities  of  unde¬ 
composed  sample  were  present  on  the  internal  surface  of 
the  cover  after  decomposition,  the  alkaline  extract  showed 
fluorescence,  and  the  results  were  variable  and  too  low. 

Procedure  for  Gravimetric  Semimicrodetermina¬ 
tion  of  Chlorine,  Bromine,  and  Iodine 

The  Parr  semimicrobomb  required  was  described  in  a  previous 
paper  (12).  Gooch  crucibles,  of  10-ml.  capacity,  should  be  pre¬ 
pared  for  use  in  a  manner  analogous  to  that  described  in  the  pro¬ 
cedure  for  determination  of  sulfur  (12),  and  should  be  brought  to 
“constant”  weight  (within  0.03  mg.).  Gelatin  capsules,  re¬ 
quired  for  liquid  samples,  can  be  secured  from  drug  supply 
houses.  Those  used  were  approximately  5  mm.  in  diameter  and 
15  mm.  in  length,  and  weighed  about  0.04  gram. 

Solid  Substances.  Transfer  to  the  bomb  cup  0.2  gram  of 
powdered  potassium  nitrate  (cf.  8).  Introduce  the  finely 
powdered  (cf.  3)  sample,  which  should  be  of  size  to  yield  about 
20  to  50  mg.  of  silver  halide,  and  should  be  weighed  with  an 
accuracy  of  0.02  mg.  Add  powdered  sucrose  (starch,  lactose, 
benzoic  acid)  in  such  amount  that  the  total  weight  of  sample  and 
other  carbonaceous  material  is  0.2  gram.  Weigh  rapidly  4  grams 
(±0.1  gram)  of  granular  sodium  peroxide  (low  in  chlorine)  and 
transfer  it  to  the  cup.  A  satisfactory  procedure,  especially  in 
humid  weather,  is  to  support  the  bomb  cup  on  the  left-hand  pan 
of  a  trip  scale,  place  a  small  beaker  on  the  right-hand  pan,  and 
introduce  water  to  counterpoise  the  bomb  cup,  into  which  the 
sodium  peroxide  may  then  be  weighed  directly  and  rapidly.  A 
measuring  cup  of  suitable  capacity  would  be  convenient  and 
sufficiently  accurate.  Make  certain  that  the  gasket  is  in  good 
condition,  and  then  adjust  the  bomb  cover  in  place  and  secure  it 
firmly  by  tightening  the  screw  collars.  To  mix  the  charge,  shake 
the  apparatus  vigorously,  and  finally  tap  the  bottom  of  the  cup 
against  the  table  top  to  settle  the  charge. 

Liquid  Substances.  Transfer  to  the  bomb  cup  0.2  gram  of 
powdered  potassium  nitrate,  0.16  gram  of  sucrose,  and  4.0  grams 
of  granular  sodium  peroxide.  Fasten  the  cover  in  place,  and 
thoroughly  mix  the  charge  by  shaking.  Weigh  the  sample  (to 
yield  20  to  50  mg.  of  silver  halide)  in  a  gelatin  capsule.  Remove 
the  cover  of  the  sodium  peroxide  bomb,  and  thrust  the  capsule 
and  the  contained  sample  into  the  center  of  the  previously  mixed 
charge,  so  that  the  capsule  is  completely  covered.  Fasten  the 
cover  in  place,  but  do  not  attempt  further  mixing  of  the  bomb 
contents. 

Decomposition.  Support  the  apparatus  in  a  vertical  position 
by  means  of  a  clamp  and  ring  stand,  and  at  such  height  that  the 
cup  can  be  heated  by  the  flame  of  a  blast  lamp  seated  on  the 
table  top.  For  the  present,  and  until  the  explosion  hazard  of 
this  apparently  safe  apparatus  is  better  known,  it  is  advisable  to 
wear  goggles  and  to  place  a  safety  glass  screen,  or  an  iron  plate, 
in  front  of  the  bomb  while  the  charge  is  ignited.  Adjust  the 
blast  flame  so  that  it  is  7.5  cm.  in  length  and  3  to  4  mm.  in  di¬ 
ameter.  First  bring  the  tip  of  the  flame  to  a  point  about  1  cm. 
below  the  bomb  for  about  15  seconds,  then  move  the  flame  so 
that  the  tip  touches  the  bottom  of  the  cup,  and  continue  heating 
thus  for  30  seconds  more.  A  longer  or  more  severe  heating  may 
melt  the  gasket. 

Analysis.  Cool  the  bomb,  finally  in  tap  water,  and  remove 
the  cover.  Wash  the  lower  surface  of  the  cover  with  a  fine  stream 
of  hot  water,  collecting  the  washings  in  a  125-ml.  beaker.  Wash 
the  cup  externally  (discard  these  washings)  and  then,  with  the 
aid  of  a  thick  glass  rod,  place  the  cup  on  its  side  in  the  beaker. 
Add  water  to  a  volume  of  25  ml.,  cover  the  beaker,  and  warm 
gently  to  dissolve  the  fused  mass.  Using  the  glass  rod,  lift  the 
bomb  cup  above  the  liquid  and  wash  the  cup  externally  with  a 
fine  stream  from  the  wash  bottle.  Then  grasp  the  cup  between 
the  fingers  and  wash  the  interior,  collecting  the  washings  with 
the  main  extract.  Cover  the  beaker  and  heat  the  liquid  until 
gas  evolution  practically  ceases,  indicating  decomposition  of 


Table  I.  Determination  of  Chlorine,  Bromine,  and 
Iodine  in  Organic  Compounds 


(Following  decomposition  in  the  sodium  peroxide  semimicrobomb  gravi- 
metric  procedure) 


Silver 

Halogen 

Halogen 

Compound 

Sample 

Halide 

Found 

Calculated 

Mg.a 

Mg.a<  b 

% 

% 

p-Aminophenol  hydro¬ 

23.78 

23.36 

24.30 

chloride 

24.69 

24.26 

24.31 

34.38 

33.46 

24.08 

38.85 

38.36 

24.43 

Av.  24.28 

24.36 

p-Nitrochlorobenzene 

30.35 

27.40 

22.33 

45.59 

41.18 

22.39 

Av.  22.36 

22.51 

o-Chlorobenzoic  acid 

39.94 

36.31 

22.49 

33.65 

30.63 

22.52 

39.96 

36.03 

22.30 

24.67 

22.49 

22.55 

24.65 

22.41 

22.49 

23.40 

21.24 

22.45 

19.57 

18.09 

22.87 

Av.  22.52 

22.65 

Methylene-p-chloroanil- 

16.28 

16.72 

25.41 

ine  (C1C6H4N.CH2)3 

22.04 

22.31 

25.04 

23.37 

23.64 

25.02 

21.64 

22.00 

25.15 

28.71 

29.22 

25.18 

Av.  25.16 

25.40 

3-p-Chlorophenyl-6- 

21.42 

22.11 

25.54 

chloro-3,  4-dihydroquin- 

24.70 

25.15 

25.19 

azoline 

Av.  25.32 

25.59 

o-Chloroaniline  samples  in 

33.78 

38.00 

27.83 

gelatin  capsules 

35.91 

40.08 

27.61 

Av.  27.72 

27.79 

p-Bromoaniline 

48.50 

53 . 25 

46.72 

46.66 

50.81 

46.34 

37.22 

40.84 

46.69 

Av.  46.58 

46.47 

p-Dibromobenzene 

16.73 

26.70 

67.91 

22.40 

35.42 

67.29 

34.40 

54.64 

67,59 

Av.  67.60 

67.75 

Methylene-bis-p-bromoan- 

12.96 

14.53 

47.71 c 

44.89 

iline  (1)  Alkaline  solu¬ 

21.68 

23.37 

45.87 

tion  filtered,  AgN03 

18.68 

20.25 

46.13 

added,  acidified,  NjHi 

14.91 

16.38 

46.75 

added 

(2)  As  in  (1),  but  large 

24.62 

26.00 

44.944 

excess  of  HNOs 

27.19 

28.93 

45.28 

(3)  Hydrazine  added  to 

12.98 

13.62 

44.66 

alkaline  solution;  recom¬ 

28.96 

30.60 

44.93 

mended  procedure 

Av.  44.80 

A'-(2-benzalamino-5-bromo- 

24.60 

20.81 

36.00 

benzyl)-4-chloroaniline 

28.88 

24.60 

36.28 

30.54 

25.71 

35.83 

Av.  36.04 

35.99 

3-p-Bromophenyl-6-bromo- 

26.47 

27.08 

43.54 

3,4-dihyaroquinazoline 

26.45 

27.05 

43.52 

Av.  43.53 

43.66 

•n-Butyl  iodide,  b.  p.  130.4- 

21.68 

27.59 

68.79 

131.3°  corrected.  Sam¬ 

26.48 

33.69 

68.77 

ples  in  gelatin  capsules 

25.95 

33.06 

68.87 

Av.  68.81 

68.98 

o-Iodobenzoic  acid  (1)  Al¬ 

28.93 

23.27 

43 .48  e 

51.17 

kaline  solution  filtered 

43.58 

36.12 

44.82 

and  black  residue  washed 

22.56 

13.44 

32.20 

with  water 

(2)  Alkaline  solution  fil¬ 

42.10 

39.75 

51.04* 

tered  and  black  residue 

20.76 

19.59 

51.01 

dissolved  in  dilute  HN03 

Av.  51.03 

(3)  Filtered  alkaline  solu¬ 

20.87 

19.72 

51.08 

tion  treated  with  AgN03, 

52.06 

49.07 

50.95 

then  acidified  and  N2H4 

added 

Av.  51.02/ 

(4)  Reduction  by  hydra¬ 

24.58 

23.30 

51.24 

zine  in  alkaline  solution; 

28.12 

26.73 

51.38 

liquid  filtered,  acidified, 

23.63 

22.31 

51.14 

AgN03  added.  Recom¬ 

mended  procedure 

25.99 

24.43 

50.81 

Av.  51.14 

a  Weighings  made  on  semimicrobalance. 

&  Blanks  deducted. 

c  Results  by  this  procedure  are  all  much  too  high,  owing  to  contamination 
of  AgBr  by  precipitation  in  alkaline  solution. 

d  Excess  nitric  acid  decreased  but  did  not  eliminate  contamination  of 
AgBr  precipitated  in  alkaline  solution. 

*  Black  residue  removed  by  filtration  of  alkaline  extract  contained  iodine, 
which  was  recovered  by  washing  with  dilute  nitric  acid. 

/  Iodine  was  satisfactorily  determined  by  this  procedure,  in  which  only 
the  small  precipitate  of  Agl  formed  in  alkaline  liquid  is  subject  to  contami¬ 
nation,  most  of  iodine  (initially  present  as  iodate)  being  precipitated  later 
after  reduction  by  hydrazine  in  acid  solution. 
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excess  sodium  peroxide,  an  operation  which  is  shortened  if  some 
granular  Alundum  (grain  size  16)  is  introduced  (5). 

If  only  chlorine  is  to  be  determined  acidify  the  cooled  solution 
by  cautious  addition  of  10  ml.  of  concentrated  nitric  acid,  which 
is  run  in  slowly  along  a  rod  extending  obliquely  into  the  covered 
beaker.  If  bromine  or  iodine  is  to  be  determined,  introduce  into 
the  hot  (not  boiling)  alkaline  liquid  1  gram  of  pure  hydrazine 
sulfate,  stir  to  dissolve  the  salt,  and  heat  the  solution  just  below 
boiling  until  the  slow  effervescence  ceases  (about  an  hour  for 
reduction  of  iodate  and  a  shorter  time  for  bromate).  Cool  the 
solution,  and  acidify  by  adding  10  ml.  of  concentrated  nitric  acid 
in  the  manner  outlined  above.  Approach  the  neutral  point 
carefully,  with  the  liquid  not  more  than  moderately  warm.  If 
a  yellow  or  brown  color  appears  when  the  solution  becomes  acid 
the  reduction  of  bromate  or  iodate  was  probably  incomplete.  In 
this  case  the  prompt  addition  of  a  little  hydrazine  sulfate  may 
save  the  analysis. 

Filter  the  acidified  solution  through  paper,  collecting  the 
filtrate  in  a  250-ml.  beaker.  Wash  the  paper  with  hot  water, 
collecting  the  washings  with  the  main  liquid.  Add  water  if 
needed  to  bring  the  volume  to  125  ml.  Introduce  slowly  and 
with  stirring  5  ml.  of  1.7  per  cent  silver  nitrate  solution.  Boil 
the  liquid  for  some  minutes  to  coagulate  the  precipitate,  and  allow 
to  stand  for  several  hours  or  overnight  away  from  strong  light. 
The  analyses  reported  below  were  allowed  to  stand  overnight. 

Decant  the  liquid  through  a  10-ml.  Gooch  crucible,  and  wash 
the  precipitate  in  the  beaker  several  times  with  1  to  100  nitric 
acid  by  decantation.  Transfer  the  precipitate  completely  to 
the  filter,  cleaning  the  beaker  by  use  of  a  small  policeman  and  a 
fine  stream  of  1  to  100  nitric  acid,  and  wash  the  precipitate  on  the 
filter  twice  with  1  to  100  nitric  acid.  Using  very  light  suction, 
wash  filter  and  precipitate  with  alcohol  and  then  with  ether. 
Dry  the  crucible  and  precipitate  at  130-140°  for  an  hour,  trans¬ 
fer  to  a  desiccator,  and  when  the  crucible  has  cooled  to  room 
temperature  set  it  in  the  balance  case.  After  10  to  15  minutes 
weigh  the  crucible  to  0.02  mg.  Repeat  the  drying,  etc.,  until  it 
is  certain  that  the  weight  is  constant  within  0.03  mg. 

Conduct  several  blank  analyses  in  an  identical  manner,  using 
no  sample  but  0.2  gram  of  sucrose.  The  precipitate  of  silver 
chloride  may  be  barely  visible,  and  it  must  be  allowed  to  stand 
overnight  before  filtration,  or  it  may  be  incompletely  retained  on 
the  filter.  In  the  work  described  the  best  obtainable  grade  of 
sodium  peroxide  was  used,  and  the  blanks  for  two  lots  were  as 
follows:  (1)  0.52,  0.46,  0.53  mg.,  average  0.50  mg.:  (2)  0.32, 
0.35,  0.40  mg.,  average  0.36  mg.  If  hydrazine  sulfate  is  used  in 
the  analysis,  a  like  amount  must  be  included  in  the  blank  unless 
the  salt  is  entirely  free  of  chloride. 

Results  obtained  by  the  procedure  described  are  presented 
in  Table  I,  which  includes  also  the  results  of  experimental 
trials  made  to  test  several  points  mentioned  in  the  intro¬ 
duction. 

Determination  of  Halogen  in  Liquid  Substances 

Weighed  and  Decomposed  in  Glass  Ampoules 

The  uncertainties  introduced  when  the  sample  is  con¬ 
tained  in  a  glass  ampoule  include  possible  protection  of  the 
sample  from  complete  decomposition  if  the  ampoule  is  not 
broken  before  or  during  the  mixing  of  the  charge,  and  the 
interference  by  the  silicic  acid  which  may  separate  when  the 
alkaline  extract  is  acidified.  The  presence  of  silicic  acid 
excludes  any  convenient  procedure  for  the  accurate  gravi¬ 
metric  determination  of  halogen,  and  it  interferes  with  a 
volumetric  procedure  which  requires  filtration  to  remove 
silver  halide,  for  the  complete  washing  of  a  precipitate  which 
contains  gelatinous  silicic  acid  may  not  be  feasible.  Trials 
were  therefore  made  using  the  Volhard  volumetric  method 
with  the  filtration  omitted,  the  back-titrations  being  made 
in  the  presence  of  the  precipitate  of  silver  halide  and  silicic 
acid  and  of  nitrobenzene  to  protect  the  silver  halide  (4). 
Blanks  were  determined  by  the  same  procedure.  The  silver 
nitrate  and  thiocyanate  solutions  were  0.04  A7  and  0.02  N, 
respectively. 

Results  by  this  procedure  were  satisfactory  in  the  cases 
of  o-chlorobenzoic  acid  (decomposed  in  presence  of,  but  not 
in,  a  glass  ampoule)  and  o-chloroaniline  introduced  in  a  glass 
ampoule.  For  o-chlorobenzoic  acid  results  were  22.74  and 
22.64  per  cent  chlorine;  calculated  22.65  per  cent.  For  o- 


chloroaniline  results  were  27.73,  28.08,  and  27.90  per  cent 
chlorine;  calculated  27.79  per  cent.  Analyses  of  n-butyl 
chloride,  chlorobenzene,  and  bromobenzene,  all  introduced 
in  glass  ampoules,  gave  results  many  of  which  were  too  low. 
In  some  cases  this  could  be  attributed  to  incomplete  de¬ 
compositions.  In  the  determination  of  bromine  accuracy 
was  unavoidably  decreased,  owing  to  the  analytical  dis¬ 
advantage  inherent  in  the  small  volumes  of  the  effective 
titrations.  It  appears  from  the  results  of  these  trials  that  a 
procedure  which  involves  decomposition  of  the  sample 
introduced  in  a  glass  ampoule,  and  determination  of  halogen 
by  the  Volhard  titration  without  filtration — i.  e.,  in  presence 
of  the  precipitate  of  silver  halide  and  of  silicic  acid — is 
practicable,  provided  complete  decomposition  of  the  sample 
is  assured,  though  results  for  bromine  and  iodine  may  be 
expected  to  be  less  accurate  and  concordant  than  is  desirable. 
The  use  of  gelatin  capsules  as  containers  for  liquid,  volatile, 
or  hygroscopic  substances,  and  the  gravimetric  determination 
of  the  halogens  are  recommended  as  more  satisfactory 
procedures. 

Work  is  now  in  progress  on  the  extension  of  the  use  of  the 
semimicrobomb  for  the  determination  of  phosphorus  and  of 
arsenic  in  organic  compounds. 

Summary 

A  gravimetric  procedure  is  described  for  the  semimicro¬ 
determination  of  chlorine,  bromine,  and  iodine  in  organic 
compounds  following  decomposition  in  the  Parr  sodium 
peroxide  semimicrobomb.  The  volumetric  semimicrode¬ 
termination  of  halogens  by  the  Volhard  titration  is  not  recom¬ 
mended,  especially  for  bromine  and  iodine,  as  the  effective 
titrations,  using  solutions  of  such  strengths  that  satisfactory 
end  points  are  obtained,  are  too  small  to  ensure  results  of 
acceptable  accuracy  and  consistency. 

The  determination  of  halogen  in  liquid  samples  weighed  and 
introduced  in  glass  ampoules  may  be  obstructed  by  the 
protective  effect  of  the  containers,  which  may  be  the  cause 
of  incomplete  decompositions,  and  by  the  precipitation  of 
silicic  acid  when  the  alkaline  liquid  from  the  decomposition 
is  acidified.  These  disadvantages  are  avoided  by  use  of 
small  gelatin  capsules  for  liquid  samples. 
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Spectrographic  Limit  of  Identification 

of  Potassium 

DANIEL  P.  NORMAN  AND  W.  W.  A.  JOHNSON 
New  England  Spectroehemical  Laboratories,  West  Medway,  Mass. 


IT  IS  well  known  (5)  that  spectrographic  tests  are  of  high 
sensitivity  for  elements  in  the  first  two  columns  of  the 
periodic  table  and  of  low  sensitivity  for  elements  in  the  last 
few  columns  of  the  periodic  table,  and  (2,  J+,  7,  9)  that  the 
intensities  of  the  emission  lines  of  any  element  are  a  function 
of  the  spectrographic  and  photographic  techniques  used,  the 
matrix  in  which  the  element  appears,  the  anions  with  which  it 
is  associated  (S),  and  the  intrinsic  brightness  of  its  lines. 

There  is  general  agreement  among  spectroscopists  in  this 
country  that  the  direct  current  arc  is  the  most  satisfactory 
source  to  use  in  qualitative  spectrographic  analysis,  and  that 
when  dealing  with  very  small  amounts  of  materials  the  lower 
electrode,  which  holds  the  sample,  should  be  the  cathode 
(7,  9) .  In  the  case  of  potassium,  Steadman,  Hodge  and  Horn, 
(, 8 )  have  reported  that  they  could  detect  from  1  to  5  micro¬ 
grams  in  the  direct^  current  arc,  using  the  potassium  lines 
4044.1  and  4047.2  A.  Using  these  lines,  however,  the  au¬ 
thors  found  that  the  spectrographic  sensitivity  of  potassium 
varied  by  factors  of  several  hundredfold  and  that,  in  general, 
the  sensitivity  was  not  so  great  as  it  was  reported  to  be.  They 
therefore  investigated  the  spectrographic  limit  of  detection  of 
potassium  in  the  direct  current  arc  for  both  the  sensitive  ( 6 ) 
doublets : 


X 

Int. 

X 

Int. 

4044 . 14 

800 

and 

7664.91 

9000 

4047.20 

400 

7698.98 

5000 

the  strongest  lines  of  the  element, 

arising  from  the  lowest 

energy  values.  These  lines  will  hereafter  be  referred  to  simply 
as  the  doublets  at  4000  A.  and  at  7600  A.  These  latter 
lines  are  seldom  used  because  specially  sensitized  plates  are 
required  to  photograph  them,  and  the  dispersion  of  prism 
spectrographs  is  low  in  that  wave-length  region. 

Procedure 

The  spectrograms  were  taken  in  theofirst  order  of  a  3-meter 
grating  spectrograph  ( 1 ),  dispersion  5.6  A.  per  mm.  The  4000  A. 
doublet  was  photographed  on  Eastman  33  plates,  the  7600  A. 
doublet  on  Eastman  Spectroscopic  I-N  plates.  Both  types  of 
plates  were  processed  in  accordance  with  othe  manufacturer’s  di¬ 
rections.  When  photographing  the  4000  A.  doublet  the  overlap¬ 
ping  second  order  spectrum  was  absorbed  by  a  Corning  No.  738 
filter  placed  before  the  slit;  in  the  case  of  the  7600  A.  lines  by  a 
Wratten  Cine-Red  filter.  An  enlarged  image  of  the  arc  was 
formed  on  the  slit  of  the  spectrograph  with  a  quartz  lens  and  was 
so  adjusted  that  the  image  of  the  cathode  fell  just  off  the  edge  of 
the  Hartmann  slide  delimiting  the  slit  length. 

The  direct  current  arc  was  operated  at  15  amperes  (250-volt 
input).  The  voltage  across  the  electrodes  varied  from  40  to  50 
volts,  depending  on  the  sample  being  arced.  The  interelectrode 
gap  was  maintained  manually  at  3  mm.  as  the  electrodes  burned 
away,  with  the  aid  of  an  enlarged  image  formed  on  a  target  by  an 
auxiliary  lens.  The  electrodes  were  0.6-cm.  (0.25-inch)  diameter 
spectrographic  graphite  electrodes  manufactured  by  the  Na¬ 
tional  Carbon  Co.  In  the  lower  (cathode)  electrode  a  crater  5 
mm.  wide  and  4  mm.  deep  was  drilled  by  a  special  fixture.  The 
upper  electrode  was  pointed  in  a  pencil  sharpener  reserved  ex¬ 
clusively  for  this  purpose. 

For  each  sample  a  fresh  pair  of  electrodes  was  introduced  in  the 
arc  stand,  and  preburned  for  40  seconds  to  volatilize  any  traces 
of  metal  that  might  have  been  introduced  in  preparing  the  elec¬ 
trodes.  Then  a  40-second  spectrogram  was  taken  to  record  any 
impurities  intrinsically  present  in  the  electrodes,  and  the  cathode 
was  removed  and  cooled  rapidly  in  a  metal  block.  Samples  con¬ 


taining  potassium  as  an  impurity  were  weighed  directly  into  the 
cathode.  Potassium  salts  were  dissolved  in  distilled  water 
(which  had  been  found  potassium-free)  and  0.1  ml.  of  solution  of 
the  appropriate  concentration  was  placed  in  the  cathode,  which 
was  then  dried  at  110°  C.  The  loaded  electrode  was  replaced 
in  the  arc  stand,  the  spectrograph  shutter  opened,  the  arc 
started,  and  the  spectrograph  plate-holder  racked  down  every 
40  seconds  until  the  sample  was  completely  consumed.  The 
exposure  time  used  was  the  optimum  exposure  dictated  for  the 
authors’  spectrograph  by  the  twin  opposing  factors  of  maximum 
exposure  for  faint  lines  and  minimum  exposure  for  the  back¬ 
ground  to  permit  maximum  visibility  for  faint  lines.  In  general, 
the  bulk  of  the  potassium  was  volatilized  during  the  first 
exposure. 


Table  I.  Limit  of  Detection  of  Potassium 


K  Introduced 

Limit  of  Detection 

Column  2 

as 

4044—4047 

7664-7698 

Micrograms 

Column  3 

KCl 

120 

0.6 

200 

KOH 

180 

0.08 

2250 

K1PO4 

95 

0.08 

1200 

KMnOt 

320 

0.2 

1600 

K2Cr207 

240 

0.8 

300 

KCsHtSOi 

200 

0.2 

1000 

Na2CO* 

10 

0.04 

250 

Na2C20( 

16 

0.04 

400 

V206 

40 

0.04 

1000 

Glass'1 

20 

0.06 

330 

°  Bureau  of  Standards  borosilicate  glass,  standard  93 


Results 

The  limit  of  detection  of  potassium  was  studied  for  six  of  its 
salts  and  for  four  compounds  containing  it  as  a  minor  im¬ 
purity.  The  observed  limits  of  detection  are  listed  in  Table  I. 
The  first  column  tabulates  the  form  in  which  the  potassium 
was  introduced  in  the  arc,  the  second  column  lists  the  limit  of 
detection  for  the  4000  A.  doublet,  the  third  column  lists  the 
limit,  of  detection  for  the  7600  A.  doublet,  and  the  last  column 
gives  the  ratio  of  the  two  limits  of  detection  given  in  the  pre¬ 
ceding  columns. 

The  figures  represent  the  smallest  amount  of  potassium 
(introduced  in  the  form  listed  in  column  1)  which  can  always 
be  detected  with  certainty.  One  half  of  these  amounts  may  or 
may  not  be  detected .  One  quarter  of  these  amounts  will  us ually , 
but  not  invariably,  not  be  detected.  Whenever  one  line  of  a 
doublet  was  present,  the  second  line  invariably  was  present. 

The  striking  variation  in  the  spectrographic  sensitivity  of 
potassium  demonstrated  in  Table  I  can  be  attributed  primar¬ 
ily  to  uncontrollable  changes  in  the  conditions  of  excitation 
in  the  arc  produced  by  variations  in  the  constituents  being 
volatilized.  This  phenomenon  is  most  prominently  shown  by 
the  two  samples  whose  major  constituent  is  sodium.  While 
the  volatile  sodium  is  coming  off  in  the  arc,  very  little  carbon 
is  volatilized  from  the  electrodes  and  the  cyanogen  bands  are 
correspondingly  faint,  thus  allowing  faint  potassium  lines  to 
be  seen.  In  general  it  may  be  said  that  the  limit  of  detection 
of  potassium  at  the  4000  A.  doublet  is  set  primarily  by  the  in¬ 
tensity  of  the  heavy  cyanogen  bands  (8)  rather  than  by  the 
faintness  of  the  potassium  lines.  This  point  is  further  demon¬ 
strated  by  the  fact  that  where  the  theoretical  ratio  of  intensi¬ 
ties  of  the  7600  A.  doublet  to  the  4000  A.  doublet  is  roughly 
10  to  1,  the  observed  ratio  of  the  limits  of  detection  at  4000  A. 
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to  the  limits  of  detection  at  7600  A.  (column  4,  Table  I)  varies 
from  200  to  2200. 

Summary 

The  spectrographic  limits  of  detection  of  potassium  in  the 
direct  current  arc  for  the  doublets  4044-4047  and  7664-7698 
have  been  studied  for  six  potassium  salts  and  four  compounds 
containing  potassium  as  minor  impurities.  The  limits  of  de¬ 
tection  vary  widely,  depending  on  the  form  in  which  the 
sample  is  introduced.  The  limit  of  detection  for  the  7600  A. 
doublet  is  several  hundred  times  lower  than  for  the  4000  A. 
band,  largely  because  the  latter  are  masked  by  heavy  cyano¬ 
gen  bands.  The  limit  of  detection  of  the  4000  A.  doublet 
varies  from  10  to  300  micrograms  for  the  materials  investi¬ 
gated,  and  for  the  7600  A.  doublet  it  ranges  from  0.04  to  0.8 
microgram. 
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Relation  of  Shape  to  the  Passage  of  Grains 

through  Sieves 

GORDON  RITTENHOUSE 

Sedimentation  Division,  Soil  Conservation  Service,  Greenville,  S.  C. 


NOTWITHSTANDING  the  widespread  use  of  sieves  for 
sizing  sands  and  other  particulate  materials,  many 
problems  relating  to  the  meaning  and  interpretation  of  sieving 
data  remain  unsolved  or  partially  solved.  One  such  problem 
concerns  the  actual  diameters  of  grains  passed  or  retained  by 
sieves.  Although  many  factors  are  known  to  influence  the 
size  of  grain  passed  or  retained,  very  few  data  have  been  pub¬ 
lished,  either  on  the  net  effect  of  these  factors  or  on  their 
relative  importance. 

Recently  microprojection  measurements  on  a  natural 
stream  sand  showed  that  from  30  to  50  per  cent  of  the  grains 
retained  on  sieves  of  a  x/2  series  had  intermediate  diameters 
larger  than  the  rated  openings  of  the  next  largest  sieve  (4). 
Thus  the  effective  size  of  the  sieve  openings,  as  measured  by 
the  intermediate  grain  diameters,  was  considerably  larger 
than  the  rated  size  of  the  openings.  The  passage  of  these 
oversize  grains  through  the  sieves  was  thought  to  be  due  mainly 
to  two  factors — (1)  the  relative  importance  of  the  few  over¬ 
size  holes  in  the  sieves,  and  (2)  the  passage  of  flattened  grains 
diagonally  through  the  sieve  openings.  This  article  presents 
some  data  on  the  quantitative  importance  of  these  two 
factors  and  outlines  several  types  of  investigations  in  which 
shape-calibrated  sieves  can  be 
used  advantageously. 


gravity  2.92).  The  “heavy”  minerals  that  sank  and  the 
“light”  minerals  that  floated  were  removed  to  separate  filter 
papers,  washed  with  alcohol,  and  dried.  After  removal  of 
magnetite,  the  heavy  mineral  separates  consisted  dominantly 
of  ilmenite,  pyroxene,  and  hornblende,  and  smaller  amounts 
of  garnet,  apatite,  mica,  and  other  minerals.  The  light  mineral 
separates  were  composed  of  quartz,  feldspar,  calcite,  and  altered 
grains. 

Parts  of  the  light  and  heavy  mineral  separates  were  split  out 
with  an  Otto  microsplit  (2),  mounted  in  a  three-dimensional 
measuring  wedge  (S),  and  placed  on  the  stage  of  a  petrographic 
microscope  equipped  with  a  mechanical  stage  and  micrometer 
ocular.  Each  grain  was  identified  and  the  long  diameter,  a, 
the  short  diameter,  c,  and  the  intermediate  diameter,  6„  that 
controls  passage  of  grains  through  sieve  openings  were  measured. 
The  ratio  of  breadth  to  length,  6,/a,  and  the  flatness  ratio, 
c/6,,  were  computed  for  each  grain.  These  ratios  are  dimension¬ 
less  numbers  that  have  a  possible  range  from  one  to  zero. 

All  grains  measured  in  each  size  grade  were  classified  according 
to  flatness  ratio  (0.999-0.900,  0.899-0.800,  etc.)  and  the  average 
intermediate  diameter  was  computed  for  each  flatness  class. 
The  averages  for  the  smaller  flatness  ratios  were  based  mainly 
on  measurements  of  heavy  mineral  grains. 

These  data  are  presented  in  Table  I  and  Figure  1.  For 
comparison,  the  arithmetic  mean  diameter  of  each  size  grade, 


Laboratory  Technique 

A  60-gram  sample  of  channel 
sand  from  the  Rio  Grande  near 
Los  Lunas,  N.  M.,  was  placed 
in  a  nest  of  standard  wire-mesh 
sieves,  in  which  the  size  of 
openings  increased  from  fine  to 
coarse  approximately  as  the  a/2. 
After  14  minutes  of  shaking  in 
a  Rotap  mechanical  shaker,  the 
sand  retained  on  each  sieve  was 
removed  and  placed  in  a  separa¬ 
tory  funnel  partially  filled  with 
acetylene  tetrabromide  (specific 


Table  I.  Average  Intermediate  Diameters  for  Different  Flatness  Ratios 


0  351-0 

- oize  o 

0.246-0.175  mm. 

0.175- 

0.124  mm. 

0.124- 

■0.088  mm. 

Average 

Grains 

Average 

Grains 

Average 

Grains 

Average 

intermediate 

meas- 

intermediate 

meas- 

intermediate 

meas- 

intermediate 

Ratio 

measured 

diameter 

ured 

diameter 

ured 

diameter 

ured 

diameter 

No. 

Mm. 

No. 

Mm. 

No. 

Mm. 

No. 

Mm. 

0  999-0  900 

48 

0.314 

45 

0.228 

57 

0.166 

70 

0.115 

0  899  0.800 

67 

0.326 

61 

0.243 

71 

0.175 

83 

0.128 

0  799-0.700 

99 

0.341 

82 

0.252 

102 

0.184 

100 

0 . 135 

0  699-0.600 

83 

0.358 

83 

0.264 

108 

0.193 

93 

0.138 

0  599-0.500 

57 

0.367 

48 

0.277 

73 

0.200 

42 

0.143 

0  499-0.400 

26 

0.385 

30 

0.267 

28 

0.210 

42 

0 . 151 

0.399-0.300 

8 

0.408 

6 

0.296 

11 

0.227 

11 

0.153 

0 . 299-0 . 200 

15 

0.419 

2 

0.290 

4 

0.211 

.  c  . 

0.199-0.100 

9 

0.425 

6 

0 . 258 
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Figure  1.  Relation  of  Flatness  Ratio,  Measured  Inter¬ 
mediate  Diameter,  and  Arithmetic  Mean  Intermediate 

Diameter 

A,  B,  C ,  and  D  are  for  0.351-  to  0.246-mm.,  0.246-  to  0.175-mm.,  0.175-  to 
0.124-mm.f  and  0.124-  to  0.088-mm.  size  grades,  respectively. 


computed  by  averaging  the  rated  openings  of  the  two  limiting 
sieves,  is  shown  in  Figure  1  by  dashed  horizontal  lines. 

Discussion 

It  is  readily  apparent  from  Figure  1  that  (1)  the  average 
intermediate  diameter,  bs,  of  particles  in  each  sieve  fraction  is 
inversely  proportional  to  the  flatness  ratios;  (2)  the  relation¬ 
ship  is  linear  when  plotted  arithmetically;  (3)  at  1.00  flatness 
the  measured  intermediate  diameter  is  slightly  larger  than 
the  arithmetic  mean  intermediate  diameter;  and  (4)  the 
flatness  ratio  at  which  the  measured  intermediate  diameter 
is  the  same  as  the  arithmetic  mean  intermediate  diameter  of 
the  next  larger  size  grade  increases  with  decreasing  grain 
size. 

Apparently  there  are  two  ways  in  which  shape  is  related 
to  the  size  of  grain  that  will  pass  or  be  retained  by  a  particular 
sieve.  First,  if  all  the  openings  in  a  sieve  were  square  and 
were  exactly  the  same  size,  flattened  grains  would  pass 
diagonally  through  the  openings.  Secondly,  in  the  manu¬ 
facture  of  sieves,  some  variation  in  the  size  and  shape  of 
openings  is  unavoidable.  Consequently,  the  size  and  shape 
of  grains  passed  or  retained  will  be  related  to  the  number, 
size,  and  shape  of  the  offsize  openings. 


The  extent  to  which  diagonal  passage  will  occur  depends, 
not  only  on  the  flatness  ratio,  but  also  on  the  cross  section  of 
the  particle  in  the  b,-c  plane.  If  the  particles  were  rec¬ 
tangular  in  cross  section,  only  those  with  flatness  ratios  less 
than  0.40  would  be  passed  diagonally  through  holes  too  small 
to  pass  them  in  the  normal  way.  In  the  case  of  grains  of 
elliptical  or  rhombic  cross  section,  however,  grains  of  higher 
flatness  ratios  would  be  passed  diagonally.  The  maximum 
effect  wrould  be  for  particles  of  rhombic  cross  section.  For 
such  grains,  the  relation  between  intermediate  diameter  and 
flatness  has  been  determined  graphically,  and  is  indicated  for 
each  size  grade  by  a  dash-dot  curve  in  Figure  1.  In  these 
determinations,  the  grains  were  assumed  to  lie  in  their  most 
stable  position  on  a  plane  surface,  the  same  assumption  made 
in  measuring  the  actual  particles.  For  particles  with  flatness 
ratios  approximating  zero,  the  limiting  intermediate  diameter 
would  be  \/2  times  the  rated  openings. 

The  difference  in  average  intermediate  diameter  between 
the  theoretical  rhombic-section  curves  and  the  experimental 
curves  of  Figure  1  is  the  minimum  that  cannot  be  explained 
by  diagonal  passage  of  particles  through  square  holes.  Be¬ 
cause  most  grains  are  not  rhombic  in  cross  section,  the  actual 
differences  due  to  offsize  openings  are  probably  much  greater, 
particularly  in  the  flatness  range  from  0.9  to  0.6.  Cross- 
sectional  measurements  were  not  made  during  the  present 
investigation,  and  consequently  the  effect  of  diagonal  passage 
of  grains  cannot  be  evaluated  more  precisely  at  this  time. 
Whatever  the  actual  relations  between  flatness  ratio,  inter¬ 
mediate  diameter,  and  arithmetic  mean  intermediate  di¬ 
ameters  may  be  for  a  particular  substance  passing  square 
holes,  that  relation  would  be  the  same  for  all  size  grades, 
except  as  the  probability  of  grains  passing  the  sieves  is 
affected  by  the  relative  area  of  wire  and  mesh  ( 1 ) . 

Of  the  offsize  openings  in  sieves,  those  that  are  oversize 
will  be  more  important  than  those  that  are  undersize  in 
determining  the  size  and  shape  of  grains  passed  or  retained. 
Thus,  if  all  offsize  holes  were  square  and  were  present  in  the 
same  relative  proportions  in  the  different  sieves,  the  measured 
average  intermediate  diameter  would  increase,  but  the  new 
relation  between  flatness  ratio,  intermediate  diameter,  and 
arithmetic  mean  intermediate  diameter  would  be  the  same 
for  all  size  grades.  But  actually  there  will  be  many  more 
offsize  rectangular  openings  than  offsize  square  holes,  and 
more  variation  will  occur  in  sieves  of  fine  mesh  than  in  sieves 
of  coarse  mesh.  In  consequence,  oversize  grains  of  low 
flatness  ratio  will  be  passed  in  greater  numbers,  and  this 
effect  will  be  more  pronounced  as  the  sieve  mesh  becomes 
finer.  This  is  shown  in  Figure  1,  where  the  flatness  ratio  at 
which  the  average  intermediate  diameter  equals  the  arith¬ 
metic  mean  intermediate  diameter  of  the  next  larger  size 
grade  increases  from  about  0.17  for  the  0.351  to  0.246-mm. 
size  grade  to  about  0.45  for  the  0.124  to  0.088  mm.  size  grade. 

The  grain  measurements  also  were  analyzed  to  determine 
the  relation,  if  any,  between  the  breadth/length  ratio  and  the 
size  of  grains  passed  or  retained.  No  definite  relation  was 
found.  Few  of  the  grains  had  breadth/length  ratios  less 
than  0.50,  however,  and  consequently  the  data  did  not  pro¬ 
vide  satisfactory  information  regarding  extremely  elongated 
particles. 

From  the  data  presented,  there  seems  little  doubt  that 
sets  of  sieves  may  be  calibrated  for  both  size  and  shape  from 
three-dimensional  measurements  of  particulate  materials. 
For  much  routine  work,  the  time  required  for  calibration  by 
methods  described  above  will  be  prohibitive.  Since  much 
of  the  difference  between  measured  and  arithmetic  mean  in¬ 
termediate  diameters  is  due  to  the  oversized  openings  in  the 
sieves,  it  may  be  possible  to  simplify  and  shorten  shape 
calibration  by  establishing  a  direct  relationship  between  experi¬ 
mental  curves  of  the  type  shown  in  Figure  1  and  the  standard 
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deviations  of  the  offsize  openings  as  determined  by  the 
method  of  Weber  and  Moran  (5).  Unfortunately,  such  a 
relationship  could  not  be  established  by  the  present  in¬ 
vestigation,  which  was  a  by-product  of  a  larger  problem. 
The  shape  data  were  obtained  several  years  after  the  sample 
was  sized,  and  the  sieves,  though  still  available,  had  been 
used  so  much  during  the  intervening  period  that  any  relation¬ 
ships  based  on  measurements  of  their  openings  at  the  later 
data  would  be  of  questionable  validity.  There  is  also  the 
possibility  that  standard  samples  can  be  used  effectively  in 
shape  calibration  of  sieves. 

For  some  research  problems,  however,  shape-calibrated 
sieves  may  yield  information  that  will  amply  j  ustify  the  time 
required  for  calibration.  One  such  problem  is  the  correlation 
of  textural  data  obtained  by  sieving,  elutriation  or  sedimenta¬ 
tion,  and  microprojection.  Preliminary  studies  by  the 
writer,  for  example,  have  shown  that  about  80  per  cent  of 
sand  grains  in  a  size  grade  will  settle  through  water  at  the 
same  rate  as  would  spheres  with  diameters  between  the  rated 
sieve  openings.  In  the  same  samples,  30  to  50  per  cent  of 
the  grains  have  intermediate  diameters  larger  than  the 
rated  sieve  openings. 

Shape-calibrated  sieves  also  can  be  used  to  provide  data  on 
the  relation  of  grain  shape  to  such  mass  properties  as  per¬ 
meability,  porosity,  and  strength,  and  to  give  a  sounder  basis 
for  determining  average  grain  volume,  weight,  or  surface, 
and  specific  surface.  After  sieving,  the  long  and  inter¬ 


mediate  diameters  in  each  size  grade  would  be  measured  by 
microprojection  methods.  Then,  using  the  average  inter¬ 
mediate  diameter  and  the  calibration  curves,  an  average 
flatness  ratio  and  an  average  short  diameter  would  be  ob¬ 
tained.  Thus  two-dimensional  measurements,  requiring  no 
more  time  than  other  micro  projection  methods  that  are  now 
in  use,  would  yield  three-dimensional  shape  data. 

The  curves  of  Figure  1  were  obtained  on  a  particular  set 
of  sieves  which  have  certain  average  openings  and  certain 
dispersion  of  offsize  openings.  Sets  of  sieves  having  different 
average  openings  or  different  dispersion  of  offsize  openings 
will  require  separate  calibration. 
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Photometric  Routine  Estimation  of  Traces 

of  Lead  by  Dithizone 

Application  to  Materials  Used  in  the  Manufacture  of  Cosmetics 
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THE  desirability  of  a  simple  method  for  routine  analysis 
of  raw  materials  for  traces  of  lead  is  obvious,  particu¬ 
larly  in  analytical  laboratories  of  the  food,  pharmaceutical, 
and  cosmetic  industries.  It  is  further  desirable  that  the 
method  involve  the  use  of  only  stable,  readily  prepared  re¬ 
agents  and  be  capable  of  yielding  reliable  results  within  rea¬ 
sonable  limits  of  error  with  as  few  special  precautions  as  pos¬ 
sible. 

The  method  of  Bambach  (4)  is  rapid  and  useful  if  used  as 
recommended — i.  e.,  as  a  limit  test.  In  fact,  a  very  similar 
test  has  been  incorporated  in  the  United  States  Pharmaco¬ 
poeia  ( 10 )  for  use  on  reduced  iron.  However,  much  of  its  ad¬ 
vantage  is  lost  in  attempting  to  use  it  for  actual  routine  analy¬ 
sis  because  of  the  necessity  of  daily  preparation  of  color 
standards  which  are  unstable.  It  would  appear  that  recourse 
to  one  of  the  well-known  photometric  procedures  ( 8 ,  7,  8 )  is 
the  logical  solution  if  a  dithizone  method  is  to  be  used.  Hence, 
the  method  here  described  is  an  adaptation  of  these  proce¬ 
dures  with  provision  for  elimination  of  interferences  not  or¬ 
dinarily  encountered  in  biological  materials.  The  only  spe¬ 
cial  instrument  used  is  a  comparatively  inexpensive  photo¬ 
electric  colorimeter,  the  Lumetron  model  400  made  by  the 


Photovolt  Corporation,  which  uses  standard  18  X  150  mm. 
test  tubes  as  sample  holders.  The  advantage  of  numerous 
sample  holders  is  readily  apparent  when  several  samples  are 
run  simultaneously,  as  is  frequently  the  case  in  a  control  labo¬ 
ratory.  This  instrument,  with  one  of  the  filters  with  which 
it  is  regularly  equipped  (transmission  maximum  at  530  mg), 
gives  very  satisfactory  results. 

The  authors  have  had  extensive  experience  with  the 
A.  O.  A.  C.  electrolytic  method  ( 2 )  and  have  found  it  very 
satisfactory  on  materials  which  contain  at  least  50  p.  p.  m.  of 
lead.  Materials  containing  less  lead  may,  of  course,  be  run 
by  this  method,  but  much  time  is  lost  in  preparing  the  neces¬ 
sarily  large  samples.  Even  in  the  case  of  such  substances  as 
zinc  oxide,  which  are  most  readily  analyzed  by  the  electro¬ 
lytic  method,  the  dithizone  procedure  here  described  has  been 
found  more  rapid. 

All  the  reagents  used,  with  the  exception  of  the  dithizone 
solution,  will  keep  indefinitely  in  glass-stoppered  Pyrex 
bottles.  If  the  dithizone  solution  is  properly  prepared  (see 
reagents)  and  stored  in  the  dark  at  40°  F.,  it  should  remain  in 
usable  condition  for  at  least  several  months  (6).  Few  of  the 
reagents  are  specially  purified,  and  comparatively  small  quan- 
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Table  I.  Acid-Extractable  Lead 
Lead 

Substance  Sample  Found  Av.  Blank  Av.  Net  Net 
Gram  ■ - Micrograms - .  P.  p.  m 


TiOj 

0.5 

9.5,  9.2 

9.35 

1.7, 

1.4 

1.55 

7.8 

16 

Talc 

1.0 

1.6, 

1.4 

1.5 

0.6, 

0.6 

0.6 

0.9 

0.9 

Kaolin 

1.0 

2.3, 

2.3 

2.3 

1.6, 

1.4 

1.5 

0.8 

0.8 

BaSOt 

1.0 

16.4, 17.4 

16.9 

0.7, 

0.4 

0.6 

16.3 

16 

Table  II.  Recovery  of  Added  Lead,  Acid-Extractable 


Lead  Av., 

Lead 

Lead 

Substance 

Sample 

Table  I 

Added 

Found 

Av. 

Gram 

Microgra 

ms 

Micrograms 

Ti02 

0.5 

7.8 

4 

11.8,  11.9 

11.85 

Talc 

1.0 

0.9 

2 

2.8,  3.0 

2.9 

Kaolin 

1.0 

0.8 

2 

2.6,  2.9 

2.75 

BaSCR 

1.0 

16.3 

5 

18.3,  18.4 

18.35 

tities  of  these  are  used,  so  that  preparation  of  reagents  is  not 
frequently  necessary.  While  more  accurate  results  may  be 
obtained  by  the  use  of  lead-free  reagents,  the  authors  have 
obtained  acceptable  results  within  the  desired  magnitude  of 
error  with  ordinary  reagent  grade  chemicals.  It  is  important, 
however,  to  run  blanks  carefully  in  all  determinations. 

The  method  as  set  forth  below  is  specific  for  lead,  thallium, 
and  bismuth.  Bismuth,  if  present,  may  be  readily  removed 
by  extraction  with  dithizone  at  pH  2  (11).  No  sample  of 
any  of  the  materials  described  in  this  article  has  been  found 
to  contain  bismuth  and  the  authors  have  accordingly  not 
felt  justified  in  including  a  separation  step  in  the  procedure. 
Instead,  it  is  recommended  that  only  such  samples  as  appear 
to  be  unusually  high  in  lead  be  examined  for  bismuth  which, 
if  present,  may  then  be  removed  as  suggested.  The  presence 
of  thallium,  which  is  determined  with  the  lead  except  when 
hydrogen  sulfide  is  used  in  preparation  of  the  sample,  is  ex¬ 
tremely  unlikely.  Thallium  may,  of  course,  be  eliminated  by 
a  preliminary  hydrogen  sulfide  isolation  of  the  lead.  How¬ 
ever,  the  authors  have  not  yet  encountered  a  single  sample 
which  contained  thallium. 

The  accuracy  and  reproducibility  of  results  obtained  by  this 
procedure  are  definitely  within  2  micrograms  and  very  prob¬ 
ably,  certainly  in  the  case  of  acid-extractable  lead  and  for 
acid-soluble  substances,  within  1  microgram. 

Typical  analyses,  in  duplicate,  are  shown  in  Tables  I  and 
III.  Known  amounts  of  lead  were  also  added  to  these  same 
samples  as  a  check  on  the  results  (Tables  II  and  IV).  In  the 
case  of  barium  sulfate,  poor  recovery  of  added  lead  is  ob¬ 
tained  (Table  II,  acid-extractable),  probably  because  of  ad¬ 
sorption,  since  good  recovery  is  obtained  in  the  determination 
of  total  lead. 

It  is  felt  that  the  distinction  between  acid-extractable  and 
total  lead  is  very  important  and  has  not  been  given  sufficient 
consideration  in  the  past.  The  U.  S.  Food  and  Drug  Ad¬ 
ministration,  for  example,  sets  a  limit  of  20  parts  per  million 
on  lead  in  cosmetic  materials  but  fails  in  most  cases  to  specify 
how  this  is  to  be  determined.  It  is  common  practice,  in 
cases  of  acid-insoluble  substances,  to  determine  only  acid- 
extractable  lead.  This  seems  justified  on  the  assumption 
that  lead  which  is  not  extractable  by  hot  acid  will  prob¬ 
ably  produce  no  dermatological  effects.  It  is,  therefore,  rec¬ 
ommended  that  for  ordinary  control  work  only  acid-extract¬ 
able  lead  be  determined,  although  procedures  for  total  lead  are 
included  here. 

Reagents 

Water.  Distilled  water  is  redistilled  in  Pyrex.  The  use  of 
rubber  stoppers  or  corks  is  avoided. 

Ammonium  citrate.  Ammonium  citrate  is  prepared  for  use 
according  to  the  directions  of  Bambach  (S) . 


Potassium  cyanide.  A  10  per  cent  solution  is  prepared  ac¬ 
cording  to  the  directions  of  Bambach  ( 3 )  with  the  following  varia¬ 
tion:  The  saturated,  deleaded  solution  is  boiled  briefly  before 
dilution.  This  serves  to  eliminate  chloroform  and  prevents  the 
solution  from  darkening  on  standing. 

Hydroxylamine  hydrochloride.  A  20  per  cent  solution  is  pre¬ 
pared  by  the  method  of  Bambach  (3). 

Ammonia-cyanide  solution,  75  cc.  of  concentrated  ammonium 
hydroxide  and  100  cc.  of  10  per  cent  lead-free  potassium  cyanide, 
made  up  to  500  cc.  with  redistilled  water  (7). 

Chloroform.  Chloroform  is  reclaimed  for  use  by  the  method 
of  Biddle  (5).  The  alcohol  used  as  preservative  is  freshly  dis¬ 
tilled  over  potassium  hydroxide  and  is  placed  in  the  receivers 
before  distillation  of  the  chloroform  (6). 

Dithizone.  Dithizone  is  purified  by  the  conventional  method 
(1).  A  purified  product  is  now  available  (Eastman  Kodak  Co.) 
and  may  be  used  directly. 

Dithizone  in  chloroform,  12.0  mg.  per  1000  ml.  by  direct 
weight,  is  stored  in  a  refrigerator. 

Nitric  acid,  concentrated,  1  to  1,  and  1  per  cent  (10  ml.  of  con¬ 
centrated  nitric  acid  plus  water  to  make  1000  ml.).  The  re¬ 
agent  grade  acid  is  not  purified. 

Sulfuric  acid,  concentrated  and  1  to  1.  The  reagent  grade 
acid  is  not  purified. 

Ammonium  hydroxide,  hydrochloric  acid,  sodium  sulfate,  and 
potassium  bisulfate.  Reagent  grade  chemicals  are  used  directly. 

Copper  sulfate  solution,  0.16  gram  of  c.  v.  copper  sulfate  per 
100  cc. 

Hydrofluoric  acid,  reagent  grade. 

Standard  lead  solution  (for  calibration).  Recrystallized  lead 
nitrate  is  dissolved  in  1  per  cent  nitric  acid  and  diluted  to  1  or  2 
micrograms  per  ml.  with  1  per  cent  nitric  acid. 


Table  III.  Total  Lead 

Sam-  Lead 

Substance  pie  Found  Av.  Blank  Av.  Net  Net 

Grams  * - Micrograms - — *  P.  p. 


MgCOs 

2 

.0 

7. 

8,  8 

.0 

7. 

.9 

2. 

.2, 

2 

.  5 

2. 

.3 

5 . 

.6 

2. 

8 

ZnO 

0. 

.  1 

2. 

9,  2 

.9 

2. 

.9 

1. 

.4, 

1. 

.2 

1. 

.3 

i . 

,6 

16 

Zinc 

stearate 

0 

.  5 

9. 

.2,  8 

.4 

8 

.8 

2 

.3, 

2 

.0 

2. 

.2 

6. 

.6 

13 

Ocher0 

0 

.  i 

4. 

2,  3 

.6 

3 

.9 

0 

.2, 

0 

.2 

0. 

.2 

3, 

,7 

37 

CaCOs 

5 

.0 

5. 

.4,  5 

.0 

5 , 

.2 

5 

.0, 

4 

.6 

4 

.8 

0. 

.4 

0. 

1 

TiOz 

0 

.2 

14. 

6,  14 

.0 

14. 

.3 

3 

.6, 

3 

.4 

3. 

,  5 

10. 

8 

54 

Talc 

2 

.0 

18, 

16 

.3 

17 

.15 

14 

.8, 

14 

.1 

14 

.45 

2. 

.7 

1. 

4 

Kaolin 

0 

.  5 

14. 

.8,  14 

.0 

14 

.4 

6 

■  0, 

5 

.  1 

5 

.5 

8. 

,9 

18 

BaSO* 

1. 

.0 

27. 

.0,27. 

.4 

27. 

.2 

3 

0, 

2 

.6 

2 

.8 

24. 

.4 

24 

a  An  iron 

oxide 

pigment. 

Procedure  for  Preparation  of  Sample 

Reasonable  precautions  to  avoid  contamination  should  be 
taken  and,  in  any  event,  blanks  should  be  treated  exactly  like 
the  samples.  Only  Pyrex,  Vycor,  or  platinum  containers 
should  be  used.  All  containers  should  be  washed  with  hot 
1  to  1  nitric  acid  and  thoroughly  rinsed  before  use. 

Acid-Extractable  Lead.  The  sample  is  digested  with  nitric 
acid  and  the  lead  determined  on  the  extract. 

Total  Lead.  The  entire  sample  is  brought  into  solution  ac¬ 
cording  to  the  methods  described  below.  In  the  case  of  acid- 
soluble  substances,  the  results  are  for  total  lead. 

Magnesium  Carbonate.  Dissolve  2.00  grams  of  the  sample  in 
10  ml.  of  1  to  1  nitric  acid.  Boil  to  eliminate  carbon  dioxide, 
cool,  and  dilute  to  about  75  cc.  in  a  separatory  funnel.  Add  3 
ml.  of  ammonium  citrate  solution  and  make  alkaline  to  phenol 
red  with  ammonium  hydroxide.  Add  0.5  ml.  of  hydroxylamine 
hydrochloride  solution  and  1  ml.  of  potassium  cyanide  solution. 

Zinc  Oxide.  Dissolve  0.100  gram  of  the  sample  in  1  ml.  of  1  to 
1  nitric  acid  and  wash  the  solution  into  a  small  separatory  funnel 
with  several  portions  of  water.  Add  3  ml.  of  ammonium  citrate 
solution  and  make  alkaline  to  phenol  red  with  ammonium  hy¬ 
droxide.  Add  0.5  ml.  of  hydroxylamine  hydrochloride  solution 
and  10  ml.  of  potassium  cyanide  solution. 

Zinc  Stearate.  Ash  0.500  gram  of  the  material  in  a  silica  or 
Vycor  crucible  in  a  muffle  furnace  at  475°  to  500°  C.  for  15  to  20 
minutes.  Cool  and  wet  the  residue  with  3  drops  of  concen¬ 
trated  nitric  acid.  Evaporate  to  dryness  over  a  low  flame  and 
return  to  the  muffle  for  20  to  30  minutes.  A  clean  white  ash 
should  result.  The  nitric  acid  treatment  may  be  repeated  if 
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necessary.  Dissolve  in  1  ml.  of  1  to  1  nitric  acid  and  wash  into 
a  small  separatory  funnel  with  several  portions  of  water.  Add  3 
ml.  of  ammonium  citrate  solution  and  0.5  ml.  of  hydroxylamine 
hydrochloride  solution  and  make  alkaline  to  phenol  red  with 
ammonium  hydroxide.  Then  add  10  ml.  of  potassium  cyanide 
solution. 

Cosmetic  Ochers  (ferric  oxides).  Boil  0.100  gram  with  2  ml. 
of  concentrated  hydrochloride  until  dissolved.  Add  3  drops  of 
nitric  acid  and  boil  to  eliminate  chlorine  and  oxides  of  nitrogen, 
adding  a  little  water  if  necessary.  Do  not  allow  the  solution  to 
go  to  dryness.  Transfer  to  a  separatory  funnel  and  add  5  ml.  of 
ammonium  citrate  solution  and  5  ml.  of  hydroxylamine  hydro¬ 
chloride  solution.  Make  alkaline  to  phenol  red  with  ammonium 
hydroxide  and  add  a  2-ml.  excess.  Cool  thoroughly  and  add  6 
ml.  of  potassium  cyanide  solution. 

Calcium  Carbonate.  Dissolve  5.00  grams  of  the  sample  in  15 
ml  of  1  to  1  nitric  acid,  boil,  and  cool  the  solution.  Add  5  ml.  of 
ammonium  citrate  solution  and  5  ml.  of  copper  sulfate  solution 
and  adjust  the  pH  to  3.0  to  3.4  (bromophenol  blue)  with  am¬ 
monium  hydroxide.  Saturate  with  hydrogen  sulfide,  filter,  and 
wash  with  3  portions  of  3  per  cent  sodium  sulfate  solution. 
(The  pH  of  a  3  per  cent  solution  of  sodium  sulfate  solution  is  ad¬ 
justed  to  3.0  to  3.4  and  the  resulting  liquid  saturated  with  hydro¬ 
gen  sulfide  before  using  it  as  a  wash.)  Dissolve  with  4  ml.  of  hot 
1  to  1  nitric  acid,  catching  the  filtrate  in  the  same  flask  in  which 
the  precipitation  was  carried  out.  Wash  with  six  small  portions 
of  hot  water,  adding  the  washings  to  the  filtrate.  Boil  to  elimi¬ 
nate  sulfide  and  transfer  to  a  small  separatory  funnel.  Add  3  ml . 
of  ammonium  citrate  solution  and  make  alkaline  to  phenol  red, 
adding  a  0.5-ml.  excess.  Add  0.5  ml.  of  hydroxylamine  hydro¬ 
chloride  solution  and  1  ml.  of  potassium  cyanide  solution.  [It  is 
possible  to  hold  calcium  in  solution,  at  least  temporarily,  at  this 
pH  in  the  presence  of  ammonium  citrate.  However,  in  the  case 
of  calcium  carbonate,  where  a  rather  large  (5.0-gram)  sample  is 
advisable  because  of  low  lead  content,  a  sulfide  separation  is 
preferable  to  the  use  of  the  very  large  amounts  of  ammonium 
citrate  and  large  volumes  of  solution  which  otherwise  become 
necessary.] 


Table  IV.  Recovery  of  Added  Lead,  Total  Lead 


Lead  Av., 

Lead 

Lead 

Substance 

Sample 

Table  III 

Added 

Found 

Av. 

Grams 

i  r  *  - 

MgCO. 

2.0 

5 . 6 

5 

10.9, 

9.1 

10.0 

ZnO 

0.1 

1.6 

2 

3.5, 

3.9 

3.7 

Zinc 

stearate 

0.5 

6.6 

5 

11.4, 

10.5 

11.0 

Ocher 

0.1 

3.7 

5 

8.8, 

8.8 

8.8 

CaC03 

5.0 

0.4 

5 

5.7, 

5.3 

5 . 5 

Ti02 

0.2 

10.8 

4 

13.9, 

13.3 

13.6 

Talc 

1.0 

1.4° 

5 

6.6, 

6.2 

6.4 

Kaolin 

0.5 

8.9 

4 

14.1, 

11.9 

13.0 

BaSO, 

0.5 

12.2“ 

5 

16.0, 

17.1 

16.6 

°  Calculated. 


Titanium  Dioxide.  Acid-Extractable  Lead.  Add  0.500  gram 
to  10  ml.  of  1  to  1  nitric  acid  in  a  15-ml.  graduated  centrifuge 
tube,  digest  1  hour  in  boiling  water  bath  with  frequent  agitation, 
centrifuge,  and  pour  off  the  liquid  into  a  small  separatory  funnel. 
Add  5  ml.  of  1  to  1  nitric  acid  and  5  ml.  of  water  to  the  centrifuge 
tube,  break  up  the  packed  mass  with  a  glass  rod,  and  digest  for 
15  minutes  on  the  water  bath.  Centrifuge  and  add  the  liquid  to 
the  original  extract.  Add  3  ml.  of  ammonium  citrate  solution  and 
make  alkaline  to  phenol  red  with  ammonium  hydroxide,  adding 
a  0.5-ml.  excess.  Add  0.5  ml.  of  hydroxylamine  hydrochloride 
solution  and  1  ml.  of  potassium  cyanide  solution. 

Total  Lead.  Fuse  0.200  gram  of  the  titanium  dioxide  with  2.00 
grams  of  potassium  bisulfate  in  a  covered  Vycor  crucible.  Use 
only  a  Bunsen  flame  and  heat  only  until  a  clear  melt  is  obtained. 
Rotate  the  crucible  as  the  melt  solidifies,  so  as  to  spread  it  in  a 
thin  layer  over  the  sides.  After  the  melt  has  cooled,  add  4  ml. 
of  ammonium  citrate  solution  and  5  to  6  ml.  of  water.  Heat 
carefully  until  a  clear  solution  is  obtained.  Transfer  to  an 
Erlenmeyer  flask,  washing  well  with  a  few  portions  of  water,  cool, 
and  adjust  the  pH  to  3.0  to  3.4  (bromophenol  blue)  using  dilute 
sulfuric  acid.  Add  5  ml.  of  copper  sulfate  solution. 

Saturate  with  hydrogen  sulfide,  filter,  and  wash  thoroughly  (ten 
times)  with  3  per  cent  sodium  sulfate  solution.  (The  pH  of  a 
3  per  cent  solution  of  sodium  sulfate  solution  is  adjusted  to  3.0  to 
3.4  and  the  resulting  liquid  saturated  with  hydrogen  sulfide  be¬ 
fore  using  it  as  a  wash.)  Dissolve  the  precipitate  with  4  ml.  of 
hot  1  to  1  nitric  acid,  catching  the  filtrate  in  the  flask  in  which 
the  precipitation  was  effected.  Wash  the  paper  with  six  small 


portions  of  hot  water,  adding  the  washings  to  the  filtrate.  Boil  to 
eliminate  sulfide  and  transfer  to  a  small  separatory  funnel.  Add 
3  ml.  of  ammonium  citrate  solution,  and  make  alkaline  to  phenol 
red  with  ammonium  hydroxide,  adding  a  0.5-ml.  excess.  Add 
0.5  ml.  of  hydroxylamine  hydrochloride  solution  and  1  ml.  of  po¬ 
tassium  cyanide  solution.  [Titanium  is  not  precipitated  at  the 
pH  of  extraction  in  the  presence  of  citrate,  but  even  small 
amounts  completely  prevent  the  extraction  of  lead  by  dithizone 
(see  Table  V1).  Hence  a  preliminary  isolation  of  the  lead  as  sul- 
flde  was  resorted  to.  The  precipitate  of  lead  sulfide  and  copper 
sulfide  must  be  washed  very  thoroughly  to  remove  all  trace  of 
Ti+  +++.  Since  the  amount  of  Ti+  +  +  Jil  necessary  to  interfere 
with  the  lead  extraction  is  small,  it  was  thought  that  double  pre¬ 
cipitation  of  the  sulfides  would  be  advisable.  However,  ex¬ 
periments  showed  this  to  be  unnecessary,  providing  the  sulfides 
are  well  washed.] 

Talc.  Acid-Extractable  Lead.  Follow  the  procedure  for 
titanium  dioxide  exactly,  using  a  1.00-gram  sample. 

Total  Lead.  To  a  platinum  crucible  containing  3  grams  of  hy¬ 
drofluoric  acid  and  6  ml.  of  1  to  1  sulfuric  acid,  add  1.00  gram  of 
the  talc.  Place  in  a  sand  bath  heated  to  200°  to  250°  C.  and  take 
to  fumes  of  sulfur  trioxide.  Cool,  add  1  gram  of  hydrofluoric 
acid,  and  again  heat  to  sulfur  trioxide  fumes.  Repeat  once 
more  with  0.5  gram  of  hydrofluoric  acid.  [The  sample  of  talc  must 
be  fumed  strongly  for  some  minutes  to  drive  off  excess  fluoride. 
If  much  fluoride  ion  remains  it  is  difficult  to  obtain  a  clear 
solution.]  Cool,  dilute  with  a  little  water,  wash  into  a  separatory 
funnel,  add  3  ml.  of  ammonium  citrate  solution,  and  make  alkaline 
to  phenol  red  with  ammonium  hydroxide,  adding  0.5-ml.  excess. 
Add  0.5  ml.  of  hydroxylamine  hydrochloride  solution  and  1  ml. 
of  potassium  cyanide  solution. 

Kaolin.  Acid-Extractable  Lead.  Follow  the  procedure  for 
titanium  dioxide  but  use  5  per  cent  nitric  acid  for  both  extractions 
in  place  of  the  more  concentrated  acid  and  use  a  1.00-gram 
sample.  [When  the  acid  concentration  is  too  high  (1  to  1),  con¬ 
siderable  aluminum  is  extracted.  This  leads  to  poor  results.] 

Total  Lead.  To  a  platinum  crucible  containing  1.5  grams  of 
hydrofluoric  acid  and  5  ml.  of  1  to  1  sulfuric  acid,  add  0.500 
gram  of  the  kaolin.  Place  in  a  sand  bath  at  200  °  to  250  °  C.  and  heat 
to  fumes  of  sulfur  trioxide.  Cool,  add  5  drops  of  nitric  acid  to  de¬ 
stroy  organic  matter,  and  again  heat  to  sulfur  trioxide  fumes. 
Transfer  to  an  Erlenmeyer  flask  with  about  25  ml.  of  water,  add 
5  ml.  of  ammonium  citrate  solution,  and  boil  for  a  few  minutes 
until  a  clear  solution  is  obtained.  Cool  and  adjust  the  pH  to  3.0 
to  3.4  (bromophenol  blue).  Add  5  ml.  of  copper  sulfate  solution. 

Saturate  with  hydrogen  sulfide,  filter,  and  wash  5  or  6  times 
with  3  per  cent  sodium  sulfate  solution.  (The  pH  of  a  3  per  cent 
sodium  sulfate  solution  is  adjusted  to  3.0  to  3.4  and  the  resulting 
liquid  saturated  with  hydrogen  sulfide  before  using  it  as  a  wash.) 
Dissolve  with  5  ml.  of  boiling  1  to  1  nitric  acid,  catching  the  fil¬ 
trate  in  the  flask  in  which  the  precipitation  was  effected.  Wash 
with  six  portions  of  hot  water,  adding  the  wash  to  the  filtrate. 
Boil  to  eliminate  hydrogen  sulfide,  cool,  and  transfer  to  a  small 
separatory  funnel.  Add  3  ml.  of  ammonium  citrate  solution  and 
make  alkaline  to  phenol  red  with  ammonium  hydroxide,  adding 
a  0.5-ml.  excess.  Add  0.5  ml.  of  hydroxylamine  hydrochloride 
solution  and  1  ml.  of  potassium  cyanide  solution.  [The  extraction 
of  lead  in  the  presence  of  much  aluminum  is  very  unsatisfactory 
(see  Table  VI).  A  preliminary  isolation  of  the  lead  as  sulfide 
eliminates  this  difficulty  completely.] 

Barium  Sulfate.  Acid-Extractable  Lead.  Follow  the  proce¬ 
dure  for  titanium  dioxide  exactly.  Use  a  1.00-gram  sample. 

Total  Lead.  Mix  1.00  gram  in  a  platinum  crucible  with  2 
grams  of  sodium  carbonate  and  3  grams  of  potassium  carbonate. 
Fuse  over  a  Bunsen  burner  to  a  clear,  mobile  liquid.  Cool,  add 
a  small  amount  of  water,  and  heat  cautiously  over  a  flame.  This 
will  loosen  the  melt  and  enable  its  transfer  to  a  beaker.  Boil 
with  20  to  25  ml.  of  water  until  the  mass  is  thoroughly  disinte¬ 
grated,  filter  the  hot  solution,  and  wash  6  to  8  times  with  4-ml. 


1  The  results  shown  in  Tables  I  to  V  include  a  reagent  blank  of  approxi¬ 
mately  1.4  micrograms. 


Table  V.  Effect 

of  Titanium  on 
Dithizone 

Extraction  of  Lead 

Lead  Added 

Titanium 

Lead  Found 

Micrograms 

Micrograms 

Micrograms 

10 

0 

11.4 

10 

10 

11.4 

10 

500 

11.4 

10 

5,000 

11.1 

10 

50,000 

3.4 

10 

100,000 

0.2 

158 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  2 


portions  of  hot  5  per  cent  sodium  carbonate  solution  until  the 
wash  liquid  is  free  of  sulfate.  Finally- wash  twice  with  small 
portions  of  water,  discarding  this  wash.  To  the  combined  fil¬ 
trate  and  washings  add  5  ml.  of  ammonium  citrate  solution, 
0.5  ml.  of  hydroxylamine  hydrochloride  solution,  and  1.0  ml.  of 
potassium  cyanide  solution  (Solution  1). 

Dissolve  the  residue  on  the  filter  in  2  ml.  of  hydrochloric  acid 
diluted  with  about  5  ml.  of  water.  Wash  with  several  small  por¬ 
tions  of  water,  adding  the  washings  to  the  acid  solution.  Boil 
for  a  few  minutes  to  eliminate  carbon  dioxide  and  transfer  to  a 
separatory  funnel.  Add  3  ml.  of  ammonium  citrate  solution  and 
make  alkaline  to  phenol  red  with  ammonium  hydroxide,  adding 
0.5-ml.  excess.  Add  0.5  ml.  of  hydroxylamine  hydrochloride  solu¬ 
tion  and  1  ml.  of  potassium  cyanide  solution.  The  solution  at 
this  point  should  have  a  volume  of  about  75  ml.  and  be  perfectly 
clear  (Solution  2). 


Table  VI.  Effect  of  Aluminum  on  Extraction  of  Lead  by 

Dithizone 


In  Presence  of  1.5  Grams 

Lead  Alone 

of  A12(S04)3.18H20 

Extract  No.“  Lead 

Extract  No.“ 

Lead 

Micrograms 

Micrograms 

1  10.6 

1 

5.3 

2  1.0 

2 

3.8 

3  0.5 

3 

2.0 

4  0.0 

4 

0.7 

5 

1 . 1 

6 

0.6 

a  Successive  5-ml.  portions  of  dithizone. 

Extraction  of  Lead 

The  prepared  sample  is  extracted  with  three  successive  5-ml. 
portions  of  dithizone  which  are  combined  in  a  small  (60-ml.) 
separatory  funnel.  In  the  case  of  barium  sulfate  (total  lead), 
Solutions  1  and  2  are  extracted  separately  and  all  extracts  are 
combined  in  a  single  separatory  funnel. 

The  combined  extracts  are  then  shaken  with  20  ml.  of  1  per 
cent  nitric  acid  and  the  dithizone  solution  is  discarded. 

Determination  of  Lead 

Four  milliliters  of  the  ammonia-cyanide  solution  and  2  drops 
of  the  hydroxylamine  hydrochloride  solution  are  added  to  the  20 
ml.  of  acid  containing  the  lead,  10.0  ml.  of  the  dithizone  are  added 
from  a  buret,  and  the  mixture  is  shaken  for  30  seconds.  The 
chloroform  layer  is  then  filtered  through  a  7-cm.  acid-washed 
filter  paper  folded  in  eights  and  fitted  directly  into  the  mouth 
of  one  of  a  series  of  matched  18  X  150  mm.  test  tubes. 

A  “zero”  standard  is  prepared  by  treating  10.0  ml.  of  the  di¬ 
thizone  with  20  ml.  of  1  per  cent  nitric  acid  containing  4  ml.  of 
the  ammonia-cyanide  solution  and  2  drops  of  hydroxylamine  hy¬ 
drochloride  solution.  This  is  used  to  set  the  photometer  to  100 
per  cent  transmission. 

A  reading  is  then  taken  on  the  prepared  sample  and  on  a  blank 
which  is  prepared  in  exactly  the  same  way  as  the  sample,  omit¬ 
ting  only  the  material  undergoing  analysis,  using  the  yellow- 
green  filter  (transmission  maximum  5300  A.).  From  these 
readings,  the  amount  of  lead  is  read  from  a  calibration  curve  con¬ 
structed  by  analysis  of  varying  amounts  of  the  standard  lead 
solution. 

Discussion 

This  procedure  is  not  intended  to  replace  the  more  accurate 
techniques  employing  dithizone  (S,  7,  8,  11),  but  rather  to 
provide  a  comparatively  simple  method  for  use  by  the  aver¬ 
age  control  laboratory  where  a  precision  of  1  or  2  micrograms 
is  adequate.  In  such  a  laboratory,  speed  and  simplicity  are 
important  factors  and  the  use  of  only  simple,  rugged  instru¬ 
ments  is  desirable. 

It  is  felt  that  too  little  consideration  is  given  to  the 
possible  interference  of  various  cations  in  the  extraction 
of  lead  by  dithizone,  although  at  least  one  article  in  the  litera¬ 
ture  ( 9 )  deals  with  this  question.  The  authors  have  found 
(see  Table  V  and  VI)  that  the  presence  of  aluminum  definitely 
interferes  with  the  extraction  of  lead  and  the  presence  of 
titanium  prevents  it  completely. 


It  has  been  observed  in  this  laboratory  that  the  presence 
of  only  5  to  10  mg.  of  titanium  seriously  interferes  with  the 
extraction  of  lead  by  dithizone  and  that  0.1  to  0.2  gram  pre¬ 
vents  it  completely.  Thus,  in  analyzing  a  sample  containing 
0.2  gram  of  titanium  dioxide,  if  it  is  attempted  to  extract  the 
lead  directly  (without  recourse  to  preliminary  separation  by 
hydrogen  sulfide),  the  blank  will  show  more  lead  than  the 
sample.  This  effect  is  not  due  to  a  simple  shift  in  the  pH  of 
optimum  extraction,  since  experiments  have  shown  the  same 
results  at  various  pH  from  7.0  to  11.0. 

The  procedure  of  adding  known  amounts  of  lead  to  samples 
for  analysis  was  preferred  to  spectrographic  analysis  as  a 
means  of  checking  results.  Three  well-known  spectrographic 
laboratories,  working  with  a  master  sample  of  titanium  di¬ 
oxide,  obtained  values  of  24,  45,  and  66  p.  p.  m.,  respectively. 
The  authors  obtained  54  p.  p.  m.  (see  Table  III),  using  the 
above  dithizone  procedure. 

As  an  additional  check,  samples  of  zinc  oxide,  talc,  and  ti¬ 
tanium  dioxide  were  analyzed  by  the  A.  O.  A.  C.  electrolytic 
method  ( 2 ).  Good  agreement  with  the  authors’  dithizone 
procedure  was  obtained  in  each  case. 

Summary 

A  simple  photometric  procedure  for  the  routine  determina¬ 
tion  of  lead  by  dithizone  is  described.  The  procedure  is  fairly 
rapid,  requires  very  little  special  equipment,  and  is  suffi¬ 
ciently  accurate  for  most  control  work  (within  1  or  2  micro¬ 
grams). 

The  method  has  been  in  use  for  some  time  on  a  number  of 
common  materials  used  in  the  cosmetic  industry.  The  re¬ 
sults  have  been  very  satisfactory  and  the  procedure  could  be 
readily  adapted  to  virtually  any  material.  Detailed  methods 
for  the  preparation  of  samples  of  such  materials  as  are  com¬ 
monly  used  in  the  manufacture  of  cosmetics  have  been  worked 
out.  These  methods  of  preparation  could  be  followed  by 
analysis  according  to  any  of  the  known  dithizone  procedures. 

Aluminum  and  titanium  have  been  found  to  interfere  with 
the  extraction  of  lead  by  dithizone. 
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IN  THE  process  of  freeing  phenol  from  o-cresol  by  distilla¬ 
tion  it  is  important  to  have  an  accurate  method  for  deter¬ 
mining  low  concentrations  of  the  latter  in  the  presence  of  the 
former,  in  order  to  evaluate  the  plate  efficiency  of  the  column. 
It  is  assumed  from  a  knowledge  of  the  compounds  involved 
that  only  o-cresol  is  present  with  the  phenol. 


from  3  to  5.6  per  cent.  The  method  has  an  accuracy  for  the 
lower  concentration  range  which  is  expressed  by  a  standard 
deviation  of  a  single  value  from  the  true  o-cresol  content  of 
=<=0.07  per  cent  o-cresol  and  for  the  higher  concentrations  of 
±0.09  per  cent.  The  accuracy  can  obviously  be  increased 
by  taking  the  average  of  more  than  one  determination. 


One  method  for  o-cresol  in  phenol  (6,  10)  is  based  upon  the 
formation  of  a  complex  between  o-cresol  and  cineole,  followed  by 
the  determination  of  the  freezing  point  of  this  complex.  This 
seems  to  be  more  suitable  for  high  concentrations  of  cresol.  An¬ 
other  method  which  has  been  recommended  by  a  number  of 
authors  (S,  7,  8,  11)  is  based  upon  the  lowering  of  the  freezing 
point  of  phenol.  Unfortunately,  o-cresol  freezes  out  with  the 
phenol  in  a  continuous  series  of  mixed  crystals  (8).  This  would 
make  it  impossible  to  get  very  accurate  values  of  o-cresol  unless 
the  degree  of  supercooling  were  rigidly  controlled  in  relation  to 
the  concentration  of  o-cresol.  The  extent  of  this  difficulty  is 
obvious  from  an  inspection  of  the  divergent  values  reported  for 
the  lowering  of  the  freezing  point  of  phenol  by  o-cresol  (3,  7,8,11). 
At  least  one  of  these  authors  ( 3 )  recognized  this  difficulty,  and  so 
determined  the  temperature  at  which  the  last  crystals  melted, 
instead  of  the  usual  freezing  point,  in  order  to  avoid  the  effects 
of  supercooling.  This  would,  however,  make  the  procedure  less 
adapted  to  routine  use.  Besides,  the  lowering  of  the  freezing 
point  for  a  given  o-cresol  content  is  considerably  less  than  the 
corresponding  lowering  of  the  cloud  point  in  the  method  reported 
below. 

The  statement  (1)  that  1  volume  of  cold  liquefied  phenol  (ren¬ 
dered  liquid  by  the  addition  of  8  per  cent  of  water)  forms,  with  1 
volume  of  glycerol,  a  clear  liquid  which  is  not  rendered  turbid 
by  the  addition  of  3  volumes  of  water  (absence  of  creosote  and 
of  cresol)  suggested  the  possibility  that  a  cloud  point  method 
could  be  developed  for  o-cresol  in  phenol.  Dolique  (4)  has  pub¬ 
lished  a  study  of  the  systems  phenol-water  and  phenol-glycerol- 
water,  including  the  effects  of  a  number  of  impurities.  Other 
papers  have  also  been  published  on  the  influence  of  impurities 
on  the  critical  solution  temperature  of  phenol-water  {2,  5,  9), 
but  in  none  did  the  authors  find  that  o-cresol  had  been  included. 

The  authors’  first  work  was  done  with  the  system  phenol- 
water-glycerol  writh  additions  of  Orcresol,  but  this  was  aban¬ 
doned  in  favor  of  the  phenol-water  system  because  the  former 
involved  some  difficulties  in  the  precise  observation  of  the 
cloud  point,  and  had  no  advantage  over  the  simpler  system. 
Working  with  mixtures  of  phenol  and  o-cresol  containing 
up  to  5.6  per  cent  cresol,  and  also  containing  water  added  in 
the  ratio  of  65  parts  by  weight  to  35  parts  by  weight  of  the 
mixed  phenol-cresol,  the  authors  found  that  each  addition  of 
cresol  increases  the  cloud  point  to  an  extent  that  can  be 
expressed  by  two  linear  equations,  one  for  concentrations 
from  0  to  3  per  cent  o-cresol  and  the  other  for  concentrations 


Method  of  Analysis 

About  7  to  8  grams  of  the  phenol  sample  are  placed  in  a  dry, 
fared  test  tube  (2.5  X  15  cm.)  and  weighed  to  the  nearest  milli¬ 
gram.  A  number  of  milliliters  of  distilled  water  equal  to  1.857 
times  the  weight  of  the  phenol  sample  (this  makes  a  mixture  of 
35  per  cent  phenol  sample  and  65  per  cent  water)  are  added  from  a 
buret.  The  tube  is  placed  in  a  water  bath  at  75°  to  80°  C.  and 
its  contents  are  mixed  with  a  glass  stirrer  (looped  to  fit  around 
the  thermometer  to  be  used  later)  until  the  mixture  is  clear. 
The  tube  is  then  centered  by  means  of  a  cork  in  a  larger  test 
tube  (3.25  X  17.5  cm.,  1.5  X  7  inches)  which  serves  as  an'air 
jacket  and  is  kept  in  a  water  bath  maintained  at  about  65°  C. 
A  thermometer  with  0.1  °  divisions,  calibrated  for  7.5-cm.  (3-inch) 
immersion,  is  placed  in  the  solution,  which  is  then  stirred  vigor¬ 
ously  (about  80  to  100  strokes  per  minute). 

As  the  solution  cools,  a  turbidity  sets  in  which  serves  as  a 
warning  of  the  approach  of  the  cloud  point.  This  turbidity 
starts  at  about  1°  to  2°  before  the  cloud  point,  starting  sooner 
the  greater  the  concentration  of  cresol,  but  its  onset  and  the  in¬ 
crease  in  its  opacity  are  not  sharp.  Finally  there  is  an  abrupt 
increase  in  the  opacity  of  the  mixture.  This  is  taken  as  the  cloud 
point  and  the  thermometer  is  read  to  the  nearest  0.05  °  C.  The 
tube  may  be  reheated  and  the  determination  repeated  at  wall  if 
it  is  desired  to  increase  the  accuracy  by  taking  a  mean  of  several 
values. 

For  cloud  points  up  to  70.25°  C.,  the  percentage  of  o-cresol  is 
calculated  by  the  equation 


%  o-cresol  = 


cloud  point  (°  C.)  —  66.40 
L326 


(1) 


and  for  cloud  points  from  70.25  °  to  73.5  °  C.  by  the  equation 


%  o-cresol  = 


cloud  point  (°  C.)  —  66.81 
1.167 


(2) 


Development  of  the  Method 

Phenol  was  purified  by  distilling  c.  p.  phenol  through  a  packed 
column,  redistilling  the  middle  cut,  redistilling  the  middle  cut 
from  this,  and  collecting  three  successive  cuts  which  had  freezing 
points  of  40.94°,  40.93°,  and  40.93°  C.,  respectively.  The 
freezing  points  were  run  in  a  magnetically  stirred  enclosed  appa¬ 
ratus  to  protect  the  phenol  from  absorption  of  moisture  from  the 
air.  There  was  no  significant  change  in  the  freezing  point  when 
the  phenol  was  boiled  in  the  freezing  point  tube  in  order  to 
remove  possible  traces  of  moisture. 
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Table  I.  Deviation  of  Calculated  Ceesol  Values  from 
True  Vadxes 


Cloud  Point 

. - Cresol- 

(Mean  of  10  Values) 

Calculated 

Actual 

Deviation 

°  C. 

% 

% 

%  cresol 

By  Equation  1 

.39 

-0.01 

0.00 

-0.01 

.41  (mean  of  5  values) 

0.01 

0.00 

+  0.01 

.00 

0.45 

0.45 

0.00 

.  36  (mean  of  5  values) 

0.72 

0.67 

+0.05 

.70 

0.98 

1.03 

-0.05 

.19 

1.35 

1.37 

-0.02 

.33 

1.46 

1.46 

0.00 

.18 

2.10 

2.08 

+  0.02 

.40 

2.26 

2.33 

-0.07 

.23 

2.89 

2.83 

+  0.06 

By  Equation  2 

.77 

3.39 

3.43 

-0.04 

.59 

4.10 

4.17 

-0.07 

.34 

4.74 

4.71 

+  0.03 

.42 

5.66 

5.59 

+  0.07 

o-Cresol  was  prepared  by  diazotizing  anfNtleeomposing  with 
water  o-toluidine  which  had  in  turn  been  prepared  from  o-aceto- 
toluide  that  had  been  recrystallized  to  a  eonstar  melting  point 
of  110.9-111.6°  C.  (corrected).  The  o-cresol  w  distilled  under 
reduced  pressure.  The  middle  cut  had  a  freeze g  point  (run  in 
the  aforementioned  closed  apparatus)  of  30.99  C.  (corrected). 
The  same  freezing  point  was  obtained  upon  red '"stilling  this 
material  under  reduced  pressure  and  taking  a  midd’  :ut. 

Thermometers.  The  thermometers  were  ca.  .ted  at  an 
immersion  depth  of  7.5  cm.  (3  inches)  by  comparin  th  another 
thermometer  certified  by  the  National  Bureau  of  S;  lards. 

Glycerol-Water-Phenol-Cresol  Mixtures.  *  L  osing  pro¬ 
portions  of  phenol,  glycerol,  and  water  on  thd  asis  of  data 
reported  by  Dolique  (4),  a  number  of  cloud  points  were  deter¬ 
mined  for  phenol-cresol  mixtures  containing  up  to  ~\Pr  >er  cent 
o-cresol.  The  phenol-cresol  samples  were  mixed  with  iueous 


glycerol  solution  having  a  specific  gravity  at 


30°  C. 
30°  C. 


of  1.0218,  in 


the  ratio  of  87.80  ml.  of  the  glycerol  solution  to  13  grams  of  the 
phenol-cresol  mixture.  It  was  possible  to  get  cloud  point  values 
for  the  individual  mixtures  which  agreed  within  0.05°  C.,  but 
when  the  cloud  points  were  plotted  against  the  cresol  content, 
some  of  the  points  fell  away  from  a  straight  line  by  as  much  as 
0.2  per  cent  cresol.  The  difficulty  was  with  the  determination 
of  the  cloud  point.  This  did  not  appear  sharply  enough,  so  that 
there  was  a  lack  of  concordance  between  the  point  taken  as  the 
cloud  point  for  one  sample  and  that  for  another,  although  two 
successive  readings  on  the  same  sample  were  concordant. 

Phenol-Water-Cresol  Mixtures.  The  first  mixture  which 
was  tried  consisted  of  32.15  per  cent  water  and  67.85  per  cent 
phenol  by  weight.  Repeated  determinations  of  the  cloud  point 
on  the  same  mixture  resulted  in  successive  values,  each  of  which 
was  lower  than  the  previous  value  by  about  0.2°  C.,  the  initial 
value  being  33.75 0  C.  According  to  Dolique’s  data  (4)  a  change 
in  the  water  content  of  the  mixture  of  about  0.07  per  cent  (or  for 
the  size  of  sample  used,  about  0.004  ml.  of  water)  would  suffice 
to  lower  the  cloud  point  by  0.2°  C.  It  would  seem  most  likely 
that  such  losses  explained  the  difficulty  with  this  mixture. 

It  was  next  decided  to  use  a  mixture  of  35  per  cent  phenol  and 
65  per  cent  water  which  would  be  closer  to  the  critical  solution 
temperature  of  the  system,  because  the  system  is  much  less 
sensitive  to  small  changes  in  composition  in  that  region. 


The  method  proposed  does  not  pretend  to  determine  the 
critical  solution  temperature,  which  is  the  temperature  at 
which  the  two  liquid  phases  become  equal  in  composition. 
What  is  determined  is  merely  the  temperature  at  which  a 
definite  clouding  phenomenon  appears.  Because  of  this  fact 
it  is  unnecessary  for  the  use  of  the  method  to  resolve  the 
divergencies  in  the  critical  solution  temperatures  which  have 
been  reported  in  the  literature. 

A  number  of  mixtures  were  made  up  of  phenol  and  o-cresol, 
ranging  from  0  to  5.6  per  cent  o-cresol,  and  the  cloud  points  were 
determined.  With  each  mixture  ten  separate  determinations 
of  the  cloud  point  were  made  (five  in  two  cases).  When  the 
average  cloud  points  were  plotted  against  the  known  cresol  con¬ 
tent,  it  was  found  that  the  relationships  could  be  expressed  most 


conveniently  by  two  straight  lines  (Equations  1  and  2).  Possi¬ 
bly  the  fundamental  relationship  could  be  expressed  by  a  hyper¬ 
bolic  equation,  but  the  use  of  two  straight-line  equations  seems 
more  practical.  The  equations  were  chosen  in  such  a  way  that 
the  percentages  of  o-cresol,  calculated  for  each  of  the  average 
cloud  points  from  the  equations,  would,  when  compared  with  the 
actual  percentages  of  o-cresol,  give  deviations  such  that  the 
difference  between  the  sum  of  the  squares  of  the  positive  devi¬ 
ations  and  the  sum  of  the  squares  of  the  negative  deviations 
would  be  at  a  minimum.  The  data  are  given  in  Table  I. 


Precision  and  Accuracy 

The  precision  of  the  method  will  be  determined  by  the 
degree  of  agreement  between  individual  cloud  point  values  on 
a  single  mixture  and  the  mean.  This  has  been  determined 
for  each  of  the  14  mixtures  by  calculating  for  each  mixture 
the  average  deviation  of  each  value  from  its  respective  mean 
and  then  multiplying  by  a  factor  (1.49  for  5  values  and 
1.36  for  10  values)  to  convert  to  the  standard  deviation. 
(The  calculation  of  the  standard  deviation  by  means  of  a 
factor  is  not  so  accurate  as  by  means  of  the  usual  root  mean 
square  average  of  the  deviations  from  the  arithmetic  mean, 
but  it  is  felt  that  the  difference  in  the  two  methods  of  cal¬ 
culation  is  not  sufficient  to  affect  the  reported  standard  de¬ 
viations  in  the  one  significant  figure  to  which  they  have  been 
calculated.)  The  latter  is  then  calculated  to  per  cent  o- 
cresol,  using  Equation  1  or  2.  The  data  are  given  in  Table  II. 

The  accuracy  of  a  single  value  as  determined  by  calculat¬ 
ing  by  means  of  Equations  1  ci  2  the  cloud  point  value  cor¬ 
responding  to  each  actual  percentage  of  o-cresol,  getting  the 
average  deviations  of  the  individual  determined  cloud  point 


Table  II. 

Precision  of  Cloud  Point  Determination 

Composition  of 

Cloud  Point 

Average 

Deviation 

Standard  Deviation 

Sample 

(Mean  of  10  Valuas' 

from  Mean 

from  Mean 

%  o-cresol 

°  C. 

±°  C. 

O 

O 

=t%  o-cresol 

0.00 

66.39 

0.050 

0.07 

0.05 

0.00 

66.41  (mean  of  5 

0.068 

0.10 

0.08 

values) 

0.45 

67.00 

0.045 

0.06 

0.05 

0.67 

67.36  (mean  of  5 

0.040 

0.06 

0.05 

values) 

1.03 

67.70 

0.045 

0.06 

0.05 

1.37 

68.19 

0.040 

0.05 

0.04 

1.46 

68.33 

0.045 

0.06 

0.05 

2.08 

69.18 

0.067 

0.09 

0.07 

2.33 

69.40 

0.061 

0.08 

0.06 

2.83 

70.23 

0.067 

0.09 

0.07 

Av. 

0.07 

0.05 

3.43 

70.77 

0.052 

0.07 

0.06 

4.17 

71.59 

0.050 

0.07 

0.06 

4.71 

72.34 

0.046 

0.06 

0.05 

5.59 

73.42 

0.065 

0.09 

0.08 

Av. 

0.07 

0.06 

Table  III. 

Accuracy  of  Method 

:  alculated 

Composition  of  '‘loud 

Deviation  from  Calculated  Cloud  Point 

Sample 

Point 

Average 

Average 

Standard 

%  o-cresol 

°  C. 

±°  c. 

±%  o-cresol  ± 

%  o-cresol 

0.00 

66.40 

0.070 

0.053 

0.07 

0.00 

66.40 

0.055 

0.041 

0.06 

0.45 

67.00 

0.045 

0.034 

0.05 

0.67 

67.29 

0.066 

0.050 

0.07 

1.03 

67.77 

0.065 

0.049 

0.07 

1.37 

58.22 

0.046 

0.035 

0.05 

1.46 

68.34 

0.045 

0.034 

0.05 

2.08 

69.16 

0.068 

0.051 

0.07 

2.33 

69.49 

0.107 

0.081 

0.11 

2.83 

70.15 

0.080 

0.060 

0.08 

Av. 

0.07 

3.43 

70.81 

0.062 

0.053 

0.07 

4.17 

71.68 

0.090 

0.077 

0.10 

4.71 

72.31 

0.056 

0.048 

0.07 

5.59 

73.33 

0.091 

0.078 

0.11 

Av. 

0.09 
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values  from  their  respective  calculated  values,  recalculating 
the  average  deviation  to  per  cent  cresol,  and  converting  to 
the  standard  deviation  as  per  cent  cresol.  These  data  are 
given  in  Table  III. 

The  values  indicate  that  the  precision  is  a  little  better  than 
the  accuracy.  By  taking  the  mean  of  a  number  of  cloud 
point  determinations  the  standard  deviation  may  be  im¬ 
proved  by  a  factor  equal  to  the  reciprocal  of  the  square  root 
of  the  number  of  determinations. 

Effect  of  Variations  in  Water  Content 

Since  the  sample  must  be  made  up  by  adding  water,  it  is 
important  to  know  how  changes  in  the  water  content  of  the 
prepared  sample  will  affect  the  cloud  points.  This  is  particu¬ 
larly  necessary  because  of  the  hygroscopic  nature  of  phenol. 
If  the  accuracy  of  the  method  were  affected  by  small  changes 
in  water  content,  it  would  be  difficult  to  use. 

Dolique  (4)  published  data  on  the  change  of  the  critical 
solution  temperature  of  phenol-water  with  changes  in  com¬ 
position: 


Water 

Phenol 

Critical  Solution 
Temperature 

% 

% 

°  C. 

61.16 

38.84 

66.4 

64.13 

35.87 

66.5 

65.00 

35.00 

66.5 

65.69 

34.31 

66.5 

68.46 

'1„54 

66.4 

It  is  seen  that  near  the  region  of  concentrations  with  which 
this  method  is  concerned,  the  cloud  point  of  pure  phenol  is 
insensitive  to  small  changes  in  water  concentration. 

To  two  mixtures  of  cresol  in  phenol,  1  per  cent  less  and  1 
per  cent  more,  respectively,  than  the  usual  65  per  cent  of 
water  were  added,  with  results  as  follows: 


o-Cresol  Content 

Water  Content 

CRud  Point 

o-Cresol 

Found 

Error 

% 

% 

0  C. 

% 

%  o-cresol 

1.14 

64 

67.78 

1.05 

-0.09 

65 

67.91  (calcd.) 

66 

67.88 

l.’is 

— 6!oi 

2.63 

64 

69.61 

2.46 

—  0.17 

65 

66 

69.88  (ealcd.) 
69.84 

2^62 

— 6!oi 

It  can  be  seen  that  1  per  cent  additional  water  causes  a 
negligible  error.  If  about  15  ml.  of  water  are  measured  from 
a  buret  for  a  single  mixture,  an  excess  of  even  0.2  ml.  will 
cause  an  error  of  no  more  than  0.01  per  cent  o-cresol.  A 
deficiency  of  water  may  be  more  serious,  but  that  can  be 
avoided  with  considerable  certainty. 

Summary 

A  method  has  been  devised  for  the  determination  of  o- 
-resol  in  phenol  in  concentrations  up  to  5  «  per  cent,  by 
measuring  the  cloud  point  of  a  mixture  o"  -sample  with 
water.  The  relationship  between  the  clouu  >int  and  the 
o-cresol  content  is  expressed  by  one  straig1  ne  equation 
up  to  3  per  cent  and  another  from  3  to  5.fi  cent.  The 
accuracy  of  the  method  is  indicated  by  J  standard  de¬ 
viation  of  a  single  value  from  the  true  o-crf  content;  this 
equals  ±0.07  per  cent  o-cresol  up  to  3  per  cent  and  ±0.09 
per  cent  from  3  to  5.6  per  cent. 
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A  NcrV  Gas  Generator 

SIDNEY  KATZ 

Goldsmith  rotliers  Smelting  &  Refining  Company, 
Chicago,  Ill. 


THE  v  r  has  frequently  required  a  compact,  portable 
form  ■  gas  generator.  The  instrument  described  here 
was  finally  ;  ’opted  as  being  satisfactory  from  the  stand¬ 
points  o*  simplicity  of  manufacture  and  operation  and  ease 
of  clean 


For  ordinary  operations,  a  300-ml.  Erlenmeyer  flask  was  em¬ 
ployed,  to  the  base  of  which  were  sealed  three  5-cm.  lengths  of 
8-  to  9-mm.  tubing,  as  illustrated.  These  legs  were  sealed  off  and 
a  small  hole  was  blown  into  each  of  them  near  the  base.  A 
stopcock  side  arm  was  sealed  to  the  neck  of  the  flask,  as  shown, 
though  in  a  simpler  modification  the  stopcock  was  simply 
inserted  in  the  stopper.  The  instrument  fits  nicely  into  a 
1-liter  beaker. 

In  operation,  the  solid  reagent  is  placed  in  the  flask,  while  the 
acid  is  poured  into  the  beaker,  to  within  an  inch  of  the  brim. 
Opening  the  stopcock  admits  acid  through  the  legs  of  the  flask, 
generating  the  gas.  When  the  stopcock  is  closed,  the  gas  pres¬ 
sure  displaces  the  acid  from  the  flask  and  the  reaction  ceases. 


Determination  of  Furfural 

IRA  J.  DUNCAN1 

West  Virginia  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 


IN  STUDYING  methods  and  procedures  for  the  preparation 
of  hemicellulose  from  plant  material  many  obstacles  are 
encountered.  One  difficulty  is  the  possible  loss  of  hemicellu¬ 
lose  as  the  steps  in  the  preparation  are  carried  out.  A  means 
of  determining  any  change  in  the  hemicellulose  content  would 
aid  considerably,  as  the  procedure  could  be  modified  to  prevent 
this  loss.  With  certain  types  of  material,  furfural  may  be  de¬ 
termined  at  the  various  stages  of  extraction  and  purification 
to  indicate  whether  there  is  a  change  in  the  hemicellulose  con¬ 
tent.  With  this  in  mind  methods  for  determining  furfural  were 
examined,  seeking  an  accurate  and  rapid  method  which  is 
easily  manipulated. 

The  method  of  Tollens  and  Ivrober  for  the  determination  of 
furfural  (6)  is  the  one  most  commonly  used.  The  pentoses, 
pentosans,  etc.,  are  converted  into  furfural  by  distillation  with 
12  per  cent  hydrochloric  acid  solution  according  to  a  standard 
procedure.  After  precipitation  with  phloroglucinol  the  weight 
of  furfural,  pentose,  or  pentosan  corresponding  to  a  given  weight 
of  phloroglucide  may  be  obtained  by  reference  to  Krober’s 
tables. 

Pentoses  do  not  usually  yield  the  theoretical  quantity  of  fur¬ 
fural  upon  distillation  with  acids.  Xylose  gives  about.  90  per 
cent  and  arabinose  about  75  per  cent  of  theoretical.  This  has 
been  explained  as  being  due  to  a  partial  destruction  of  furfural. 
Pervier  and  Gortner  (3)  and  Youngburg  (7)  suggested  distilling 
in  a  current  of  steam  to  lessen  the  opportunity  for  decomposition. 
Others  (Iddles  and  Robbins,  2)  found  that  passing  steam  into 
the  solution  during  distillation  gave  little  or  no  increase  in 
furfural. 

Instead  of  distilling  pentoses  or  pentosans  in  the  presence  of 
hydrochloric  acid,  Youngburg  (7)  used  phosphoric  acid.  The 
distillation  was  carried  out  in  a  stream  of  steam  and  the  tem¬ 
perature  in  the  flask  was  allowed  to  rise  to  175°  C.  Good  re¬ 
sults  were  claimed  when  pure  xylose  or  arabinose  wrere  distilled, 
but  only  approximations  are  obtained  in  the  case  of  various  com¬ 
plex  materials  yielding  furfural. 

Pervier  and  Gortner  ( 3 )  found  that  furfural  can  be  determined 
in  acid  solution  by  oxidation  with  bromate  salts  in  the  presence 
of  bromides,  determining  the  end  point  electrometrically.  They 
also  found  that  the  Toliens-Krober  precipitation  method  was  in 
considerable  error  when  applied  to  dilute  solutions  of  furfural. 
Powell  and  Whittaker  (4)  improved  the  method  of  determining 
the  end  point  by  using  an  excess  of  bromate,  adding  potassium 
iodide,  and  titrating  back  with  thiosulfate.  Each  milliliter  of 
0.1  A  bromate  used  is  equivalent  to  0.0024  gram  of  furfural. 
Hughes  and  Acree  ( 1 )  carried  out  the  reaction  at  0°  C.  This 
procedure  held  the  absorption  to  1  mole  of  bromine  per  mole 
of  furfural  and  thus  eliminated  the  error  involved  in  the  slow 
absorption  of  the  second  mole  of  bromine.  Each  milliliter  of 
0.1  A  bromate  used  is  equivalent  to  0.0048  gram  of  furfural. 

For  the  colorimetric  estimation  of  furfural  in  the  distillate 
such  color  reagents  as  benzidine,  xylidine  salts,  and  aniline  salts 
have  been  used.  Stillings  and  Browning  ( 5)  developed  a  method 
in  -which  the  furfural  is  allowed  to  react  with  aniline  acetate  in 
acetic  acid  solution  and  the  intensity  of  color  produced  is 
measured  photocolorimetrically. 

Experimental 

Since  it  was  desired  to  select  a  suitable  method  for  deter¬ 
mining  furfural  in  plant  material,  some  of  the  available 
-  methods  were  compared.  As  the  Tollens  and  Krober  method 
has  been  shown  to  be  in  considerable  error,  particularly  when 
applied  to  low  concentrations  of  furfural,  attention  was  turned 
to  a  volumetric  or  colorimetric  procedure. 

A  study  of  the  colorimetric  method  of  Stillings  and  Brown¬ 
ing  ( 5 )  showed  that  fairly  consistent  results  are  obtained  when 
the  temperature,  concentration  of  reagents,  and  freedom  from 

1  Present  address,  Axton-Fisher  Tobacco  Co.,  Louisville,  Ky. 


light  are  carefully  controlled.  However,  the  method  could  be 
improved  by  reducing  the  time  required  for  maximum  color  to 
develop  and  by  stabilizing  the  color.  With  this  in  mind  a 
number  of  substances  were  added  to  the  furfural  solutions 
prior  to  the  addition  of  the  color  reagent.  It  was  found  that 
small  amounts  of  a  mixture  of  oxalic  acid  and  disodium  phos¬ 
phate  increased  the  rate  of  color  development.  In  these  trials 
0.075  mg.  of  furfural,  25  ml.  of  glacial  acetic  acid  containing 
2.5  ml.  of  aniline,  and  varying  amounts  of  the  other  reagents 
were  used.  The  final  volume  was  50  ml.  and  the  relative 
color  intensities  of  the  solutions  were  determined  by  means 
of  a  Kuder  photoelectric  colorimeter. 


Table  I.  Effect  of  Oxalic  Acid  and  Disodium  Phosphate 
on  Color  of  Furfural  Solutions 


Sample 

— Kuder  Headings®- 

No. 

Treatment 

30  min. 

45  min. 

1  hour 

1.25  hours 

Grams 

1 

1.0 

NaCl 

47.5 

48.4 

48.5 

47.5 

2 

0.50 

Na2HP04 

48.7 

48.8 

47.5 

46.0 

3 

0.25 

Na2HP04 

48.2 

48.1 

46.8 

44.9 

4 

0.12 

Na2HP04 

48.4 

48.2 

46.8 

44.6 

5 

(0.5 

(0.12 

Na2HP04 
Oxalic  acid 

49.1 

50.2 

50.1 

49.4 

6 

(0.25 

(0.12 

Na2HP04 
Oxalic  acid 

49.2 

50.2 

50.2 

49.5 

7 

(0.12 

(0.12 

Na2HP04 
Oxalic  acid 

48.5 

50.2 

50.1 

49.8 

8 

(0.50 

1  0.12 

NaCl 

Oxalic  acid 

Cloudy 

(0.25 

NaCl 

9 

■<0.25 

Na2HP04 

48.9 

50.0 

50.7 

50.2 

(0.12 

Oxalic  acid 

°  All  values  represent  means  of  from  2  to  4  determinations.  Kuder  read¬ 
ings  are  directly  proportional  to  color  intensity  of  solutions. 


The  results  given  in  Table  I  show  that  the  addition  of  0.12 
to  0.50  gram  of  disodium  phosphate  to  the  color  reagents  in¬ 
creases  the  rate  of  color  development,  but  did  not  improve 
the  stability  of  the  color.  The  addition  of  a  mixture  of  0.12 
gram  of  oxalic  acid  and  0.12  to  0.5  gram  of  disodium  phosphate 
increased  the  intensity  of  color  as  compared  to  the  sodium 
chloride  treatment,  and  the  solutions  were  more  stable  than 
those  containing  disodium  phosphate  alone.  The  addition  of 
0.25  gram  of  sodium  chloride  to  this  mixture  had  little  or  no 
effect  on  the  color.  A  mixture  of  oxalic  acid  and  sodium 
chloride  gave  a  cloudy  solution  after  standing  30  to  45  min¬ 
utes. 

Twelve  per  cent  hydrochloric  acid  is  commonly  employed 
in  the  distillation  of  pentoses,  pentosans,  etc.,  for  the  separa¬ 
tion  of  furfural.  Since  Youngburg  recommended  phosphoric 
acid,  it  was  decided  to  compare  phosphoric  and  different  con¬ 
centrations  of  hydrochloric  acid. 

A  xylose  solution  containing  0.25  gram  of  xylose  per  25  ml. 
was  used,  and  25-ml.  aliquots  were  placed  in  500-ml.  two¬ 
necked,  round-bottomed  flasks.  Samples  of  arabinose,  sweet 
clover,  alfalfa,  and  crude  hemicellulose  were  also  distilled. 
Acids  to  give  the  following  concentrations  were  added  to  the 
flasks:  phosphoric  acid,  57  per  cent;  hydrochloric  acid,  12, 
18.5,  and  24  per  cent.  A  steam  inlet  tube,  which  extended  al¬ 
most  to  the  bottom  of  the  flask,  was  placed  through  one  opening, 
and  the  flask  was  connected  through  the  other  opening  to  a 
condenser  by  means  of  an  adapter,  provided  with  thermometer. 
All  connections  were  interchangeable  ground-glass  joints.  A 
steady  stream  of  steam  was  passed  into  the  flask,  under  which  a 
small  flame  was  placed.  A  vigorous  boil  was  maintained  through¬ 
out  the  distillation.  The  distillate  was  collected  in  1-liter 
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Table  II.  Determination  of  Furfural  by  Distilling  in  the  Presence  of  Phosphoric 

and  Hydrochloric  Acids 


Wt.  of 

Acid  Used 

Temp,  of 

Time  of 

Furfural  Found 

Sample  Material 

Sample 

HaPO» 

HC1 

Distn. 

Distn. 

By  titration 

Colorimetrically 

Gram 

% 

% 

°  C. 

Hours 

% 

% 

Xylose 

0.25 

57 

98-105 

3 

57.4,57.4,  57.7 

49.5,49.5,51.1 

0.25 

57 

110-12 

2 

55.3, 54.7 

50.2, 51.0 

1-Arabinose 

0.25 

57 

110-12 

1 

44.4,44.1,44.7 

37.0,36.3,36.9 

Sweet  clover 

0.20 

57 

110-12 

1 

8.2,  8.2 

5.1,  5.1 

Alfalfa 

0.20 

57 

110-12 

1 

9.3,  9.1 

6.1,  6.1 

Xylose 

0.25 

12 

102-3 

6 

60.6,60.8 

55. 1,  55.8,  54.9 

0.25 

18.5 

105 

2.5 

61.2,61.0 

54.8, 55.2, 54.8, 55 

0.25 

24 

105 

2.5 

60.8,60.2 

55.9, 54.8 

Sweet  clover 

1.00 

18.5 

105 

2.5 

9.3,  9.0 

6.0,  6.0,  5  9 

Crude  hemicellulose 

0.10 

18.5 

105 

2 

33.2, 32.2 

29.2,29.2 

Xylose 

0.25 

12 

102-3 

2 

53.1 

44.4 

0.25 

12 

102-3 

3.5 

58.0 

51.1 

0.25 

12 

102-3 

4.5 

59.7 

53.6 

0.25 

12 

102-3 

6 

60.8 

54.9 

volumetric  flasks.  The  distillation  is  complete  when  several 
drops  of  the  distillate  placed  in  a  test  tube  fail  to  give  a  color  in 
10  minutes  when  an  equal  volume  of  glacial  acetic  acid,  contain¬ 
ing  2.5  ml.  of  aniline  per  25  ml.,  is  added.  The  pH  of  the  dis¬ 
tillates  was  in  the  range  of  3  to  5  and  never  failed  to  give  a  color 
test  when  furfural  was  present. 

The  furfural  in  the  distillates  was  determined  by  both  the 
titration  procedure  of  Hughes  and  Acree  ( 1 )  and  the  modified 
colorimetric  method. 

The  results  given  in  Table  II  show  that  higher  furfural 
values  were  obtained  when  the  distillations  were  carried  out 
in  the  presence  of  hydrochloric  acid  as  compared  to  phos¬ 
phoric  acid.  Approximately  equal  values  were  obtained  with 
12,  18.5,  and  24  per  cent  hydrochloric  acid;  however,  12  per 
cent  hydrochloric  acid  required  at  least  twice  as  long  for  the 
complete  removal  of  furfural  from  the  sample.  The  18.5 
and  24  per  cent  concentrations  required  about  an  equal  length 
of  time. 

The  titration  procedure  gave  consistently  higher  values 
than  the  colorimetric  procedure,  but  the  reason  for  this  was 
not  clear.  In  an  attempt  to  clarify  this  point  it  was  decided 
to  compare  the  results  obtained  by  titration  and  colorimetri- 
cally  when  other  sugars  were  distilled  with  18.5  per  cent  hydro¬ 
chloric  acid.  In  addition,  samples  of  xylose  were  reinforced 
with  certain  aldehydes  and  other  compounds  and  distilled, 
and  pure  furfural  was  determined  colorimetrically  and  by  ti¬ 
tration. 


Table  III.  Titration  and  Colorimetric  Values 

[Distillates  from  rhamnose  (methylpentose),  levulose  (hydroxymethylpen- 
tose),  xylose,  and  xylose  reinforced  with  0.20  gram  of  aldehydes,  etc.] 

Results  Calculated 


Wt.  of 

as  Furfural 

Substance  Distilled 

Sample 

By  titration 

Colorimetrically 

Gram 

% 

% 

Rhamnose 

0.17 

29.6 

0 

Levulose 

0.25 

5.3 

0 

Xylose 

0.25 

58.3 

55.6 

Xylose  +  benzaldehyde 

0.25 

56 . 6 

55 . 2 

Xylose  4-  vanillin 

0.25 

109.3 

55 . 7 

Xylose  +  quercitin 

0.25 

56 . 6 

54.7 

Xylose  -j-  salicylaldehyde 

0.25 

204.9 

55.2 

Furfural 

1.000 

98.7 

98.7 

Table  III  shows  that  methylpentose  and  hydroxymethyl- 
pentose  gave  a  titration  value  but  did  not  produce  a  color  with 
the  furfural  color  reagents.  When  xylose  was  reinforced  with 
certain  aldehydes  the  distillates  gave  higher  titration  values 
than  xylose  alone.  The  colorimetric  procedure  gave  no  higher 
values.  Quercitin  and  benzaldehyde  had  no  apparent  effect 
on  either  the  colorimetric  or  the  titration  procedure.  Pure 
furfural  gave  almost  theoretical  values  when  titrated  or 
measured  colorimetrically.  Samples  of  pure  furfural  (not 
shown)  gave  approximately  100  per  cent  recovery  by  steam- 
distillation.  These  results  indicate  that  the  colorimetric 


method  is  more  accurate  for 
the  determination  of  fur¬ 
fural.  Since  plant  materials 
probably  produce  certain  re¬ 
ducing  substances  on  distilla¬ 
tion  with  acids,  these  might 
interfere  with  the  bromate 
titration  method,  as  pointed 
out  by  other  investigators. 

To  obtain  evidence  as  to 
the  effect  of  substances  dis¬ 
tilled  from  alfalfa  and  sweet 
clover  on  the  colorimetric 
method,  spectrophotometric 
curves  of  the  color  produced 
from  the  distillates  of  alfalfa 
and  swreet  clover  were  com¬ 
pared  with  similar  curves  plotted  from  pure  furfural  color 
solutions  of  equal  concentration.  Within  experimental  error 
all  the  curves  were  similar,  which  indicated  that  no  ap¬ 
preciable  interfering  substances  were  present  in  the  alfalfa  or 
sweet  clover  distillates. 

Procedure 

A  sample  of  pentose,  pentosan,  or  plant  material  having  a 
furfural  content  between  1  and  15  mg.  is  placed  in  a  500-ml.  two¬ 
necked  round-bottomed  flask.  Hydrochloric  acid  and  water  in 
sufficient  amount  to  give  between  200  and  225  ml.  of  about  18.5 
per  cent  hydrochloric  acid  (approximately  1  to  1  by  volume)  is 
added  to  the  sample.  A  steam  tube  extending  almost  to  the 
bottom  of  the  flask  is  inserted  through  one  opening,  and  the  flask 
is  connected  to  a  condenser  through  an  adapter  containing  a 
thermometer.  A  steady  stream  of  steam  is  passed  into  the 
solution  and  a  flame  is  placed  under  the  flask.  When  the  con¬ 
tents  of  the  flask  begin  to  boil  vigorously  the  flame  is  adjusted 
to  hold  the  temperature  between  105°  and  106°  C.,  measured 
at  the  opening  into  the  condenser.  The  distillate  is  allowed  to 
pass  through  a  small  filter,  as  it  comes  from  the  condenser,  and 
then  into  a  1-liter  volumetric  flask.  If  the  liquid  in  the  dis¬ 
tilling  flask  is  reduced  to  approximately  75  ml.,  the  steam  inlet 
tube  is  removed  and  hydrochloric  acid  (1  +  1)  is  added  to  bring 
the  volume  back  to  200  to  225  ml.  The  distillation  is  usually 
complete  in  2  or  2.5  hours.  This  is  determined  when  a  few  drops 
of  the  distillate  fail  to  give  a  color  in  10  minutes  with  an  equal 
volume  of  glacial  acetic  acid  containing  2.5  ml.  of  aniline  per  25 
ml.  of  acid. 

The  solution  is  diluted  to  the  mark,  and  mixed,  and  10-ml. 
aliquots  are  pipetted  into  50-ml.  volumetric  flasks.  The  solu¬ 
tions  are  made  just  alkaline  to  phenolphthalein  with  sodium 
hydroxide,  and  5  ml.  of  a  solution  containing  approximately 
0.12  gram  of  oxalic  acid  and  0.25  gram  of  disodium  phosphate  per 
5  ml.  are  added.  The  solution  is  diluted  to  approximately  25 
ml.  with  distilled  water  and  25  ml.  of  glacial  acetic  acid  con¬ 
taining  2.5  ml.  of  freshly  distilled  aniline  are  added.  The  acetic 
acid  and  aniline  should  be  mixed  and  allowed  to  come  to  room 
temperature  just  before  using.  It  is  then  diluted  to  the  50-ml. 
mark,  mixed,  placed  in  a  water  bath  at  20°  C.,  and  covered  so  that 
almost  all  the  light  is  excluded.  After  45  minutes  to  1  hour  it  is 
read  in  a  photoelectric  colorimeter.  The  concentration  of  fur¬ 
fural  corresponding  to  a  given  colorimeter  reading  is  obtained  by 
reference  to  a  calibration  curve  made  by  plotting  a  series  of  known 
furfural  solutions  against  colorimeter  readings.  If  a  photo¬ 
electric  colorimeter  is  not  available,  the  unknown  solution  may 
be  compared  to  known  standards  in  any  type  of  colorimeter  in 
general  use. 

Summary  and  Conclusions 

The  steam-distillation  of  pentoses  and  plant  material  with 
hydrochloric  acid  resulted  in  higher  yields  of  furfural  than 
steam-distillation  with  phosphoric  acid.  The  use  of  12  per 
cent  hydrochloric  acid  required  at  least  twice  as  long  as  18.5 
or  24  per  cent  hydrochloric  acid  to  remove  all  the  furfural. 
The  yield  of  furfural  from  xylose  was  approximately  the  same 
when  the  three  concentrations  were  used. 

In  the  application  of  the  aniline  acetate  colorimetric 
method,  the  addition  of  small  amounts  of  oxalic  acid  and  di- 


164 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  3 


sodium  phosphate  to  the  color  reagents  resulted  in  increased 
color  intensity  and  shortened  slightly  the  time  required  for 
maximum  color  to  develop.  The  colorimetric  method  was  not 
affected  by  methyl  furfural  or  hydroxymethyl  furfural.  The 
distillates  from  alfalfa  or  sweet  clover  produced  colored  solu¬ 
tions  very  similar  to  that  produced  with  pure  furfural,  as 
shown  by  spectrophotometric  curves.  The  titration  method 
of  Hughes  and  Acree  ( 1 )  gave  consistently  higher  results  than 
the  colorimetric  method  when  applied  to  the  distillates  from 
pure  sugars,  alfalfa,  or  sweet  clover.  This  may  be  due  to  the 
presence  of  reducing  substances  other  than  furfural  in  the  dis¬ 
tillates.  For  these  reasons  it  is  thought  that  the  colorimetric 
method  may  be  more  accurate. 
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Determination  of  Total  Sulfur  in  Rubber  and 

Rubberlike  Materials 

LA  VERNE  E.  CHEYNEY 
The  Goodyear  Tire  and  Rubber  Co.,  Akron,  Ohio 


A  modification  is  presented  of  the  oxida¬ 
tion  procedure  employed  in  the  standard 
method  for  the  determination  of  total  sul¬ 
fur  in  rubber  and  similar  materials.  The 
method  is  especially  valuable  for  the  analy¬ 
sis  of  vulcanized  synthetic  rubberlike  ma¬ 
terials.  It  is  likewise  applicable  to  a  wide 
variety  of  sulfur-containing  organic  com¬ 
pounds. 


THE  determination  of  total  or  combined  sulfur  in  vulcan¬ 
ized  rubber  and  materials  of  similar  type  involves  nu¬ 
merous  difficulties.  This  fact  is  attested  by  the  very  large 
number  of  methods  which  have  been  proposed  (3) . 

The  most  important  methods  all  involve  oxidation  of  the 
sulfur,  in  whatever  form  it  may  be  present,  to  sulfate  and 
weighing  the  latter  as  barium  sulfate.  The  only  essential  dif¬ 
ferences  lie  in  the  methods  of  oxidation  employed. 

The  methods  which  seem  to  be  the  most  popular  at  the  present 
time  are  (a)  oxidation  of  the  sample  in  a  Parr  bomb  with  sodium 
peroxide,  potassium  chlorate,  and  sugar  ( 5 ,  6,  8,  9) ;  ( b )  oxidation 
with  perchloric  acid  and  nitric  acid  (12),  sometimes  with  the  addi¬ 
tional  use  of  bromine  (4)',  (c)  oxidation  with  nitric  acid  and 
bromine,  followed  by  sodium  carbonate-potassium  nitrate  fusion 
( 1 ,  2,  11);  and  (d)  oxidation  with  nitric  acid-zinc  oxide  mixture, 
bromine,  and  potassium  chlorate  (1,  2,  7). 

Serious  explosions  have  been  known  to  occur  with  perchloric 
acid  oxidations;  hence  this  method  is  not  so  popular  at  present 
as  the  other  three.  The  fusion  methods  are  reliable,  but  they 
are  time-consuming  and  therefore  not  convenient  when  large 
numbers  of  samples  must  be  handled. 

Methods  (c)  and  ( d )  have  been  for  a  number  of  years  the  pre¬ 
ferred  procedures  of  the  A.  S.  T.  M.  For  several  years  the  fusion 
method  w'as  the  “recommended”  one  and  method  (d),  commonly 
referred  to  as  the  “Kratz-Flower”  method,  was  listed  as  the 
“alternate”  method  (1).  In  1940  (2)  the  order  of  listing  was 
reversed,  with  the  Kratz-Flower  method  becoming  the  recom¬ 
mended  and,  at  least  inferentially,  the  preferred  procedure. 

This  procedure  involves  a  preliminary  oxidation  with  nitric 
acid  and  bromine,  following  which  the  mixture  is  slowly  evapo¬ 
rated  to  a  foamy  sirup.  Then,  if  organic  matter  or  carbon 
remains  at  this  point,  a  few  milliliters  of  fuming  nitric  acid  and  a 


few  crystals  of  potassium  chlorate  are  added  and  the  solution  is 
evaporated  at  a  boil.  The  operation  is  repeated  until  all  carbon 
is  gone  and  the  solution  is  clear,  colorless,  or  light  yellow.  It  is 
then  evaporated  and  nitrates  are  decomposed  by  one  of  two  al¬ 
ternate  methods. 

The  analyst  is  cautioned  to  use  care  during  the  addition  of 
potassium  chlorate.  This  is  a  standard  precaution,  to  be 
found  in  all  analytical  textbooks.  That  it  is  well  founded  is 
proved  by  the  fact  that  explosions  frequently  occur  when  the 
addition  is  carried  out  in  this  manner. 

An  additional  disadvantage  of  this  standard  procedure  is 
the  fact  that  the  seemingly  drastic  conditions  of  oxidation  are 
still  not  sufficient  to  effect  the  oxidation  of  many  samples. 
Carbon  black  is  oxidized  in  some  samples,  but  not  in  others. 
Some  of  the  synthetic  rubbers  prove  especially  troublesome, 
as  the  solution  reaches  a  dark,  nearly  black  color  which  is 
not  destroyed  by  repeated  treatment. 

A  somewhat  unorthodox  modification  of  the  above  proce¬ 
dure  has  been  found  to  take  care  of  these  difficulties  and  to 
yield  a  clear,  light-colored  solution  with  considerably  less 
trouble.  The  writer  does  not  claim  to  have  originated  the 
method;  in  its  present  form  it  is  an  adaptation  of  a  general 
procedure  with  which  he  came  in  contact  a  number  of  years 
ago  and  the  exact  origin  of  which  is  not  known.  In  the  mean¬ 
time,  the  method  has  been  extensively  tested,  in  the  hands  of 
both  experienced  analysts  and  students  who  were  completely 
unfamiliar  with  the  procedure.  A  number  of  variables  af¬ 
fecting  the  procedure  have  thus  been  studied  in  some  detail, 
and  the  operating  details  as  indicated  here  are  believed  to  be 
general  in  their  application. 

Modified  Method 

In  the  standard  method  as  modified,  the  nitric  acid-bromine 
oxidation  is  carried  out  as  usual.  Then  the  resulting  solution  is 
evaporated  slowly  until  no  more  nitrogen  oxide  or  bromine  fumes 
are  visible,  diluted  with  10  to  15  ml.  of  concentrated  nitric  acid, 
and  heated  to  boiling.  To  the  vigorously  boiling  solution  are 
added  successively  several  0.5-gram  portions  of  potassium  chlo¬ 
rate. 

Contrary  to  what  one  might  expect,  no  explosion  occurs. 
This  procedure  has  been  employed  in  hundreds  of  analyses  of 
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Table  I.  Typical  Sulfur  Determinations 


Modified 

Sample 

Theoretical 

Parr  Bomb 

A.  S.  T.  M. 

Rubber  stock  A 

2.42 

2.50 

2.45 

2.45 

Rubber  stock  B 

1.80 

1.80 

1.85 

1.84 

Rubber  stock  C 

3.05 

3.10 

3.09 

3.14 

Hycar  O.  R.  stock 

2.76 

2.80 

2.80 

2.81 

Buna  S  stock  A 

1.76 

1.78 

1.80 

1.78 

Buna  S  stock  B 

1.42 

1.37 

1.40 

1.42 

Thiokol  stock 

47.20 

47.30 

47.38 

47.42 

Mercaptobenzothiazole 

38.42 

38.28 

38.50 

38.42 

38.40 

Ethyl-p-toluenesulfonate 

15.98 

16.00 

16.00 

15.98 

15.95 

Thiocarbanilide 

14.04 

14.17 

14.10 

14.12 

14.17 

n-Butyl  sulfite 

16.48 

16.32 

16.40 

16.37 

16.47 

various  types  of  rubber  products  and  explosions  have  occurred 
only  where  the  solution  was  allowed  to  cool  and  was  no  longer 
boiling  vigorously. 

Carbon  black  is  oxidized  readily  by  this  method,  and  the 
dark-colored  solutions  obtained  from  vulcanized  synthetic 
rubber  samples  are  readily  decolorized  to  yield  usually  straw- 
colored  solutions.  If  the  successive  portions  of  chlorate  are 
added  too  rapidly,  foaming  may  result.  An  occasional  sample 
foams  when  companion  samples  do  not;  this  variance  may  be 
due  to  the  presence  of  certain  compounding  ingredients.  A 
little  practice  will  enable  the  analyst  to  anticipate  cases  of 
bad  foaming,  and  to  control  them  by  quickly  removing  from 
the  heat  during  the  early  stages  of  foaming,  and,  if  necessary, 
cooling  under  tap  water. 

The  exact  amount  of  chlorate  necessary  to  effect  the  oxida¬ 
tion  varies  with  the  individual  sample.  This  is  particularly 
true  of  those  containing  carbon  black.  The  relative  ease  of 
oxidation  seems  to  be  related  to  the  type  of  black.  In  general, 
any  unnecessary  excess  of  chlorate  should  be  avoided,  to  pre¬ 
vent  contamination  of  the  barium  sulfate  precipitate  by  other 
salts.  A  large  excess  of  chlorate  definitely  tends  to  favor  co¬ 
precipitation. 

Since  potassium  chlorate  is  somewhat  difficult  to  obtain  in 
war  time,  a  number  of  determinations  have  been  made  with  an 
analytical  grade  of  sodium  chlorate.  The  sodium  salt  may  be 
substituted  for  the  potassium  with  no  noticeable  loss  in  effi¬ 
ciency,  but  where  both  are  available,  the  potassium  salt  is 
preferred,  as  it  can  usually  be  obtained  in  a  higher  state  of 
purity. 

Following  the  chlorate  treatment  the  normal  procedure  may 
be  employed,  with  no  additional  modifications. 

This  general  method  for  the  determination  of  sulfur  is  also 
adapted  for  the  analysis  of  various  sulfur-containing  com¬ 
pounds,  especially  organic  ones.  It  is  reasonably  convenient 
and  merits  more  attention  than  it  has  received  in  the  past  from 
those  engaged  in  analyzing  materials  other  than  rubber.  It 
has  been  used  successfully  by  the  writer  in  analyzing  a  wide 
variety  of  sulfur  compounds;  none  of  those  investigated  have 
failed  to  be  oxidized  by  this  method.  However,  it  is  not  a 
completely  universal  method,  and  some  judgment  must  be 
exercised  in  its  use.  In  the  case  of  long-chain  organic  sulfur 
compounds  of  very  considerable  molecular  weight,  and  rela¬ 
tively  high  sulfur  content  (10),  the  recurrence  of  units  in  the 
chain  of  the  type  — RSR —  is  common  and  on  oxidation  can 
give  rise  to  sulfones  of  such  stability  that  even  the  sodium 
peroxide  fusion  method  very  frequently  leads  to  low  results. 
The  only  method  that  gives  consistently  accurate  results  in 
the  case  of  this  type  of  compound  involves  the  practically  in¬ 


stantaneous  oxidation  of  the  sample  in  a  bomb  under  about 
30  atmospheres  of  oxygen  pressure. 

Many  organic  compounds  are  completely  oxidized  by  the 
nitric  acid-bromine  combinations  and  the  chlorate  is  then  un¬ 
necessary. 

In  Table  I  are  listed  a  few  of  the  more  typical  results  ob¬ 
tained  by  this  procedure.  The  Parr  bomb  fusion  with  sodium 
peroxide  was  chosen  as  a  reference  method  for  these  samples. 
The  agreement  between  these  two  methods  is  good  and  the 
analytical  results  for  the  pure  compounds  check  well  with  the 
calculated  values. 

Complete  Procedure 

Place  0.5  gram  of  soft  rubber  or  0.2  gram  of  hard  rubber  in  a 
500-ml.  Erlenmeyer  flask  of  chemically  resistant  material  (Pyrex, 
quartz,  etc.),  add  10  ml.  of  zinc  oxide-nitric  acid  solution  (con¬ 
taining  200  grams  of  zinc  oxide  to  1000  ml.  of  nitric  acid,  specific 
gravity  1.42),  and  moisten  the  sample  thoroughly.  Let  stand 
at  least  1  hour,  overnight  if  convenient.  The  sample  becomes 
partly  decomposed;  this  permits  the  addition  of  fuming  nitric 
acid  with  no  danger  of  ignition  of  the  sample.  Add  15  ml.  of 
fuming  nitric  acid  and  whirl  the  flask  rapidly  to  keep  the  sample 
immersed  to  avoid  ignition.  With  some  samples  it  may  be  neces¬ 
sary  to  cool  the  flask  under  running  water. 

When  the  solution  of  the  rubber  appears  to  be  complete,  add 
5  ml.  of  a  saturated  water  solution  of  bromine  and  slowly  evapo¬ 
rate  the  mixture  until  no  more  fumes  of  nitrogen  oxide  or  bromine 
are  visible.  Dilute  the  solution  with  10  to  15  ml.  of  concen¬ 
trated  nitric  acid  and  heat  to  boiling.  To  the  vigorously  boiling 
solution  add  about  0.5  gram  of  potassium  chlorate  (or  an  ana¬ 
lytical  grade  of  sodium  chlorate).  If  the  solution  is  still  dark  in 
color,  continue  to  boil  and  add  another  portion  of  chlorate. 
Continue  the  addition  of  successive  portions  of  chlorate  until  all 
carbon  is  gone  and  the  solution  is  clear,  colorless,  or  light  yellow. 
Do  not  use  an  excess  of  chlorate  over  the  amount  required  to 
complete  the  oxidation.  (Caution:  Foaming  may  result  if  the 
portions  of  chlorate  employed  are  too  large  or  if  the  successive 
portions  are  added  too  rapidly.)  If  foaming  starts,  cool  imme¬ 
diately,  if  necessary  under  running  water. 

Evaporate  the  mixture  to  dryness  and  bake  at  the  highest 
temperature  of  a  Tirrill  burner  until  all  nitrates  are  decomposed 
and  no  more  nitrogen  oxide  fumes  can  be  detected.  Anneal  the 
flask  carefully  to  prevent  cracking. 

Add  50  ml.  of  hydrochloric  acid  (1  to  6)  to  the  cooled  flask  and 
digest  warm  until  solution  is  as  complete  as  possible.  Filter 
the  solution,  wash  the  filter,  and  dilute  the  solution  to  300  ml. 
Add  10  ml.  of  saturated  picric  acid  solution,  precipitate  with  10 
per  cent  barium  chloride,  and  allow  the  precipitate  to  stand 
overnight.  Filter,  wash  with  hot  water  until  the  filter  paper  is 
colorless,  and  determine  the  barium  sulfate  precipitate  in  the 
usual  manner. 
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Importance,  Composition,  and  Analysis  of 
Bolivian  Tin  Concentrates 

SILVE  KALLMANN 

Ledoux  &  Co.,  155  Sixth  Ave.,  New  York,  N.  Y. 


IT  IS  characteristic  of  all  strategic  metals,  minerals,  and 
ores  that  their  domestic  supply  is  inadequate  and  that 
there  exists  a  marked  inequality  of  distribution  among 
producing  and  consuming  countries.  This  is  particularly 
true  in  the  case  of  tin.  This  country,  the  world’s  largest 
consumer  of  tin  (almost  50  per  cent  of  the  world  output)  is 
compelled,  with  the  exception  of  some  secondary  recovery, 
to  import  all  its  tin  from  distant  countries. 

Prior  to  the  present  war,  approximately  70  per  cent  of  the 
total  world  production  of  tin  ore,  mostly  from  placer  de¬ 
posits,  was  produced  in  southeastern  Asia  (Malaya,  China, 
Dutch  East  Indies)  and  about  20  per  cent,  mostly  from  lode 
deposits,  in  Bolivia. 


concentrates.  A  new  and  impressive  tin  smelter  has  been 
built  in  Texas  and  is  operated  for  the  U.  S.  Government  by 
the  Dutch  N.  Y.  Billiton  subsidiary,  called  the  Tin  Processing 
Corporation,  a  group  which  reportedly  has  had  “more  actual 
experience  in  smelting  refractory  Bolivian  ores  than  any 
other  available  person  or  corporation”  (2).  It  is  hoped  that 
the  operation  of  this  vital  plant  will  go  a  great  way  toward 
establishing  a  permanent  tin  industry  in  this  country.  Since 
production  and  supply  of  tin  are  essential  factors  contributing 
to  victory,  the  importance  of  the  Bolivian  tin  concentrates 
(although  of  lower  quality  than  the  Malayan  and  East 
Indian  concentrates)  cannot  be  overestimated,  particularly 
in  the  light  of  recent  military  events  in  the  Ear  East. 


Table  I.  Composition  of  Bolivian  Tin  Concentrates 


Grade 

Sn 

Pb 

Cu 

Sb 

As 

Bi 

Zn 

S 

Fe 

Si02 

WO3 

Ti 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

High 

64.15 

0.02 

0.38 

0.10 

0.49 

0.003 

0.19 

2.17 

a 

a 

a 

a 

High 

57.78 

1.14 

0.52 

0.78 

0.45 

0.012 

0.38 

2.53 

7.69 

4.32 

0.06 

0.14 

High 

59.30 

0.32 

0.62 

0.09 

0.53 

0.004 

2.47 

4.13 

6.42 

4.70 

0.17 

0.03 

High 

62.19 

0.02 

0.17 

0.18 

0.27 

0.027 

0.21 

2.35 

a 

a 

a 

a 

Medium 

38.20 

0.09 

0.32 

0.18 

0.14 

0.033 

0.78 

3.13 

a 

a 

a 

a 

Medium 

52.83 

1.38 

0.07 

0.65 

0.62 

0.008 

4.14 

4.79 

a 

a 

a 

a 

Medium 

48.92 

0.14 

0.87 

0.64 

0.22 

0.008 

0.07 

3.33 

7.17 

19.14 

a 

a 

Medium 

36.49 

4.17 

0.66 

0.14 

0.46 

0.230 

10.09 

12.99 

a 

a 

a 

a 

Low 

19.07 

0.33 

0.54 

0.57 

0.58 

0.131 

0.24 

2.63 

a 

a 

a 

a 

Low 

24.16 

1.13 

0.03 

0.14 

0.34 

0.026 

23.12 

24.55 

15.68 

a 

a 

a 

Low 

22.16 

0.92 

0.96 

3.48 

0.56 

0.074 

0.37 

8.19 

19.57 

22.91 

0.75 

1.21 

Low 

23.11 

0.75 

2.11 

0.34 

0.07 

0.217 

0.03 

6.77 

12.15 

38.00 

3.07 

a 

"Not  determined. 


Repeated  attempts  have  been  made  to  exploit  small 
and  low-grade  deposits  in  this  country,  but  there  seems 
little  hope  that  an  appreciable  output  of  tin  ore  can  be  de¬ 
veloped,  as  known  deposits  are  too  small  in  size  and  too  low 
in  grade  to  justify  work  on  a  scale  that  would  produce  an 
output  of  appreciable  magnitude  (1J+). 

Until  recently,  the  smelting  picture  was  not  much  brighter. 
The  smelters  in  Malaya  and  the  Dutch  East  Indies  used 
to  produce  more  than  60  per  cent  of  the  world’s  metallic 
tin;  Bolivia,  the  world’s  second  largest  ore  producer,  does 
no  smelting;  and  England,  which  is  only  a  small  ore  producer 
(2  per  cent  of  the  world  production),  is  the  second  largest 
smelter. 

There  have  been  only  two  noteworthy  attempts  in  the 
past  to  operate  smelters  in  the  United  States  (with  Bolivian 
ores),  one  in  1907,  the  other  in  1916;  both  ended  in  utter 
failure,  chiefly  because  of  political  and  commercial  control 
of  the  ore  supplies.  As  tin  is  probably  the  most  important 
strategic  metal,  Roush  advised  (15)  a  reserve  stock  pile 
containing  enough  metal  to  tide  over  anticipated  needs  for 
one  or  two  years. 

Therefore,  early  in  the  present  crisis,  the  Government 
increased  imports  of  tin  from  abroad  and  stepped  up  second¬ 
ary  recovery,  particularly  from  tin  plate  scrap  and  very 
recently  from  used  tin  cans.  In  addition,  and  despite 
failures  in  the  past  and  views  of  pessimistic  observers,  the 
Government,  represented  by  the  Metals  Reserve  Company, 
concluded,  as  early  as  November,  1940,  five-year  contracts 
with  a  number  of  Bolivian  tin  ore  producers,  providing  for 
the  annual  delivery  of  many  thousand  tons  of  tin  ores  and 


Composition  of  Bolivian 
Tin  Concentrates 

The  chemical  analysis  of  the 
Bolivian  tin  concentrates  presented 
a  major  problem  to  the  laboratories 
entrusted  with  this  task,  as  these 
concentrates  are  of  widely  varying 
grade  and  composition  and  the  amount 
of  impurities  ranges  from  zero  to 
many  per  cent. 

The  tin  concentrates  are  of  the 
cassiterite  (Sn02)  type,  stannite 
(Cu2S.FeS.SnS2)  and  thealite  (PbS- 
SnS2)  being  rejected  by  terms  of  the 
contract.  They  are  delivered  in  3 
grades:  high  grade,  over  55  per  cent  tin;  medium  grade, 
over  35  per  cent  tin;  low  grade,  over  18  per  cent  tin. 

Bolivian  tin  concentrates  are  contaminated  by  varying 
amounts  of  silica,  iron,  lead,  copper,  bismuth,  antimony, 
arsenic,  and  zinc,  mostly  in  the  form  of  oxides  and  sulfides. 
Sometimes  concentrates  containing  varying  amounts  of 
tungsten,  titanium,  aluminum,  and  calcium  are  encountered, 
as  well  as  manganese,  cadmium,  molybdenum,  vanadium, 
tantalum,  columbium,  silver,  and  indium,  mostly  in  very  small 
quantities.  The  contracts  between  the  Metals  Reserve  Com¬ 
pany  and  the  Bolivian  tin  producers  provide  that  more  than 
small  but  defined  amounts  of  lead,  copper,  bismuth,  antimony, 
arsenic,  zinc,  and  sulfur  are  objectionable,  certain  penalties 
and  treatment  charges  being  imposed  for  their  presence.  Some 
typical  composition  figures  obtained  in  actual  analysis 
(Table  I)  indicate  some  of  the  difficulties  that  analysts 
encounter  in  judging  the  approximate  composition  of  the 
tin  concentrates,  and  are  helpful  in  choosing  the  proper 
analytical  procedure  to  be  followed. 

As  the  writer  has  been  engaged  in  the  analysis  of  tin 
concentrates,  he  decided  to  test  all  methods  mentioned  in 
the  literature  that  appeared  to  be  suitable,  to  determine 
concisely  their  range  of  application,  and  to  compile  and 
present  them  in  a  form  that  may  prove  helpful  not  only  to 
laboratories  engaged  in  analysis  of  these  particular  con¬ 
centrates,  but  also  to  chemists  performing  assays  on  similar 
material. 

In  some  instances,  a  procedure  incorporating  the  best 
features  of  several  methods  has  been  developed,  which  gives 
reliable  results  and  is  generally  applicable  to  almost  any 
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type  of  tin  concentrate.  In  other  cases,  however,  new 
suggestions  and  procedures  had  to  be  worked  out  and  these 
have  been  included  in  the  investigation  reported  here. 
Spectrochemical  methods  for  the  determination  of  impurities 
in  tin  concentrates  are  becoming  more  popular  as  methods 
are  being  perfected.  One  laboratory  engaged  in  the  analysis 
of  Bolivian  tin  concentrates  first  identifies  all  samples  spectro¬ 
scopically,  and  unless  the  amount  of  the  impurity  exceeds 
a  certain  limit,  it  is  quantitatively  determined  by  spectro¬ 
chemical  analysis.  The  high  cost  of  spectroscopic  equip¬ 
ment,  however,  and  its  limited  range  of  application  for 
routine  quantitative  analysis  caused  this  writer  to  omit  a 
detailed  description  of  such  methods. 

Preparation  and  Solution  of  Sample 

Cassiterite  is  scarcely  attacked  by  any  acid,  but  some  of 
the  impurities  present  in  the  form  of  sulfide  or  oxide  (arsenic, 
zinc,  sulfur,  copper)  can  be  dissolved  by  proper  acid  treat¬ 
ment. 

Other  methods,  applied  in  the  procedures  described  below, 
are: 

1.  Fusion  with  a  mixture  of  sodium  peroxide  and  sodium 
carbonate  in  a  nickel  or  iron  crucible.  The  writer  has  carried  out 
numerous  tests  to  determine  the  most  efficient  and  economical 
fusion  mixture.  Sodium  peroxide  alone,  used  by  the  majority 
of  laboratories,  though  very  effective  with  cassiterite  and  other 
ores,  is  extremely  corrosive  and  readily  attacks  nickel  and  iron 
crucibles,  frequently  causing  loss  of  money  and  time  when  fu¬ 
sions  “melt  through”.  However,  a  mixture  of  1  part  of  sodium 
carbonate  with  2  parts  of  sodium  peroxide  not  only  produces  per¬ 
fect  decomposition  of  the  sample  but  lessens  the  corrosive  action 
of  the  sodium  peroxide  upon  the  crucible,  considerably  lengthen¬ 
ing  its  life. 

2.  Cassiterite  can  be  decomposed  by  fusion  with  a  mixture  of 
equal  parts  of  sodium  carbonate  or  potassium  carbonate  and 
sulfur.  Tin,  antimony,  and  arsenic  (also  any  molybdenum,  tung¬ 
sten,  and  vanadium)  are  found  in  the  water  extract  of  the  fusion, 
while  iron,  zinc,  copper,  lead,  and  bismuth  (as  well  as  any  titanium, 
manganese,  and  cadmium)  appear  in  the  residue.  This  method 
of  decomposing  tin  concentrates,  however,  should  be  avoided 
when  the  sample  is  high  in  iron  or  zinc. 

3.  Cassiterite  is  reduced  to  tin  by  ignition  in  a  stream  of  hy¬ 
drogen,  most  of  the  impurities  also  being  found  in  the  metallic 
residue.  Fusion  of  the  concentrate  with  potassium  cyanide  and 
other  reducing  fluxes  will  effect  a  similar  reduction  to  the  metal. 

4.  Fusion  of  cassiterite  with  certain  oxidizing  lead  fluxes  will 
result  in  its  decomposition,  tin  and  impurities  passing  into  the 
slag  and  bismuth  being  collected  in  the  lead  button. 

Determination  of  Tin  (Routine  Method) 

Weigh  1  gram  of  low-grade  tin  or  0.5  gram  of  medium-  or  high- 
grade  tin  concentrate  into  a  50-ml.  high-form  iron  or  nickel  cruci¬ 
ble,  add  4  grams  of  sodium  carbonate,  mix  thoroughly,  and  cover 
with  8  grams  of  sodium  peroxide.  Heat  the  crucible  and  contents 
over  a  small  Bunsen  flame  to  expel  any  water  in  the  flux  and  until 
the  charge  starts  melting,  then  carefully  finish  fusion  by  holding 
and  revolving  the  crucible  around  the  outer  edge  of  the  flame  until 
the  mixture  melts  down  quietly.  When  the  contents  are  in  quiet 
fusion,  continue  heating  with  the  full  flame  of  the  Bunsen  burner, 
while  rotating  the  crucible,  for  about  2  minutes. 

Let  the  melt  solidify  and  cool,  then  place  the  crucible  in  a  400- 
ml.  beaker,  add  60  ml.  of  cold  water,  and  allow  the  melt  to  dis¬ 
integrate.  Remove  the  crucible  from  the  beaker  with  a  glass  rod, 
rinsing  it  thoroughly  with  warm  water.  Add  50  ml.  of  concen¬ 
trated  hydrochloric  acid  to  the  beaker,  agitating  the  solution 
until  all  has  dissolved,  as  indicated  by  the  clear  green  color  of 
nickel  chloride  or  the  brown  color  of  ferric  chloride.  Clean  the 
crucible  with  50  ml.  of  hydrochloric  acid  and  add  to  main  solu¬ 
tion. 

Transfer  the  solution  to  a  500-ml.  Erlenmeyer  flask  and  dilute 
to  250  ml.  Introduce  a  nickel  strip  or  foil  weighing  about  5 
grams  and  boil  the  solution  gently  for  about  25  minutes  until  all 
ferric  chloride  has  been  reduced  (if  fusion  of  the  sample  was 
carried  out  in  an  iron  crucible).  Introduce  a  second  nickel  strip 
and  close  the  flask  with  a  rubber  stopper  containing  a  glass  tube 
extending  on  the  outside  to  the  bottom  of  the  flask.  Boil  the 
solution  gently  for  20  more  minutes,  then  seal  the  end  of  the  glass 
tube  with  a  hot  solution  of  sodium  bicarbonate  in  a  250-ml. 
beaker,  remove  the  flask  from  the  hot  plate,  cool  to  below  15°  C., 


and  titrate  with  a  0.125  N  iodine  solution,  using  starch  as  indica¬ 
tor. 

Strength  of  Iodine  Solution.  Weigh  160  grams  of  c.  p.  iodine 
and  320  grams  of  c.  p.  potassium  iodide  into  a  large  beaker  and 
cover  with  distilled  water.  Allow  to  stand  for  several  days  with 
occasional  stirring,  adding  more  water  until  all  is  dissolved,  filter 
through  asbestos  into  a  dark  bottle,  and  dilute  with  distilled 
water  to  approximately  10  liters.  Allow  to  stand  for  about  2 
weeks.  The  strength  of  the  iodine  solution  is  such  that  all  low- 
grade  tin  concentrates  (tin  <35  per  cent)  and  all  high-grade  con¬ 
centrates  (tin  <78  per  cent)  can  be  run  on  the  1.0-gram  or  0.5- 
gram  basis,  respectively,  using  in  either  case  less  than  50  ml.  of 
the  iodine  solution.  It  is  undesirable  to  reduce  and  titrate  more 
than  about  400  mg.  of  tin. 

Standardization  of  Iodine  Solution.  1.  As  stannous  chlo¬ 
ride  is  very  unstable  and  the  titer  of  the  iodine  solution  changes 
somewhat  with  the  concentration  of  acid  and  salts,  it  is  best  to 
use  one  of  the  standard  tin  concentrates  made  available  by  the 
National  Bureau  of  Standards  and  fuse,  reduce,  and  titrate  it, 
as  described  above,  simultaneously  with  the  sample  which  is 
analyzed. 

2.  If  a  standard  sample  of  a  similar  composition  is  not  at 
hand,  it  may  be  replaced  by  finely  rolled  and  cut  tin  foil,  which  is 
easily  fused  and  decomposed  in  a  nickel  or  iron  crucible  by  the 
same  fusion  flux  (Na2C03  +  Na202)  used  for  cassiterite. 

3.  Adding  to  the  hydrochloric  acid  solution  of  standard  tin  a 
“blank  fusion”  of  sodium  peroxide  in  an  iron  crucible,  in  order  to 
introduce  the  same  amount  of  salts  and  approximate  conditions 
prevailing  during  the  reduction  of  the  solution  of  the  sample,  is  a 
standardization  procedure  sufficient  for  routine  work  where  ex¬ 
treme  accuracy  is  not  required  but  is  inadequate  when  highly 
accurate  results  are  expected.  The  sample  has  to  undergo  a  num¬ 
ber  of  manipulations  during  which  it  is  subject  to  possible  me¬ 
chanical  losses  by  spattering,  volatilization,  etc.  On  the  other 
hand,  by  dissolving  tin  in  hydrochloric  acid  and  adding  a  blank 
fusion,  the  standard  is  not  submitted  to  the  same  manipulations 
and  possible  mechanical  losses  as  the  sample.  Consequently  this 
standardization  procedure  produces  somewhat  low  tin  results. 

4.  One  laboratory  proposes  the  use  of  a  “standard  solder” 
of  known  tin  content,  which  is  dissolved  in  nitric  acid  (1  gram  of 
the  solder).  Metastannic  acid  thus  obtained  is  filtered  off,  ig¬ 
nited,  and  fused  exactly  like  the  sample.  The  writer  believes 
that  this  standardization  procedure  is  objectionable,  not  only  as 
it  raises  the  question  of  the  reliability  of  the  “standard  solder”, 
but  also  because  any  chemical  or  mechanical  loss  of  metastannic 
acid  would  raise  the' titer  of  the  iodine  solution.  The  tendency  of 
this  procedure  is  to  give  high  tin  results. 

Nature  of  Interference.  Few  of  the  elements  found 
in  Bolivian  tin  concentrates  will  interfere  with  the  above 
method. 

Most  of  the  arsenic  is  expelled  as  trichloride,  and  most  of 
the  antimony  precipitated  by  the  nickel  foil.  Small  amounts 
of  arsenious  and  antimonious  compounds  are  without  effect 
if  the  solution  contains  sufficient  acid.  Larger  amounts 
of  antimony  (>50  mg.)  will  obscure  the  end  point  and  are 
best  removed  by  treating  the  hydrochloric  acid  solution 
with  iron  nails  and  subsequently  filtering  it  prior  to  the 
reduction  with  nickel.  Small  quantities  of  copper  (<50  mg.) 
do  not  interfere  as  they  are  precipitated  by  the  nickel,  but 
larger  amounts  should  be  removed  with  iron.  The  small 
amounts  of  bismuth  found  in  Bolivian  tin  concentrates  are 
precipitated  by  the  nickel  and  do  not  interfere.  Tungsten 
is  reduced  to  a  lower  oxide  by  the  nickel,  presumably  to 
the  blue  tungsten  pentoxide,  which,  however,  does  not 
consume  any  iodine.  When  much  tungsten  is  present  the 
blue  color  thus  produced  is  apt  to  obscure  the  end  point 
of  the  starch  indicator.  In  such  cases  lead  should  be  used 
instead  of  nickel  to  reduce  the  stannic  chloride. 

There  are  contradictory  statements  in  the  literature  con¬ 
cerning  the  exact  nature  of  interference  of  molybdenum, 
Mantell  (11)  asserting  that  molybdenum  has  no  effect, 
while  Scott  (16)  claims  that  it  is  reduced  by  the  nickel 
(presumably  to  the  trichloride)  and  is  subsequently  reoxidized 
by  the  iodine.  Tests  carried  out  by  the  writer  would  support 
this  latter  view.  The  reoxidation  of  the  molybdenum 
trichloride,  however,  is  not  proportional  to  the  amount  of 
molybdenum  present.  According  to  Scott  (16)  reduction 
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with  lead  will  obviate  the  above  difficulties.  Vanadium  is 
also  reduced  by  the  nickel  and  partly  reoxidized  by  the 
iodine  solution,  and  in  the  presence  of  large  amounts  of 
vanadium  reduction  should  be  carried  out  with  lead.  Ti¬ 
tanium  chloride  is  reduced  to  titanous  chloride  by  the  nickel. 
The  reduced  compound,  however,  is  oxidized  only  by  an 
excess  of  iodine,  and  even  then  the  action  is  extremely  slow. 

Modifications  of  the  above  method  have  been  proposed. 

Some  analysts  use  iron,  antimony,  zinc,  and  aluminum  instead 
of  nickel,  to  reduce  the  stannic  chloride.  The  method  favored 
by  many  European  laboratories  (4)  consists  in  removing  copper, 
antimony,  etc.,  by  reducing  the  hydrochloric  acid  solution  of  the 
tin  with  “ferrum  reductum”  and  subsequently  filtering  into  a  750- 
ml.  Erlenmeyer.  The  solution  is  then  treated  with  aluminum, 
heated  until  both  the  aluminum  and  tin  have  dissolved,  cooled, 
and  titrated,  after  starch  has  been  added,  with  a  solution  of 
iodine  or  of  ferric  chloride,  using  in  the  latter  case  an  indicator 
of  potassium  iodide  and  cuprous  iodide.  During  the  entire  pro¬ 
cedure  the  air  in  the  Erlenmeyer  flask  is  replaced  by  carbon  di¬ 
oxide  gas.  The  ferric  chloride  solution  is  made  up  by  dissolving 
144  grams  of  FeCl3.6H20  or  86  grams  of  FeCfi  in  300  ml.  of  con¬ 
centrated  hydrochloric  acid  and  1000  ml.  of 
water.  The  solution  is  then  diluted  to  3000  ml. 

The  indicator  used  for  this  titration  is  prepared 
by  adding  50  grams  of  hydriodic  acid  (specific 
gravity  1.50)  to  100  grams  of  potassium  iodide 
and  25  grams  of  cuprous  iodide.  Next  50  ml.  of 
warm  water  are  added  and  the  solution  is  stirred 
until  the  cuprous  iodide  has  dissolved  and  then 
decanted  into  a  stock  bottle  containing  some 
copper  wire.  To  the  undissolved  potassium 
iodide  50  ml.  of  hydriodic  acid  and  50  ml.  of 
warm  water  are  added  and  after  all  has  dis¬ 
solved  this  is  added  to  the  main  solution.  Carbon 
dioxide  is  passed  in  until  the  solution  is  colorless. 


amount  of  tin,  into  nickel  crucibles  and  fuse  with  5  grams  of  so¬ 
dium  carbonate  and  10  grams  of  sodium  peroxide.  Acidify,  re¬ 
duce,  and  cool  along  the  lines  indicated  in  the  regular  iodine 
method,  described  above,  using  a  750-ml.  Erlenmeyer  flask. 

Weigh  in  0.8800-gram  portions  of  potassium  iodate  if  the 
sample  contains  75  to  78  per  cent  of  tin,  or  0.8500-gram  portions 
of  potassium  iodate  if  the  sample  contains  73  per  cent  of  tin,  add 
about  0.5  gram  of  sodium  bicarbonate  and  about  1  gram  of  po¬ 
tassium  iodide,  and  dissolve  in  75  ml.  of  cold  water.  (As  0.9 
gram  of  potassium  iodate  oxidizes  approximately  1.50  grams  of 
tin,  the  amount  of  potassium  iodate  weighed  in  as  directed  above 
is  sufficient  to  oxidize  approximately  96  to  97  per  cent  of  the  stan¬ 
nous  chloride  present.  0.6010  gram  of  KI03  o  1.0000  gram  of 
tin.) 

Remove  the  stopper  with  the  glass  tube  from  the  Erlenmeyer 
flask  containing  the  reduced  tin  solution  and  add  at  once  quanti¬ 
tatively  the  potassium  iodate  solution,  washing  the  beaker  with 
cold  water.  Add  starch  solution  and  titrate  immediately  with  a 
potassium  iodate  solution,  1  ml.  of  which  contains  0.0030  gram 
of  potassium  iodate. 

Prepare  the  potassium  iodate  solution  by  dissolving  3.0000 
grams  of  potassium  iodate  and  about  3  grams  of  sodium  bicar¬ 
bonate  in  cold  water.  Transfer  to  a  1000-ml.  volumetric  flask, 
fill  up  to  the  mark,  and  shake. 


Calculation 

Standard  Sample  Containing  75.93%  Sn 


N.  E.  I.  Tin  Concentrate 


KIO3  added,  gram 
Iodate  titrated,  ml. 


0.8800 

12.2 

12.3 


12.25  ml.  of  KIOs  o  36.75  mg.  of  KIOs 

0.8800  gram  of  KIO3 
0.03675  gram  of  KIOs 


0.91675  gram  of  KIO3 


0.8800 

11.0 

11.0 

10.95 

10.99  ml.  of  KIOs  o  32.97  mg.  of  KIOs 

0.8800  gram  of  KIOs 
0.03297  gram  of  KIOs 
0.91297  gram  of  KIOs 
0.91297 
0.91675 


Sample  contains  75.93  X 


=  75.62  %  Sn 


Potassium  Iodate  Method 

As  pointed  out  above,  the  chief  difficulty  in  obtaining 
satisfactory  tin  results  is  that  the  reduced  compound  is  ex¬ 
tremely  unstable  and  tends  to  reoxidize  in  contact  with  air. 

Because  of  this  instability  of  stannous  chloride,  most 
analysts  try  to  reduce  the  time  of  titration  (unless  special 
precautions,  such  as  eliminating  admission  of  air  by  passing 
carbon  dioxide  over  the  surface  of  the  solution,  are  employed 
during  the  titration)  by  running  the  assay  with  a  small 
portion  of  the  sample  (0.25  to  0.5  gram)  or  by  using  for  the 
titration  a  comparatively  strong  iodine  solution,  1  ml.  of 
which  titrates  10  mg.  of  tin. 

Both  procedures  will  meet  routine  requirements,  but 
are  not  adequate  if  extremely  accurate  results  are  expected. 
For,  if  the  assay  is  run  with  0.5  or  0.25  gram  of  the  sample, 
any  plus  or  minus  error  in  the  manipulation  will  be  doubled 
or  quadrupled  in  the  final  calculation.  On  the  other  hand, 
if  the  analysis  is  carried  out  with  1  gram  of  the  sample  and 
titration  is  performed  with  an  iodine  solution,  1  ml.  of  which 
oxidizes  10  mg.  of  tin,  in  order  to  obtain  extremely  accurate 
results  an  agreement  of  0.1  ml.  or  less  in  the  titration  must 
be  reached. 

A  method,  recently  worked  out  by  this  writer  and  described 
below,  successfully  obviates  the  difficulties  attending  the 
usual  procedures.  It  is  not  intended  for  routine  work,  as 
the  approximate  tin  content  of  the  sample  must  be  known 
or  first  be  determined  by  another  method.  However,  it 
gives  excellent  results  and  makes  it  possible  to  take  for  one 
tin  determination  2  grams  or  more  of  high-grade  cassiterite. 
The  procedure  was  originally  intended  and  may  be  highly 
recommended  for  determination  of  tin  in  pig  tin  and  tin¬ 
bearing  alloys  by  dissolving  2  to  5  grams  of  the  sample  in  hot 
concentrated  sulfuric  acid  and  proceeding  as  described  below. 

Procedure  (Example,  N.  E.  I.  tin  concentrate,  tin  ±  75 
per  cent).  Weigh  2-gram  portions  of  tin  concentrate,  and  2 
grams  of  a  standard  sample  containing  approximately  the  same 


Notes.  1.  If  a  standard  sample  is  not  at  hand,  stand¬ 
ardization  may  be  carried  out  by  fusing  1.5000  grams  of 
finely  cut  c.  p.  tin  foil  in  a  nickel  crucible  with  sodium  car¬ 
bonate  and  sodium  peroxide. 

2.  As  the  oxidation  value  of  the  potassium  iodate  dif¬ 
fers  only  very  slightly  from  its  theoretical  titer,  it  is  adequate 
for  routine  analysis  of  samples  of  approximately  known  tin 
content  to  establish  an  empirical  factor. 

3.  Instead  of  the  potassium  iodate  solution  a  weak 
(0.075  N )  iodine  solution  may  be  used  to  carry  out  the  end 
titration.  To  carry  out  the  standardization  of  this  iodine 
solution,  a  certain  measured  amount  of  this  solution  and  a 
certain  weight  of  potassium  iodate  (which  is  dissolved  in 
water  and  acidified  with  hydrochloric  acid,  and  to  which 
some  potassium  iodide  solution  is  added)  are  both  titrated 
with  an  approximately  0.1  N  sodium  thiosulfate  solution. 
Thus  the  strength  of  1  ml.  of  the  iodine  solution  and  also  the 
amount  which  was  required  to  carry  out  the  end  titration 
can  be  expressed  in  grams  of  potassium  iodate.  This  weight, 
in  turn,  is  added  to  the  weight  of  potassium  iodate  which 
originally  had  been  added  to  oxidize  the  bulk  of  the  stannous 
chloride. 

Determination  of  Copper,  Lead,  and  Antimony 

The  determination  of  copper  in  cassiterite  has  been  the 
cause  of  some  controversy  between  the  laboratories  involved, 
as  one  side  has  insisted  that  methods  based  on  acid  de¬ 
composition  of  the  sample,  although  rapid  and  easy  of  manipu¬ 
lation,  are  in  most  cases  insufficient  and  will  invariably 
produce  low  copper  results,  while  the  other  side  insists  that 
acid  decomposition  is  adequate. 

The  writer  supports  the  former  view  and  bases  this  opinion 
on  an  extensive  investigation  which  is  recorded  in  Table  II. 

In  2  series  of  tests  copper  was  thus  determined  in  a  large 
number  of  samples  both  by  the  two  regular  methods  (described 
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Table  II.  Reliability  of  Acid  Decomposition 


Copper  Found 

Copper  Found 

Copper  Found 

by  Acid  Decom¬ 

by  Sulfur  Soda 

by  Na202 

Type  of  Tin 

position 

Dupli- 

Fusion 

Dupli- 

Fusion 

Dupli- 

Concentrate 

Original 

cate 

Original 

cate 

Original 

cate 

% 

% 

% 

% 

% 

% 

High  grade 

0.57 

0.58 

0.69 

0.70 

0.71 

0.69 

0.18 

0.20 

0.36 

0.34 

0.37 

0.36 

0.08 

0.08 

0.08 

0.08 

0.09 

0.07 

0.43 

0.44 

0.57 

0.59 

0.60 

0.58 

Medium  grade 

0.72 

0.69 

0.91 

0.89 

0.90 

0.90 

0.35 

0.35 

0.40 

0.42 

0.43 

0.40 

1.19 

1.23 

1.44 

1.46 

1.45 

1.43 

0.68 

0.64 

0.71 

0.69 

0.68 

0.68 

Low  grade 

0.75 

0.76 

0.94 

0.95 

0.88 

0.90 

0.24 

0.27 

0.33 

0.33 

2.21 

2.18 

2.37 

2 !  38 

2.39 

2.40 

1.53 

1.48 

1.57 

1.60 

1.61 

1.61 

below)  and  by  decomposing  the  sample  with  aqua  regia  and 
sulfuric  acid.  The  results  definitely  show  that  acid  de¬ 
composition  is  not  sufficient  and  will  not  give  the  full  copper 
content.  However,  duplicate  results  obtained  by  this 
method  are  generally  in  good  agreement,  thus  misleading 
some  analysts  to  the  belief  that  they  are  reliable. 

Warmbrunn  (3)  arrived  at  a  similar  conclusion,  although 
the  material  that  he  analyzed  was  somewhat  different. 

Method  I.  This  method  is  applicable  to  all  grades  of 
cassiterite,  although  Method  II,  described  below,  has  ad¬ 
vantages  under  certain  defined  conditions. 

Procedure.  Weigh  1.0  gram  of  cassiterite  into  a  50-ml.  iron 
crucible,  mix  with  4  grams  of  sodium  carbonate,  cover  with  8 
grams  of  sodium  peroxide,  and  fuse  as  for  tin.  Transfer  the 
crucible,  when  cool,  to  a  400-ml.  beaker,  add  100  ml.  of  water, 
and  allow  the  melt  to  disintegrate.  Remove  the  crucible  and 
wash  with  hot  water.  Add  just  enough  hydrochloric  acid  to  give  a 
clear  solution,  but  disregard  undissolved  iron  scale.  Rinse  the 
crucible  with  dilute  hydrochloric  acid  and  add  to  main  solution. 
Pass  in  sulfur  dioxide  for  about  5  minutes  to  reduce  the  ferric 
chloride,  then  expel  excess  sulfur  dioxide  by  gentle  boiling.  Neu¬ 
tralize  the  warm  (but  not  hot)  solution  carefully  with  about  6  N 
ammonia  until  a  permanent  deep  green  precipitate  forms,  then 
add  6  N  hydrochloric  acid  drop  by  drop  until  the  precipitate  turns 
white,  and  finally  an  excess  of  6  ml.  of  the  same  acid.  Dilute  to 
250  ml.,  pass  in  hydrogen  sulfide  for  about  20  minutes,  dilute  to 
325  ml.,  and  continue  passing  in  hydrogen  sulfide  for  10  more 
minutes. 

Allow  the  precipitate  to  settle,  filter  on  12.5-cm.  No.  40  What¬ 
man  filter  paper,  and  wash  6  times  with  warm  1  per  cent  sulfuric 
acid  wash  solution  containing  hydrogen  sulfide.  Wash  the  pre¬ 
cipitate  back  into  the  original  beaker  and  place  the  latter  under 
a  funnel.  Pour  60  ml.  of  potassium  sulfide  solution  (prepared  by 
dissolving  75  grams  of  potassium  hydroxide  and  20  grams  of 
sodium  sulfate  in  500  ml.  of  water,  saturating  the  solution  with 
hydrogen  sulfide,  and  diluting  to  1000  ml.)  over  paper.  Warm  on 
a  hot  plate  until  the  soluble  portions  have  been  extracted.  Filter 
through  the  original  paper  into  a  500-ml.  Erlenmeyer  flask  and 
wash  with  warm  dilute  potassium  sulfide  solution.  Save  the 
filtrate  for  the  antimony  determination. 

Place  the  precipitate  and  paper  in  the  original  beaker  and  fume 
with  20  ml.  of  nitric  acid  and  8  ml.  of  sulfuric  acid,  adding,  if  nec¬ 
essary,  more  nitric  acid  to  destroy  all  carbonaceous  compounds. 
Finally  fume  strongly  to  expel  excess  nitric  acid.  Dilute  the  cool 
solution  with  75  ml.  of  water  and  heat  to  boiling.  Cool  the  solu¬ 
tion  for  2  hours  to  below  15°  C.,  filter  off  lead  sulfate  on  a  9-cm. 
No.  42  Whatman  filter  paper,  and  wash  5  times  with  cold  one 
per  cent  sulfuric  acid.  Save  filtrate  for  the  copper  determina¬ 
tion. 

Wash  the  lead  sulfate  back  into  the  original  beaker  and  place 
the  latter  under  the  funnel.  Pour  30  ml.  of  ammonium  acetate 
solution  (300  grams  of  the  salt  in  1000  ml.  of  solution)  over  paper. 
Warm  on  a  hot  plate  until  lead  sulfate  has  dissolved,  then  filter 
through  the  original  paper,  receiving  the  filtrate  in  a  250-ml. 
beaker  and  washing  with  hot  dilute  ammonium  acetate  solution. 
Add  5  ml.  of  12  N  hydrochloric  acid  and  heat  to  boiling.  (The 
addition  of  hydrochloric  acid  instead  of  acetic  acid  tends  to  pre¬ 
vent  the  precipitation  of  basic  lead  chromate  upon  the  addition 
of  ammonium  chromate.)  Add  to  the  boiling  solution  20  ml.  of 
20  per  cent  ammonium  chromate  solution  and  continue  with  the 
boiling  until  the  precipitate  has  turned  to  a  shade  of  orange. 
Filter  on  a  tared  Gooch  crucible,  dry  at  105°  C.,  and  weigh  as 
lead  chromate. 


To  the  filtrate  of  the  lead  sulfate  add  10  ml.  of  50  per  cent  tar¬ 
taric  acid  and  make  the  solution  slightly  ammoniacal,  then 
slightly  acid  with  hydrochloric  acid.  Add  20  ml.  of  strong  sulfur 
dioxide  water  and  2  ml.  of  10  per  cent  ammonium  thiocyanate 
solution.  Stir  the  solution  vigorously  to  accelerate  coagulation  of 
copper  thiocyanate,  filter  on  11-cm.  No.  42  Whatman  paper,  and 
wash  the  precipitate  once  with  cold  water.  Place  the  precipitate 
in  the  original  beaker  and  take  to  fumes  with  nitric  acid  and  5 
ml.  of  sulfuric  acid  until  all  the  carbonaceous  compounds  are  de¬ 
stroyed  and  heavy  fumes  of  sulfur  trioxide  escape.  Dilute  with 
300  ml.  of  water,  add  5  ml.  of  ammonia  and  3  ml.  of  nitric  acid, 
and  determine  the  copper  electrolytically. 

Acidify  the  potassium  sulfide  extract  containing  the  antimony 
with  75  ml.  of  9  N  sulfuric  acid,  warm  until  the  precipitate  has 
settled,  and  filter  on  12-cm.  No.  40  Whatman  paper,  washing  the 
precipitate  with  dilute  sulfuric  acid  containing  hydrogen  sulfide. 
Place  the  precipitate  and  paper  in  the  original  Erlenmeyer  flask. 
Take  to  fumes  with  1  gram  of  potassium  bisulfate,  3  grams  of 
ammonium  sulfate,  and  30  ml.  of  36  N  sulfuric  acid  by  heating, 
first  cautiously,  then  with  the  full  heat,  on  a  very  hot  plate  until 
all  carbon  is  destroyed. 

Add  to  the  cool  solution  75  ml.  of  strong  sulfur  dioxide  water 
and  100  ml.  of  12  N  hydrochloric  acid  and  boil  down  on  a  hot 
plate  to  85  ml.  to  expel  all  arsenic  as  trichloride.  Dilute  with 
250  ml.  of  water,  cool  to  below  15°  C.,  and  titrate  with  0.05  N 
potassium  permanganate  solution  which  has  been  standardized 
with  c.  p.  antimony. 

If  titration  with  potassium  bromate  is  preferred,  add  120  ml. 
instead  of  100  ml.  of  12  N  hydrochloric  acid,  boil  down  to  a  volume 
of  about  100  ml.,  add  100  ml.  of  hot  water,  and  titrate  with  0.02  N 
potassium  bromate  solution,  using  methyl  orange  as  indicator. 

Method  II.  This  method  is  very  rapid,  accurate,  and 
well  suited  for  the  determination  of  lead  and  copper  in  high- 
grade  cassiterite.  Considerable  difficulties  are,  however, 
encountered  when  applying  it  to  low-grade  concentrates 
high  in  iron,  and,  to  a  lesser  degree,  to  those  concentrates 
high  in  zinc.  This  is  due  to  the  tendency  of  iron  sulfide 
to  enter  into  soluble  complex  compounds  with  sodium 
sulfide,  while  the  filtration  of  zinc  sulfide  from  alkaline  solu¬ 
tion  is  difficult.  This  method  is  also  well  adapted  for  the 
determination  of  antimony  in  cassiterite  provided  that  the 
amount  of  the  latter  does  not  exceed  a  few  milligrams. 
With  a  higher  antimony  content  slightly  low  results  will 
be  obtained  with  this  procedure,  and  preference  should  be 
given  to  Method  I. 

Procedure.  Weigh  1  gram  of  cassiterite  into  a  150-ml.  tail-form 
porcelain  beaker,  mix  thoroughly  with  4  grams  of  sodium  car¬ 
bonate  and  5  grams  of  sulfur,  and  cover  with  3  grams  of  potas¬ 
sium  carbonate.  Heat  the  beaker  with  the  full  flame  of  a  Bunsen 
burner  until  the  charge  has  melted  down  quietly,  keeping  the 
beaker  covered  with  a  watch  glass.  Allow  the  melt  to  cool,  then 
add  3  grams  of  sodium  sulfite  and  120  ml.  of  water  and  heat  on  a 
hot  plate  to  effect  disintegration  of  the  melt  and  extraction  of  the 
soluble  portions.  Filter  on  11-cm.  No.  40  Whatman  filter  paper, 
receiving  the  filtrate  in  a  500-ml.  Erlenmeyer  flask  and  washing 
the  precipitate  with  warm  dilute  potassium  sulfide  solution.  Pro¬ 
ceed  with  the  antimony  determination  as  in  Method  I.  For  the 
determination  of  lead  and  copper,  place  the  precipitate  in  a  250- 
ml.  beaker,  and  clean  the  porcelain  beaker  with  a  little  nitric 


Table  III.  Accuracy  of  Methods  I  and  II 


Found  by 

Found  by 

Reputed  Pb, 

Cu, 

Type  of  Tin 

Method 

I 

Method 

II 

Sb  Content 

Concentrate 

Pb 

Cu 

Sb 

Pb 

Cu 

Sb 

Pb 

Cu 

Sb 

% 

c 

Vo 

% 

% 

% 

% 

% 

% 

% 

High  grade 

0 

.41 

0. 

.17 

0 

.42 

0 

.44 

0 

.19 

0 

40 

0 

.40 

0 

.15“ 

0.38 

1. 

.  14 

0. 

52 

0. 

.78 

1 

.17 

0 

.51 

0 

.73 

1 

.18 

0 

.40“ 

0.73 

0. 

.02 

0. 

,17 

0. 

.18 

0 

.05 

0 

.17 

0. 

.20 

0 

.06 

0 

.  15“ 

0.19 

0. 

.14 

0. 

.08 

0. 

.09 

0. 

.14 

0 

.09 

0. 

,12 

0 

.10 

0. 

,09a 

0.10 

Medium  grade 

0 

.09 

0 

.32 

0 

.18 

0 

.12 

0 

.29 

0 

.15 

0 

.12 

0 

.23° 

0.14 

1. 

.38 

0. 

.07 

0 

.65 

1 

.36 

0 

.09 

0 

.62 

1 

.32 

0 

.08“ 

0.61 

0 

14 

0. 

.87 

0 

.64 

0 

.15 

0 

.88 

0 

.61 

0 

.15 

0 

.66“ 

0.60 

0 

.23 

0. 

.45 

0 

.02 

0 

.20 

0 

.49 

0 

.00 

0 

.25 

0 

.36“ 

0.00 

Low  grade 

0 

.75 

2. 

,11 

0 

.34 

0 

.73 

2 

.15 

0. 

.29 

0 

.77 

1, 

.98“ 

0.36 

0. 

.92 

0. 

.96 

3 

.48 

0 

.93 

0 

.99 

3 

.38 

0 

.97 

0 

.86“ 

3.43 

0 

.68 

0, 

,36 

0. 

.63 

0 

.64 

0 

.40 

0. 

.59 

0 

.71 

0 

.30“ 

0.59 

«  Copper  determined  by  acid  decomposition. 
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acid  which  is  then  added  to  the  250-ml.  Leaker.  Add  20  ml.  of 
16  N  nitric  acid  and  8  ml.  of  36  N  sulfuric  acid,  and  proceed  as  in 
Method  I. 

Some  results  of  actual  copper,  lead,  and  antimony  de¬ 
terminations  are  given  in  Table  III. 

Determination  of  Arsenic 

Weigh  1.0  gram  of  cassiterite  into  a  250-ml.  beaker,  add  20  ml. 
of  16  N  nitric  acid  and  15  ml.  of  36  N  sulfuric  acid,  and  evaporate 
slowly  on  a  hot  plate  to  strong  fumes  of  sulfur  trioxide.  When 
cool,  add  15  ml.  of  strong  sulfur  dioxide  water  and  take  again  to 
fumes,  repeating  the  evaporation  once  more  with  10  ml.  of  dis¬ 
tilled  water. 

Transfer  the  solution  to  a  distilling  flask,  using  the  least  amount 
of  water  possible.  Add  45  ml.  of  hydrazine  sulfate  solution  (10 
grams  of  hydrazine  sulfate  and  20  grams  of  potassium  bromide  in 
1000  ml.  of  solution)  and  70  ml.  of  concentrated  hydrochloric 
acid.  Immerse  the  outlet  of  the  condenser  beneath  the  surface 
of  250  ml.  of  cold  water  in  a  600  ml.  beaker.  Distill  until  the  vol¬ 
ume  in  the  flask  has  been  reduced  to  75  ml.,  then  add  40  ml.  more 
of  hydrochloric  acid  and  distill  again  to  75  ml. 

Remove  the  beaker  from  under  the  condenser,  washing  the  lat¬ 
ter  with  distilled  water  and  allowing  washings  to  ran  into  the 
distillate.  .Make  the  solution  alkaline  with  ammonia,  using 
methyl  orange  as  indicator,  then  just  acid  with  hydrochloric 
acid.  Cool  to  below  15°  C.,  add  8  grams  of  sodium  bicarbonate, 
and  titrate  with  0.03  N  iodine  solution,  using  starch  as  indicator. 

Standardize  the  iodine  solution  by  dissolving  a  weighed  amount 
of  arsenic  trioxide  in  a  little  sodium  hydroxide  (0.5  to  1  gram) 
and  10  ml.  of  water,  dilute  to  250  ml.,  add  100  ml.  of  concentrated 
hydrochloric  acid,  neutralize  with  ammonia,  acidify  with  hydro¬ 
chloric  acid,  cool,  and  proceed  with  the  titration  as  for  the 
sample. 


Table  IV. 

Application  Range 

of  Two  Zinc  Methods 

Reputed 

Zinc  Found  by 

Zinc  Found  by 

Type  of  Tin 

Zinc 

Method  I 

Method  II 

Concentrate 

Content 

Original 

Duplicate 

Original 

Duplica 

% 

% 

% 

% 

% 

High  grade 

0.10 

0.12 

0.09 

0.13 

0.70 

0.70 

0.73 

0.70 

2 '.  47 

2.49 

2.45 

2.44 

2.47 

Medium  grade 

1.12 

1.12 

1.09 

1.10 

1.08 

4.73 

4.76 

4.78 

4.73 

4.75 

2.47 

2.40 

2.45 

2.50 

2.46 

Low  grade 

0.99 

0.99 

0.98 

0.99 

0.96 

12.89 

12.81 

12.78 

12.91 

12.88 

16.64 

16.52 

16.50 

16.62 

16.64 

23.98 

23.88 

23.88 

24.00 

23.96 

Determination  of  Zinc 

In  contrast  to  copper  which  is  found  chemically  combined 
with  cassiterite  and  other  tin  ores  (stannite!),  zinc  seems 
not  to  have  entered  into  such  combinations,  but  merely 
accompanies  the  other  impurities  of  tin  concentrates.  Hence, 
there  have  been  very  few  instances  where  the  writer  in 
determining  zinc  in  tin  concentrates  has  had  cause  to  dis¬ 
trust  results  obtained  by  Method  I  which  is  based  on  acid 
decomposition.  This  procedure,  which  is  very  rapid  and 
accurate,  can  be  used  as  long  as  the  amount  of  zinc  does 
not  materially  exceed  10  per  cent.  Method  II  should  be 
preferred  for  tin  ores  of  poor  quality  which  occasionally 
contain  up  to  25  per  cent  of  zinc,  although  this  method  is 
more  lengthy  and  not  so  easy  of  manipulation  as  Method  I. 
Preference  should  also  be  given  to  Method  II  whenever 
doubts  arise  as  to  whether  or  not  acid  decomposition  is 
sufficient.  Results  which  indicate  the  range  of  application 
of  both  methods  are  given  in  Table  IY. 

Method  I.  Weigh  2.0  grams  of  cassiterite  into  a  250-ml. 
beaker,  add  25  ml.  of  16  N  nitric  acid  and  15  ml.  of  sulfuric  acid, 
and  evaporate  on  hot  plate  until  heavy  fumes  of  sulfur  trioxide 
escape.  Take  up  the  cold  solution  with  100  ml.  of  water,  add  3 
grams  of  ammonium  sulfate,  and  heat  to  boiling.  Pass  in  hydro¬ 
gen  sulfide  for  about  5  minutes  to  precipitate  arsenic,  copper,  an¬ 
timony,  bismuth,  etc.,  and  the  small  amounts  of  tin  which  have 
been  brought  into  solution.  (If  the  sulfide  precipitate  is  large, 


Table  V.  Determination  of  Zinc 


Zinc  Found  as  Zinc 
Oxide 

% 

0.38 

0.64 

0.80 

1.29 

3.77 

5.12 

8.83 

13.01 

18.38 

24.27 


Zinc  Found  Elec- 
trolytically 

% 

0.34 

0.59 

0.76 

1.22 

3.66 

5.02 

8.72 


Zinc  Found  by 
Titration 

% 


0.73 

1.20 

3.70 

5.00 

8.74 

12.89 

18.24 

24.14 


indicating  that  the  sample  consists  largely  of  stannite  or  other 
tin  sulfides,  it  is  advisable  to  discard  this  procedure  and  start 
another  portion  of  the  sample  using  Method  II.)  Filter  on  9-cm. 
No.  2  Whatman  filter  paper  and  wash  the  precipitate  5  times  with 
warm  3  per  cent  sulfuric  acid  containing  hydrogen  sulfide.  Re¬ 
ceive  the  filtrate  in  a  400-ml.  beaker,  heat  to  boiling  to  expel  hy¬ 
drogen  sulfide,  then  oxidize  the  solution  with  hydrogen  peroxide. 
Add  12  N  ammonia  until  the  solution  is  strongly  alkaline.  Heat  to 
boiling,  filter  off  ferric  hydroxide  on  12-cm.  No.  2  Whatman 
filter  paper,  receiving  the  filtrate  in  a  600-ml.  beaker,  and  wash  4 
times  with  hot  water.  Wash  the  precipitate  back  into  the  orig¬ 
inal  beaker  and  redissolve  iron  hydroxide  in  a  little  sulfuric  acid 
and  hydrogen  peroxide.  Repeat  the  ammonia  separation,  filter 
through  the  original  paper  into  the  original  filtrate,  and  wash  the 
precipitate  4  times  with  hot  water.  Discard  the  precipitate. 

Evaporate  the  filtrate  to  approximately  250  ml.,  cool  to  below 
20°  C.,  add  3  drops  of  methyl  orange,  then  9  N  sulfuric  acid,  drop 
by  drop,  until  the  yellow  color  just  turns  red,  then  add  2  drops  of 
the  same  acid  in  excess.  Pass  in  hydrogen  sulfide  for  half  an 
hour,  allow  zinc  sulfide  to  settle,  filter  on  1 1-cm.,  No.  42  Whatman 
paper,  and  wash  the  precipitate  3  times  with  warm  water.  Ig¬ 
nite  zinc  sulfide  and  paper  in  a  clay  or  porcelain  crucible,  first  at 
a  low  heat,  then  with  the  full  flame  of  a  Bunsen  burner,  and  for  5 
minutes  with  a  blast  lamp,  raising  the  heat  to  approximately 
900°  C.  Cool  in  a  desiccator  and  weigh  as  zinc  oxide. 

The  results  are  usually  slightly  high,  owing  to  incomplete 
oxidation  of  the  sulfide.  Hence  it  is  advisable  to  verify 
the  results  by  one  of  the  two  following  procedures: 

Procedure  for  Less  Than  100  Mg.  of  Zinc.  This  procedure  is 
based  on  the  electrolytic  deposition  of  zinc  from  sodium  hy¬ 
droxide  solution,  a  method  that  is  not  particularly  in  vogue  in 
this  country,  even  though  extremely  accurate,  if  properly  exe¬ 
cuted. 

Transfer  the  zinc  oxide  to  a  250-ml.  beaker,  add  15  ml.  of  18  N 
sulfuric  acid,  and  evaporate  to  fumes  of  sulfuric  acid.  Take  the 
solution  up  with  100  ml.  of  water  and  add  solid  sodium  hydroxide 
until  just  alkaline,  then  about  4  grams  in  excess.  Filter  off,  if 
necessary,  any  iron  hydroxide,  cadmium  hydroxide,  or  sulfur 
present,  through  a  small  paper  into  a  250-ml.  electrolytic  beaker 
and  wash  the  paper  with  hot  water  containing  some  sodium  hy¬ 
droxide.  Dilute  to  approximately  250  ml.  and  electrolyze  the 
zinc  from  this  solution  with  2  volts  and  0.5  ampere  on  a  platinum 
cathode  which  has  previously  been  coated  with  not  more  than  20 
mg.  of  copper. 

Titration  with  Potassium  Ferrocyanide.  Transfer  the  zinc 
oxide  to  600-ml.  beaker  and  dissolve  in  15  ml.  of  6  N  hydro¬ 
chloric  acid.  Add  5  grams  of  ammonium  chloride  and  dilute  to 
250  ml.  Pass  in  hydrogen  sulfide  for  2  minutes,  heat  the  solution 
to  boiling,  and  titrate  with  a  weak  solution  of  potassium  ferro¬ 
cyanide  (9  grams  of  K4Fe(CN)6  in  1000  ml.  of  solution),  using 
uranyl  acetate  as  an  external  indicator.  Standardize  with  c.  p. 
zinc. 

Results  obtained  by  these  two  procedures  are  usually 
in  good  agreement,  although  slightly  lower  than  those 
calculated  from  the  weight  of  the  zinc  oxide  (Table  V). 

Method  II.  Method  II  is  more  time-consuming  and 
its  execution  more  exacting  than  Method  I.  Its  application 
should  therefore  be  confined  to  tin  ores  high  in  zinc  or  con¬ 
taining  acid-insoluble  zinc. 

Procedure.  Fuse  1.0  gram  of  cassiterite  in  a  nickel  crucible,  as 
for  tin.  Place  the  cool  crucible  in  a  400-ml.  beaker  and  add  100 
ml.  of  water  and  60  ml.  of  concentrated  hydrochloric  acid.  Re¬ 
move  the  crucible  and  rinse  with  dilute  hydrochloric  acid.  Heat 
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the  solution  to  boiling  to  expel  chlorine,  then  adjust  the  acidity 
to  25  ml.  of  hydrochloric  acid  in  250  ml.  of  solution.  Pass  in 
hydrogen  sulfide  for  15  minutes,  dilute  to  350  ml.,  and  continue 
passing  in  hydrogen  sulfide  for  10  more  minutes. 

Allow  the  precipitate  to  settle,  filter  on  11-cm.,  No.  40  What¬ 
man  filter  paper,  receiving  the  filtrate  in  a  600-ml.  beaker,  and 
wash  5  times  with  warm  3  per  cent  sulfuric  acid  containing  hydro¬ 
gen  sulfide.  Wash  the  precipitate  back  into  the  original  beaker, 
add  10  ml.  of  hydrochloric  acid  and  3  grams  of  potassium  chlo¬ 
rate,  and  heat  on  a  hot  plate  until  the  sulfides  have  dissolved  and 
chlorine  has  been  expelled.  Dilute  to  100  ml.,  pass  in  hydrogen 
sulfide  for  15  minutes,  dilute  to  150  ml.,  and  continue  passing  hy¬ 
drogen  sulfide  for  15  more  minutes.  Let  the  precipitate  settle 
and  filter  through  the  original  paper  into  the  original  filtrate 
containing  the  bulk  of  the  zinc.  Wash  the  precipitate  4  times 
with  3  per  cent  sulfuric  containing  hydrogen  sulfide.  Discard  the 
precipitate. 

Heat  the  filtrate  to  boiling  to  expel  hydrogen  sulfide,  then 
oxidize  with  hydrogen  peroxide  and  proceed  as  in  Method  I. 

Note.  If  the  final  zinc  sulfide  precipitate  appears  discolored, 
indicating  that  some  nickel  sulfide  had  been  coprecipitated,  dis¬ 
solve  the  zinc  sulfide  in  hot  dilute  hydrochloric  acid,  add  2  ml.  of 
36  N  sulfuric  acid,  and  evaporate  to  fumes  of  sulfur  trioxide.  T ake 
the  solution  up  with  200  ml.  of  water  and  render  it  just  alkaline 
with  ammonia,  using  methyl  orange  as  indicator.  Then  render  it 
acid  with  9  N  sulfuric  acid,  adding  an  excess  of  2  drops  of  the  lat¬ 
ter.  Pass  in  hydrogen  sulfide  for  half  an  hour  and  proceed  as  in 
Method  I. 


Table  VI.  Influence  of  Tin 

Expected  Weight  of 

Actual  Weight  of 

Tin  Present 

BaSC>4 

BaSO* 

Gram 

Grams 

Grams 

0.24 

0.3284 

0.3254 

0.37 

0.2917 

0.2911 

0.26 

0.7426 

0 . 7405 

0.26 

1 . 6893 

1.6878 

0.55 

0.3645 

0.3629 

Determination  of  Sulfur 

Good  sulfur  results  are  frequently  the  product  of  a  number 
of  compensating  plus  and  minus  errors.  For  instance,  many 
analysts  (6,  13),  find  that  the  plus  error  due  to  coprecipi¬ 
tation  of  barium  chloride  and  the  minus  error  caused  by 
the  solubility  of  barium  sulfate  in  water  generally  balance 
each  other,  if  some  precautions  are  observed.  Mellon  (12) 
speaks  of  entrainment  of  barium  chloride  as  a  minus  error 
when  precipitating  barium  sulfate  by  adding  sulfuric  acid 
to  a  solution  containing  barium  chloride. 

There  are,  however,  a  number  of  other  factors  which  may 
largely  influence  the  determination  of  sulfur  in  tin  ores, 
necessitating  more  or  less  tedious  purification  or  correction 
procedures.  Some  of  the  more  important  factors  causing 
low  sulfur  results  are : 

1.  Precipitation  of  barium  sulfate  in  the  presence  of  sodium, 
potassium,  and  ammonium  chloride  causes  coprecipitation  of 
sodium,  potassium,  and  ammonium  sulfate,  instead  of  barium 
sulfate;  these  are  of  lower  molecular  weight,  hence  producing 
low  sulfur  results.  In  the  presence  of  ammonium  chloride  this 
minus  error  is  greater,  because  of  the  volatility  of  ammonium 
sulfate. 

2.  Precipitation  of  barium  sulfate  in  the  presence  of  the  same 
salts  also  causes  coprecipitation  of  bisulfates  of  sodium,  potas¬ 
sium,  and  ammonium,  of  lower  molecular  weight  than  barium 
sulfate,  and  decomposition  at  high  temperatures,  changing  first 
into  the  pyrosulfates  and  then  into  the  normal  sulfates.  In  the 
case  of  ammonium  chloride  this  minus  error  is  greatest  because 
of  the  volatility  of  all  ammonium  sulfate  salts. 

2NaHSO<  -*  Na2S207  +  H20 
NasSs07  — *■  Na^Ch  +  SO3 

3.  Precipitation  of  barium  sulfate  in  the  presence  of  ferric 
salts  causes  coprecipitation  of  ferric  sulfate,  of  lower  molecular 
weight  than  barium  sulfate,  and  decomposition  into  ferric  oxide 
and  sulfur  at  480°  C. 

4.  Precipitation  of  barium  sulfate  in  the  presence  of  nitrates 
causes  entrainment  of  barium  nitrate  by  the  barium  sulfate,  pro¬ 


ducing  high  sulfur  results.  This  tendency  is  lessened,  eliminated, 
or  even  reversed  in  the  presence  of  alkali  or  ammonium  salts, 
because  of  their  tendency  to  produce  low  sulfur  results. 

5.  Precipitation  of  barium  sulfate  in  the  presence  of  even  large 
amounts  of  tin  will  produce  satisfactory  sulfur  results  (Table 
VI). 

With  the  above  cited  defects  and  sources  of  error  in  mind, 
let  us  consider  the  pros  and  cons  of  those  procedures  that 
seem  to  have  possibilities  for  the  determination  of  sulfur 
in  tin  ores  and  concentrates. 

Method  I.  Fusion  with  Sodium*  Peroxide.  Fusion  of 
tin  ores  requiring  sodium  peroxide  as  flux  eliminates  the  use 
of  platinum  crucibles  and  necessitates  the  employment  of 
nickel  crucibles,  thus  introducing  large  amounts  of  nickel 
salts,  which  are  without  any  influence  upon  the  precipitation 
of  barium  sulfate. 

Procedure.  Weigh  1.0  gram  of  tin  concentrate  into  a  nickel 
crucible  and  fuse  as  for  tin.  When  the  fusion  is  cool,  place  the 
crucible  in  a  600-ml.  beaker,  add  75  ml.  of  water,  and  allow  the 
melt  to  disintegrate.  Add  70  ml.  of  hydrochloric  acid  and  agitate 
until  all  is  in  solution.  Remove  the  crucible  and  wash  it  with 
dilute  hydrochloric  acid.  Evaporate  the  solution  to  dryness  on  a 
water  bath  or  hot  plate  and  dehydrate  the  silica  by  heating  the 
residue  for  half  an  hour  at  about  105°  C.  Add  5  ml.  of  concen¬ 
trated  hydrochloric  acid  and  200  ml.  of  water,  heat  to  boiling, 
filter  on  11  cm.  No.  42  Whatman  filter  paper,  receiving  the  filtrate 
in  a  600-ml.  beaker,  and  wash  with  hot  water.  (Hold  the  pre¬ 
cipitate  for  possible  test  for  barium  sulfate.) 

Dilute  the  solution  to  500  ml.,  heat  to  boiling,  then  add  slowly 
with  the  help  of  a  pipet  or  a  precipitating  cup  (8)  enough  10  per 
cent  barium  chloride  solution  to  precipitate  the  sulfate  ion  and 
provide  an  excess  of  about  5  ml.  Allow  barium  sulfate  to  settle 
overnight  and  filter  on  11-cm.  No.  42  filter  paper.  Wash  the 
precipitate  3  times  by  decantation  with  hot  water,  transfer  it  to 
the  paper,  and  continue  the  washing  until  the  test  for  chloride  ion 
fails.  Dry  the  wet  paper  in  a  clay  or  porcelain  crucible  and  ignite 
carefully  in  a  good  oxidizing  atmosphere,  finally  raising  the  heat 
to  about  900°  C.  Cool  in  a  desiccator  and  weigh  as  barium  sul¬ 
fate. 

In  order  to  demonstrate  the  application  range  of  this 
method  and  its  remarkable  merits,  unfortunately  restricted, 
however,  to  certain  types  of  samples,  it  has  been  applied  in  the 
analysis  of  a  large  number  of  tin  ores  of  reputed  sulfur  content. 
Minus  errors  due  to  coprecipitation  of  sodium  sulfate  and 
sodium  bisulfate  (7),  ferric  sulfate  and  tin  sulfate  were 
accurately  determined  (Table  VII) . 


Table  VII.  Accuracy  op  Method  I,  Based  on  Fusion 


Reputed 

Sulfur 

Sulfur 
Found,  Un- 

Sulfur 

Found, 

Na- 

Fe2- 

Sn- 

Content 

corrected 

Corrected 

Na2S04 

HS04 

(S04)3 

(804)2 

% 

% 

% 

+  % 

+  % 

+  % 

+  % 

2.11 

2.08 

2.13 

0.02 

0.01 

0.01 

0.01 

2.87 

2.83 

2.89 

0.02 

0.02 

0.02 

3.46 

3.39 

3.46 

0.02 

0.02 

0.02 

0.61 

4.55 

4.47 

4.57 

0.03 

0.02 

0.04 

0.01 

7.68 

7.56 

7.67 

0.03 

0.02 

0.04 

0.02 

10.24 

10.10 

10.26 

0.05 

0.04 

0.04 

0.03 

13.72 

10.55 

10.74 

0.06 

0.06 

0.04 

0.03 

18.93 

18.66 

18.95 

0.11 

0.10 

0.05 

0.03 

23.37 

23.02 

23.38 

0.16 

0.13 

0.04 

0.03 

The  data  in  Table  VII  clearly  indicate  that  Method  I, 
although  subject  to  many  sources  of  error,  gives  excellent 
results  as  long  as  the  sulfur  content  does  not  exceed  a  certain 
percentage  (5  to  8  per  cent).  As  the  uncorrected  sulfur 
figures  of  samples  in  this  category  deviate  only  slightly  from 
the  true  sulfur  content,  and  the  split  agreed  upon  by  the 
Metals  Reserve  Company  and  the  Bolivian  tin  processors, 
is  0.25  per  cent,  it  would  represent  a  major  waste  of  time  to 
execute  the  corrections  mentioned  above  for  every  sulfur 
determination. 

On  the  other  hand  it  is  apparent  that  with  increasing 
amounts  of  sulfur  the  reliability  of  this  method  undergoes 
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Table  VIII.  Accuracy  of  Method  II 


Sulfur  Found, 

Sulfur  Found, 

Sulfur  Found  in 

Method  I  (Corrected) 

Method  II 

Residue  of  Method  II 

% 

% 

% 

2.13 

2.02 

0.09 

2.89 

2.73 

0.11 

3.46 

3.28 

0.15 

4.57 

4.39 

0.14 

7.67 

7.49 

0.15 

10.26 

10.02 

0.18 

13.74 

13.50 

0.18 

18.65 

18.39 

0.20 

23.38 

23.12 

0.22 

a  marked  decline.  For  tin  ores  containing  as  much  as 
25  per  cent  of  sulfur,  there  is  scarcely  any  certainty  that  results 
obtained  by  this  method  represent  the  true  sulfur  content, 
even  if  all  plus  and  minus  errors  have  been  corrected.  One 
source  of  a  minus  error,  coprecipitation  of  ferric  sulfate, 
could  be  eliminated  by  prior  reduction  of  the  ferric  to  the 
ferrous  ion  with  aluminum,  zinc,  or  iron,  since  ferrous  sulfate 
is  not  coprecipitated  with  barium  sulfate.  As  this  procedure 
would  eliminate  only  one  source  of  error  and  still  would 
necessitate  corrections  of  the  remaining  discrepancies,  it 
seems  safer,  more  accurate,  and  more  economical  to  have 
recourse  to  a  correction  procedure,  similar  to  that  proposed 
by  Hillebrand  and  Lundell  (<§)'.  A  correction  graph  is 
prepared,  based  on  the  analysis  of  a  great  number  of  tin 
ores  of  known  sulfur  content,  covering  the  whole  range  of 
the  regular  samples,  by  preparing  the  solution  containing 
the  sulfate  ion  and  precipitating  the  barium  sulfate  under 
exactly  the  same  conditions  and  in  the  presence  of  the  same 
impurities  as  in  the  regular  routine  samples. 

Method  II.  Sulfur  Determination  Based  on  Acid 
Decomposition.  A  survey  of  the  methods  for  the  determi¬ 
nation  of  sulfur,  in  use  at  the  present  time  in  various  labora¬ 
tories  engaged  in  the  analysis  of  tin  ores  and  concentrates, 
disclosed  that  the  majority  of  chemists  prefer  methods 
based  on  acid  decomposition  of  the  sample,  frankly  admitting, 
however,  various  discrepancies  and  uncertainties  encountered 
in  the  execution  of  all  such  procedures.  Procedures  based 
on  acid  decomposition  more  or  less  follow  the  line  of  opera¬ 
tion  used  for  pyrite  samples  ( 1 ,  17). 

Procedure.  Treat  1  gram  of  the  sample  either  with  a  mixture  of 
bromine  and  carbon  tetrachloride  follow'ed  by  nitric  and  hydro¬ 
chloric  acids  (1),  or  with  a  mixture  of  3  parts  of  nitric  acid  and  1 
part  of  hydrochloric  acid  containing  a  little  bromine  (17).  Sub¬ 
sequently  evaporate  the  solution  on  the  water  bath  to  dryness, 
add  hydrochloric  acid,  and  repeat  the  evaporation.  Dehydrate 
silica  by  heating  at  approximately  100°  C.,  take  up  the  dried  mass 
in  5  ml.  of  concentrated  hydrochloric  acid,  and  warm  until 
solution  of  the  soluble  parts  is  complete,  then  treat  with  aluminum 
or  zinc  until  colorless,  filter,  and  wash  the  precipitate  with  hot 
water.  Dilute  the  solution  to  about  500  ml.,  heat  to  boiling,  and 
precipitate  barium  sulfate  as  usual. 

In  order  to  determine  the  accuracy  and  application  range 
of  this  method,  it  was  applied  by  the  writer  to  the  determi¬ 
nation  of  sulfur  in  a  great  number  of  tin  ores  of  known  sulfur 
content;  it  became  apparent  that  these  methods  in  their 
original  form  are  incompatible  with  accuracy,  mostly  because 
of  incomplete  decomposition  of  the  sample  and  failure  to 
recover  the  sulfur  in  the  undecomposed  residue  (Table  VIII). 

Methods  for  the  determination  of  sulfur  in  pyrites  and 
other  sulfides,  based  on  acid  decomposition  of  the  sample, 
usually  result  in  complete  decomposition  of  the  sample, 
leaving  very  little,  if  any,  undecomposed  residue.  But  this 
is  different  in  the  case  of  most  tin  ores,  and  particularly 
with  cassiterite.  The  preponderance  of  stannic  oxide 
causes  partial  envelopment  of  the  sulfide  particles,  with 
incomplete  decomposition  of  the  sample,  and  thus  very  often 
produces  irregular,  erratic,  and  always  low  sulfur  results; 


hence  it  is  imperative  to  determine  sulfur  also  in  the  residue 
from  acid  decomposition.  This,  however,  involves  lengthy 
procedures.  As  ignition  of  the  filter  paper  containing  the 
undecomposed  residue  would  cause  certain  loss  of  the  sulfide 
sulfur,  one  of  the  two  following  procedures  may  be  used: 

1.  Wash  the  residue  into  a  nickel  crucible,  evaporate  to  dry¬ 
ness  on  a  water  bath,  mix  with  sodium  carbonate  and  sodium  per¬ 
oxide,  and  proceed  as  in  Method  I,  which  is  based  on  immediate 
fusion  of  the  sample. 

2.  Dry  the  paper  and  residue  for  3  hours  in  an  electric  oven  at 
approximately  70°  C.,  brush  the  residue  into  a  nickel  crucible, 
and  proceed  as  in  Method  I. 

Method  III.  The  writer  recently  succeeded  after  many 
fruitless  attempts  and  with  the  defects  of  the  above  methods 
in  mind,  in  developing  a  method,  also  based  on  acid  de¬ 
composition,  which  is  easy  of  manipulation  and  gives  good 
results  (Table  IX). 

It  is  based  on  the  strong  oxidizing  power  of  70  per  cent 
perchloric  acid  at  its  comparatively  high  boiling  point  of 
approximately  200°  C.  Preliminary  treatment  of  the  sample 
prior  to  the  addition  of  perchloric  acid  consists  in  oxidizing 
the  bulk  of  the  sulfide  sulfur  to  the  sulfate  ion  by  a  mixture 
of  bromine  and  acetic  acid,  followed  by  nitric  and  hydro¬ 
chloric  acids.  The  excess  of  the  acids  is  expelled  by  per¬ 
chloric  acid,  which  in  its  turn  readily  attacks  the  residue, 
oxidizing  any  remaining  sulfur  to  the  sulfate  ion.  To  pre¬ 
vent  a  loss  of  sulfuric  acid  during  this  evaporation,  a  little 
calcium  nitrate  is  added  (5) . 

The  new  procedure  has  been  applied  to  all  types  of  tin 
concentrates,  regardless  of  their  sulfur  content,  and  is  very 
rapid,  as  it  does  not  involve  corrections  of  plus  and  minus 
errors  or  the  preparation  of  a  correction  graph  as  in  Method 
I  or  the  lengthy  treatment  of  the  residue  as  in  Method  II. 

Procedure.  Weigh  1.0  gram  of  tin  ore  into  a  250-ml.  beaker, 
add  10  ml.  of  a  mixture  of  3  parts  of  acetic  acid  and  1  part  of 
bromine  (each  100  ml.  of  which  contain  10  grams  of  calcium  ni¬ 
trate  or  an  equivalent  amount  of  zinc  nitrate),  and  add  3  ml.  of 
bromine.  Allow  to  stand  at  room  temperature  for  about  15 
minutes,  then  add  8  ml.  of  nitric  acid  and  8  ml.  of  hydrochloric 
acid  and  warm  gently  until  action  ceases.  Add  15  ml.  of  per¬ 
chloric  acid  and  evaporate  slowly  on  a  hot  plate  to  fumes  of 
perchloric  acid,  then  heat  strongly  for  about  3  minutes.  Allow 
the  solution  to  cool,  add  120  ml.  of  water,  and  10  ml.  of  con¬ 
centrated  hydrochloric  acid,  and  heat  to  boiling.  Reduce  with 
zinc  or  aluminum  until  the  solution  is  colorless.  Filter  on  11-cm. 
No.  42  Whatman  filter  paper  into  a  600-ml.  beaker  and  wash  with 
hot  water.  Dilute  the  filtrate  to  about  500  ml.,  heat  to  boiling, 
and  add  10  per  cent  barium  chloride  solution  with  the  help  of  a 
pipet  or  a  precipitating  cup.  Determine  and  weigh  as  barium 
sulfate. 


Table  IX.  Accuracy  of  Method  III 

Sulfur  Found,  Method  Sulfur  Found,  Method  III 


I  (Corrected  Results) 

Original 

Duplicate 

% 

% 

% 

2.13 

2.10 

2.14 

3.46 

3.47 

3.44 

10.26 

10.22 

10.23 

23.37 

23.40 

23.42 

Determination  of  Bismuth 

Bolivian  tin  concentrates  generally  are  low  in  bismuth, 
most  of  them  containing  less  than  0.03  per  cent.  In  some 
instances,  however,  bismuth  was  found  to  be  as  high  as  0.5 
per  cent. 

The  dissolving  of  samples  with  such  small  amounts  of 
bismuth  is  rather  a  difficult  task,  as  acid  decomposition  is 
insufficient,  fusion  with  a  mixture  of  sodium  carbonate  and 
sulfur  causes  great  losses  of  bismuth,  and  fusion  with  sodium 
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peroxide  in  an  iron  or  nickel  crucible  is  confined  to  the  opening 
of  small  portions  of  cassiterite.  The  following  procedure 
enables  the  handling  of  5  to  10  grams  of  tin  concentrate  by 
collecting  the  bismuth  by  lead  in  a  furnace  fusion,  while 
tin  and  the  remaining  impurities  pass  into  the  slag. 

Procedure.  Weigh  5  grams  of  high-grade  concentrates  or  10 
grams  of  medium-  or  low-grade  concentrates  into  30-gram  clay 
crucibles,  containing  75  grams  of  flux  No.  1  (No.  1  flux  consists  of: 
litharge  15,000,  pearl  ash  1000,  soda  ash  2500,  borax  glass  1500, 
silica  500,  flour  500),  mix  thoroughly,  and  add  75  grams  of  flux 
No.  2  (No.  2  flux  consists  of:  litharge  10,000,  pearl  ash  3000, 
soda  ash  2000,  borax  glass  5400,  silica  2000,  argols  800),  cover 
with  borax  glass,  and  fuse  in  a  muffle  furnace.  When  fusion  is 
complete,  remove  from  the  furnace  and  pour  into  an  iron  mold. 
When  cool,  clean  the  lead  button  by  hammering,  add  enough  test 
lead  to  give  65  grams  (combine  at  this  point  two  or  more  lead 
buttons  if  the  sample  is  extremely  low  in  bismuth),  place  in  7.5- 
cm.  (3-inch)  scorifiers,  and  scorify  down  to  a  button  weighing 
between  18  and  25  grams. 

To  continue,  modifications  of  two  reliable  procedures 
may  be  used. 

Method  I.  Ammonium  Formate  Method  ( 9 ).  Flatten  the 
lead  button,  place  in  a  600-ml.  beaker,  add  200  ml.  of  water,  and 
45  ml.  of  concentrated  nitric  acid,  and  warm  to  complete  solu¬ 
tion.  Neutralize  the  warm  solution  with  8  N  ammonia  until 
further  addition  would  cause  precipitation  of  lead  and  bismuth. 
The  solution  should  be  definitely  clear  at  this  point,  but  the  acid¬ 
ity  should  not  exceed  2  ml.  of  16  N  nitric  acid  in  300  ml.  of  solu¬ 
tion.  Add  8  ml.  of  40  per  cent  ammonium  formate  solution. 
Allow  to  stand  warm  for  1  hour,  when  as  little  as  1  mg.  of  bis¬ 
muth  has  settled.  Filter  off  the  precipitate  on  11-cm.  No.  42 
Whatman  paper  and  wash  8  times  with  hot  water.  Dissolve  the 
precipitate  in  warm  4  N  nitric  acid,  evaporate  to  dryness  on  a 
water  bath,  and  take  up  with  1  ml.  of  hydrochloric  acid  (1  to  9), 
2  grams  of  ammonium  chloride,  and  5  ml.  of  hot  water.  Warm  to 
complete  solution,  then  dilute  to  approximately  500  ml.  and 
allow  bismuth  oxychloride  to  settle.  Filter  and  wash  with  hot 
water.  Dry  at  approximately  105°  C.  and  weigh  as  bismuth 
oxychloride. 

If  only  minute  amounts  of  bismuth  are  present,  dissolve  the  bis¬ 
muth  formate  in  hot  (6  AT)  sulfuric  acid  and  determine  bismuth 
colorimetrically  with  potassium  iodide. 

Method  II.  Ledoux’s  Method  (10).  Dissolve  the  lead 
button  in  nitric  acid  as  in  the  preceding  method.  Add  care¬ 
fully  to  the  warm  solution  8  N  ammonia  until  the  excess  acid  is 
neutralized  and  a  faint  cloud  but  no  permanent  precipitate  forms. 
Now  add  1  ml.  of  hydrochloric  acid  (1  to  9).  The  solution  wdll 
clear  for  a  moment,  then  bismuth,  when  present  in  appreciable 
amounts,  will  precipitate  and  coagulate  rapidly  as  a  white  crys¬ 
talline  precipitate.  Allow  it  to  settle  on  the  hot  plate  until  the 
supernatant  solution  appears  clear.  Filter  on  No.  42  Whatman 
filter  paper  and  wash  with  hot  water.  Dissolve  the  precipitate, 
which  contains  only  small  amounts  of  lead,  in  hot  dilute  nitric 
acid  and  proceed  as  in  Method  I. 

Other  Impurities 

A  complete  discussion  of  methods  dealing  with  the  de¬ 
termination  of  other  impurities  is  not  attempted.  A  short 
outline  of  the  more  important  determinations  follows. 

Determination  of  Silica.  Fuse  1  gram  of  cassiterite  in  a 
nickel  crucible  with  sodium  carbonate  and  sodium  peroxide. 
Leach  with  water  in  a  nickel  dish.  Pour  the  solution  into  a  cas¬ 
serole  or  a  beaker  containing  enough  hydrochloric  acid  to  render 
the  solution  acid.  Evaporate  to  dryness  and  dehydrate  the  silica 
by  heating  at  105°  C.  Take  up  with  10  ml.  of  hydrochloric  acid 
and  200  ml.  of  water.  Heat  to  boiling,  filter  off  silica,  ignite  in 
a  platinum  crucible,  weigh,  expel  the  silica  with  hydrofluoric  acid 
and  a  drop  of  sulfuric  acid,  reignite,  and  weigh. 

Determination  of  Tungsten.  Fuse  1  gram  of  the  sample  as 
for  silica.  Transfer  the  crucible  to  a  600-ml.  beaker  and  leach 
fusion  with  water.  Acidify  with  hydrochloric  acid  and  evaporate 
the  solution  to  dryness,  then  take  it  up  writh  10  ml.  of  hydrochloric 
acid  and  200  ml.  of  warm  water,  and  heat  it  to  boiling.  Add  5 
ml,  of  cinchonine  solution,  and  allow  to  stand  overnight.  Filter 
off  the  precipitate  and  wash  with  10  per  cent  cold  hydrochloric 
acid.  Wash  the  precipitate  back  into  the  original  beaker,  which 
is  then  placed  under  the  funnel.  Pour  40  ml.  of  6  N  ammonia  over 
the  paper,  warm  the  solution  on  a  hot  plate,  filter  through  the 


original  paper  into  a  400-ml.  beaker,  and  wash  with  10  per  cent 
ammonia.  Dilute  the  solution  to  200  ml.,  and  expel  ammonia  by 
boiling,  acidify  with  5  ml.  of  hydrochloric  acid,  dilute  to  200  ml., 
add  5  ml.  of  cinchonine  solution,  and  allow  to  stand  overnight. 
Filter,  wash  the  precipitate  with  dilute  cinchonine  solution, 
ignite  in  a  tared  platinum  crucible,  expel  the  silica  with  hydro¬ 
fluoric  acid  and  a  drop  of  sulfuric  acid,  reignite,  and  weigh  as 
tungsten  trioxide. 

Determination  of  Iron,  Aluminum,  Titanium,  Calcium,  and 
Magnesium.  Use  the  filtrate  from  the  silica  determination  or 
fuse  1  gram  of  the  sample  in  a  nickel  crucible  with  sodium  car¬ 
bonate  and  sodium  peroxide.  Leach  the  fusion  with  100  ml.  of 
water  in  a  400-ml.  beaker,  add  65  ml.  of  concentrated  hydro¬ 
chloric  acid,  remove  the  crucible,  and  rinse  it  with  dilute  hydro¬ 
chloric  acid.  Heat  the  solution  to  expel  chlorine,  then  adjust 
acidity  to  15  ml.  of  hydrochloric  acid  in  300  ml.  of  solution.  Pass 
in  hydrogen  sulfide  for  half  an  hour  and  allow  the  precipitate  to 
settle.  Filter,  receiving  the  filtrate  in  a  600-ml.  beaker  and  wash¬ 
ing  the  precipitate  with  warm  3  per  cent  sulfuric  acid  containing 
some  hydrogen  sulfide.  Discard  the  precipitate,  expel  the  hy¬ 
drogen  sulfide  by  boiling,  then  oxidize  the  solution  with  hydro¬ 
gen  peroxide. 

Render  the  solution  ammoniacal,  heat  to  boiling,  filter  off, 
precipitate,  and  wash  with  5  per  cent  ammonia  containing  some 
ammonium  chloride.  Dissolve  precipitate  in  hydrochloric  acid 
and  repeat  the  ammonia  separation,  filtering  into  the  main  fil¬ 
trate. 

In  the  filtrate  calcium  may  be  precipitated  as  the  oxalate  and 
in  the  filtrate  of  the  calcium  oxalate  the  magnesium  as  magnesium 
ammonium  phosphate. 

Dissolve  the  precipitate  containing  the  iron,  aluminum,  etc., 
in  dilute  hydrochloric  acid,  adjust  the  acidity  to  5  ml.  of  hydro¬ 
chloric  acid  in  150  ml.  of  solution,  add  2  grams  of  tartaric  acid,  and 
pass  in  hydrogen  sulfide  for  20  minutes.  Filter  off  any  precipitate 
and  wash  with  1  per  cent  sulfuric  acid,  containing  hydrogen  sul¬ 
fide  and  a  little  tartaric  acid.  Discard  the  precipitate.  Render 
the  solution  ammoniacal,  adding  an  excess  of  5  ml.  of  ammonia. 
Pass  in  hydrogen  sulfide  for  5  minutes,  filter  off  precipitate  im¬ 
mediately,  and  wash  it  with  an  ammonium  sulfide  solution  con¬ 
taining  tartaric  acid. 

Transfer  precipitate  to  the  original  beaker  and  take  to  fumes 
with  nitric  and  sulfuric  acids  until  all  carbonaceous  matter  has 
been  destroyed.  To  expel  any  nitric  acid,  take  the  solution  twice 
to  fumes  with  water.  Finally  determine  the  iron  by  reducing  it 
either  with  stannous  chloride  or  by  the  Jones  reductor  and  sub¬ 
sequent  titration  with  potassium  permanganate. 

Boil  the  filtrate  containing  the  titanium  and  aluminum  to  expel 
ammonium  sulfide,  add  40  ml.  of  hydrochloric  acid  and  again  boil 
to  expel  all  hydrogen  sulfide,  add  30  ml.  of  hydrogen  sulfide,  and 
again  boil  to  expel  excess  peroxide.  Dilute  to  300  ml.  cool,  add  a 
6  per  cent  cupferron  solution  until  no  further  precipitate  forms. 
Filter,  using  pulp,  and  wash  with  cold  water  containing  100  ml.  of 
hydrochloric  acid  per  liter.  The  precipitate  contains  the  titanium 
which  may  be  contaminated  by  zirconium  (quantitatively)  and 
by  some  columbium  and  tantalum.  Ignite  the  precipitate  in  a 
platinum  crucible,  fuse  with  bisulfate,  take  up  with  150  ml.  of 
about  3  N  sulfuric  acid,  add  5  ml.  of  3  per  cent  hydrogen  peroxide, 
and  compare  the  color  with  that  produced  by  a  standard  solution 
of  titanium.  If  larger  amounts  of  titanium  are  present  than  can 
be  accurately  determined  by  this  colorimetric  procedure,  pass  the 
solution  through  a  Jones  reductor,  receive  it  in  a  solution  of  ferric 
sulfate,  and  titrate  with  potassium  permanganate. 

If  zirconium  has  to  be  determined,  it  may  be  precipitated  with 
diammonium  phosphate  in  the  presence  of  hydrogen  peroxide 
after  the  colorimetric  titanium  determination. 

Add  25  ml.  of  sulfuric  acid  and  40  ml.  of  nitric  acid  to  the  filtrate 
of  the  cupferron  precipitate  and  boil  down  to  incipient  fumes  on 
a  hot  plate,  adding  more  nitric  acid  from  time  to  time  until  all 
organic  matter  has  been  oxidized.  Take  the  solution  up  with  150 
ml.  of  water,  heat  to  boiling,  filter  off  any  silica,  and  wash  with 
dilute  sulfuric  acid.  Precipitate  aluminum  in  the  filtrate  with 
ammonia,  filter  off,  and  wash  with  hot  water  containing  am¬ 
monium  nitrate.  If  chromium  and  beryllium  are  absent,  ignite 
the  precipitate  in  a  tared  platinum  crucible  and  finally  weigh 
as  aluminum  oxide. 

If  chromium  is  present  (indicated  by  the  color  of  the  precipi¬ 
tate),  dissolve  into  a  400-ml.  beaker  with  hot  dilute  hydrochloric 
acid  (1  to  1),  add  25  ml.  of  perchloric  acid,  and  boil  till  the  chro¬ 
mium  appears  to  be  oxidized,  and  then  for  5  more  minutes.  (If 
a  chromium  determination  is  required,  use  dilute  nitric  acid,  in¬ 
stead  of  hydrochloric  acid,  to  dissolve  the  hydroxide  precipitate.) 
Cool,  take  up  with  200  ml.  of  water,  and  neutralize  with  ammonia 
until  distinctly  ammoniacal.  Heat  to  boiling,  filter  (through  as¬ 
bestos,  if  a  chromium  determination  is  required),  and  wash 
with  hot  water  containing  ammonium  nitrate.  In  the  absence  of 
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beryllium,  ignite  the  precipitate  in  a  tared  platinum  crucible  and 
finally  weigh  as  aluminum  oxide.  In  the  presence  of  beryllium, 
separate  aluminum  using  8-hydroxyquinoline. 
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Determination  of  Iodate  in  the  Presence  of 

Bromate  and  Chlorate 

I.  M.  KOLTHOFF  AND  DAVID  N.  HUME,  School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn, 


HE  method  of  van  der  Meulen  ( 2 )  for  the  volumetric 
determination  of  iodate  in  the  presence  of  bromate,  while 
accurate,  involves  a  long  and  rather  complicated  procedure. 
It  has  been  found  that  by  carefully  buffering  the  reaction 
mixture  it  is  possible  to  determine  iodate  by  means  of  an 
ordinary  iodometric  titration  without  interference  from 
bromate  or  chlorate.  After  the  titration  of  iodate,  bromate 
can  be  titrated  in  the  same  mixture  by  adding  an  adequate 
amount  of  hydrochloric  acid  and  a  few  drops  of  a  molybdate 
solution  as  a  catalyst  ( 1 ). 

Preliminary  experiments  indicated  that  the  reaction  be¬ 
tween  iodate  and  iodide  was  rapid  and  complete  in  phthalate 
buffers  between  pH  4  and  5.  Under  the  same  conditions 
the  reaction  between  bromate  and  iodide  is  slow.  •  At  pH 
5  it  is  slow  enough  to  be  disregarded  during  the  time  re¬ 
quired  for  a  titration  unless  the  concentration  is  high.  The 
rate  of  the  reaction  is  more  rapid  at  pH  4.  By  proper  choice 
of  buffer  it  is  possible  to  have  all  the  iodate  present  in  a 


Table  I.  Titration  of  Iodate 


(Titration  of  25.00-ml. 

samples  of  0.1 

N  KIO3  with 

0.09791  N  NaiSsOs) 

0.1  N  KBrCL 
Added 

Biphthalate 

Na2S2C>3 

Used" 

Error 

Ml. 

Grams 

Ml. 

% 

2 

25.54 

+  0.04 

2 

25.54 

+  0.04 

3 

25.55 

+  0.08 

3 

25.53 

0.00 

1.5 

25.53 

0.00 

1.5 

25.546 

+  0.04 

25 

2 

25 . 55 

+  0.08 

25 

2 

25.53 

0.00 

25 

2 

25 . 56 

+  0.08 

25 

6 

25.60 

+  0.27 

25 

6 

25.60 

+0.27 

C 

2 

25.71 

+  0.7 

C 

2 

25.80 

+  1.1 

“  Theoretical  25.53. 
b  Stood  5  minutes  before  titration. 
c  1  g.  of  KBrCb  present. 


mixture  react  without  appreciable  interference  from  the 
bromate.  The  buffer  added  has  two  functions.  It  supplies 
the  hydrogen  ions  necessary  for  the  iodate-iodide  reaction. 
It  also  adjusts  the  pH  of  the  medium  to  a  value  at  which 
the  iodate  reaction  is  rapid,  whereas  the  bromate  reaction  is 
slow,  though  measurable.  The  pH  of  the  buffered  solution 
increases  during  the  reaction  between  iodate  and  iodide, 
since  hydrogen  ions  are  used  up.  Thus  the  pH  is  raised  to  a 
value  at  which  the  rate  of  reaction  between  bromate  and 
iodide  is  negligibly  small. 


Table  II.  Titrations  of  Iodate-Bromate  Mixtures  with 
0.09713  N  Sodium  Thiosulfate 


0.1  N 
KIO3 

0.1  N 
KBr03 

Biphthalate 

Na2Ss03 

Used 

Na2S!C>3 

Theoretical 

Error 

Ml. 

Ml. 

Grams 

Ml. 

Ml. 

% 

25 

100 

2.0 

25.75“ 

25.74 

+0.04 

25 

100 

2.0 

25.75“ 

25.74 

+  0.04 

50 

25 

4.0 

51.45 

51.48 

-0.06 

50 

25 

4.0 

51.48 

51.48 

0.00 

5 

25 

2.0 

5.210 

5.148 

+  1.2 

5 

25 

2.0 

5.240 

5.148 

+  1.9 

5 

25 

0.5 

5.153 

5.148 

+0.1 

5 

25 

0.5 

5.153 

5.148 

+  0.1 

5  b 

0 

0.5 

5.148 

5.148 

0.00 

10“ 

0 

1.0 

10.30 

10.30 

0.00 

10 

10 

1.0 

10.30 

10.30 

0.00 

10 

10 

1.0 

10.30 

10.30 

0.00 

25 

0  d 

2.0 

25.74 

25.74 

0.00 

25 

0d 

2.0 

25.74 

25.74 

0.00 

“  End  point  tended  to  drift  slightly. 
6  20  ml.  of  HjO  added. 
c  10  ml.  of  H2O  added. 
i  10  ml.  of  1  N  KClOa  added. 


Experimental 

Aliquot  portions  of  a  standard  0.1  A  potassium  iodate  stock 
solution  were  treated  with  various  amounts  of  solid  potassium 
biphthalate.  Potassium  iodide  was  added  and  the  mixtures 
were  titrated  with  standard  sodium  thiosulfate.  In  each  case 
the  major  portion  of  the  thiosulfate  was  added  from  a  pipet  and 
the  titration  was  finished  with  a  microburet.  This  technique 


March  15,  1943 


ANALYTICAL  EDITION 


175 


Table  III.  Titrations  with  0.01  N  Solutions  in  Presence 
of  1  Gram  of  Potassium  Biphthalate 


0.01  N 
KIOs 

0.1  N 
KBrOa 

0.009713  N 
Na2S2C>3 

NazSjCh 

Theoretical 

Error 

Ml. 

Ml. 

Ml. 

Ml. 

% 

25 

0 

25.71 

25.74 

-0.12 

25 

0 

25.70 

25.74 

-0.16 

25 

5 

25.77 

25.74 

+  0.12 

25 

5 

25.77 

25.74 

+  0.12 

25 

1 

25.75 

25.74 

+  0.04 

25 

0“ 

25.71 

25.74 

-0.12 

25 

0“ 

25.70 

25.74 

-0.16 

10 

1 

10.34 

10.30 

+  0.40 

10 

1 

10.31 

10.30 

+  0.10 

°  2  ml.  of  1.0  N  KCIO3  present. 


permitted  reproducibility  to  about  0.05  per  cent  in  titrations 
requiring  approximately  25  ml.  of  solution.  Titrations  were 
made  also  with  varying  amounts  of  potassium  bromate  or 
chlorate  present.  The  following  procedure  was  found  to  give 
excellent  results. 

To  25  to  50  ml.  of  solution  (containing  about  2  to  3  milli- 
equivalents  of  iodate)  2  grams  of  potassium  biphthalate  are 
added  and  the  mixture  is  swirled  until  solution  is  effected. 
Three  grams  of  potassium  iodide  are  added  and  the  mixture  is 
allowed  to  stand  for  3  minutes.  The  liberated  iodine  is  then 
titrated  with  standard  0.1  IV  sodium  thiosulfate  to  a  starch  end 
point. 

The  amount  of  biphthalate  added  supplies  a  threefold 
excess  of  hydrogen  for  the  iodate-iodide  reaction.  The  pH 
of  a  pure  biphthalate  solution  is  4.0,  but  the  reaction  between 
iodate  and  iodide  removes  sufficient  hydrogen  ions  to  raise 
the  pH  to  5.0  (with  2.5  miiliequivalents  of  iodate).  This  is 
important,  as  the  iodate  reaction  thus  takes  place  within 
a  few  seconds  at  the  higher  acidity  and  automatically  reduces 
the  hydrogen-ion  concentration  to  a  level  at  which  the  bro¬ 
mate  reacts  very  slowly.  If  a  much  larger  excess  of  biphthalate 
were  to  be  added,  a  drifting  end  point  and  high  results  would 
be  obtained. 


Analytical  Results 

The  data  in  Table  I  show  that  the  conditions  of  the  pro¬ 
cedure  permit  an  accurate  titration  of  iodate  and  that  the 
amount  of  biphthalate  used  is  not  critical.  Tables  I  and  II 
show  that  a  fourfold  excess  of  bromate  or  chlorate  does  not 
interfere. 

The  approximate  ratio  of  2  grams  of  biphthalate  to  2.5 
miiliequivalents  of  iodate  is  necessary  if  results  accurate 
to  0.1  per  cent  or  better  are  desired.  The  above  ratio  of 
biphthalate  to  iodate  is  not  critical,  but  large  excess  of  bi¬ 
phthalate  gives  results  accurate  to  only  0.25  or  2  per  cent  if 
bromate  is  present  in  equal  or  greater  amounts.  If  the  order 
of  magnitude  of  the  iodate  concentration  is  not  known,  a 
preliminary  titration  permits  estimation  of  the  proper  amount 
of  biphthalate  to  be  added  for  the  exact  determination.  The 
determination  gives  high  results  when  very  large  concentra¬ 
tions  of  bromate  are  encountered.  Thus,  titration  of  0.1  N 
iodate  to  which  sufficient  solid  potassium  bromate  had  been 
added  to  make  its  concentration  1.8  A  gave  results  about 
1  per  cent  high. 

In  titrations  with  0.01  N  solutions  the  reaction  between 
iodate  and  iodide  was  found  to  be  inconveniently  slow 
unless  the  ratio  of  biphthalate  to  iodate  was  increased  con¬ 
siderably.  By  using  1  gram  of  biphthalate  for  0.10  to  0.25 
milliequivalent  of  iodate  in  10  to  30  ml.  of  solution,  fairly 
accurate  results  were  obtained  (Table  III). 
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Vacuum  Desiccator  for  the  Synthetic  Organic  Laboratory 

F.  P.  PINGERT,  Eastman  Kodak  Co.,  Rochester,  N.  Y. 


THE  conventional  form  of  a  vacuum  desiccator  has 
limitations  and  disadvantages  which  render  its  use  im¬ 
practicable.  In  organic  syntheses,  whenever  sharp  drying 
of  larger  batches  is  required,  the  following  simple  adaptation 
of  standard  equipment  has  proved  useful  in  this  laboratory. 


One  of  two  similar  round-bottomed  flasks,  B,  is  provided  with 
a  side  arm  for  connection  to  the  vacuum  pump.  (A  glass  stop¬ 
cock  in  this  place  is  desirable  but  not  necessary.  Its  presence 
enables  the  flask  to  be  used  as  a  large  separatory  funnel.) 

A  not  too  loosely  fitting  glass  sleeve,  C,  serves  as  a  guide 
for  the  union  between  flasks  A  and  B.  The  sleeve  carries  a  rubber 
gasket,  D,  conveniently  cut  from  an  old  inner  tube.  The  gasket 
seals  the  vacuum,  while  the  sleeve  prevents  the  side-slipping  of 
the  contact  surfaces.  Without  the  guiding  sleeve,  the  assembly 
is  not  safe.  Special  guiding  clamps  could  be  used,  but  they  have 
no  particular  advantages  in  this  case. 

When  in  use,  A  contains  the  product,  and  B,  the  drying  agent; 
E  is  a  steam  bath,  and  F,  any  convenient  support.  The  appara¬ 


tus,  assembled  at  random  from  stock  flasks  of  5-liter  capacity, 
will  hold  a  vacuum  of  2  mm.  for  24  hours  (with  the  aid  of  a  high 
grade  vacuum  grease). 

The  following  features  make  the  “dumb-bell  desiccator” 
particularly  desirable  for  synthetic  work:  (1)  Frequently 
one  operation  may  be  saved,  since  a  round-bottomed  flask  in 
which  the  reaction  or  process  of  concentration  was  carried  out 
may  be  attached  to  the  drying  bulb  without  the  need  of  a 
transfer.  (2)  Within  limits,  the  desiccator  may  be  made  as 
large  or  as  small  as  desired.  With  reasonable  precaution, 
flasks  up  to  24  liters  may  presumably  be  used.  (The  author 
has  found  it  useful  to  coat  evacuated  vessels  on  the  outside 
with  a  thin  film  of  a  soluble  plastic.  The  shattering  hazards 
seemed  to  be  greatly  reduced  and  experimentally  induced 
implosions  proceeded  with  not  much  more  than  a  dull  thud.) 
(3)  While  being  dried  the  product  may  be  readily  heated  on  a 
steam  bath  and  may  be  stirred  by  rotating  the  assembly. 
This  also  exposes  a  new  surface  of  drying  agent  at  each  turn, 
thus  hastening  the  process. 

A  comparative  test  with  a  highly  hygroscopic  sirup  has 
shown  that  the  dumb-bell  desiccator  works  about  twice  as 
fast  as  the  conventional  model  under  comparable  circum¬ 
stances  (such  as  equal  amounts  of  desiccant).  With  gentle 
warming,  the  rate  of  drying  was  increased  fourfold  or  better. 
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Rapid  Determination  of  Starch 

An  Index  to  Maturity  in  Starchy  Vegetables 

JOHN  P.  NIELSEN 

Western  Regional  Research  Laboratory,  Bureau  of  Agricultural  Chemistry  and  Engineering, 
U.  S.  Department  of  Agriculture,  Albany,  Calif. 


IT  IS  well  known  that  in  certain  vegetables  such  as  peas, 
corn,  and  lima  beans,  the  starch  content  of  the  seed  tends 
to  increase  as  the  plant  matures.  This  increase  in  starch  is 
usually  associated  with  a  decrease  in  total  sugar,  tenderness, 
and  general  food  quality  of  the  vegetables. 

Since  the  increase  of  starch  is  one  of  the  major  changes  that 
occur  during  the  maturing  of  these  vegetables,  it  seemed 
logical  that  the  estimation  of  starch  should  serve  as  an  index 
of  maturity  and  quality.  This  idea  was  supported  by  the 
fact  that  alcohol-insoluble  solids,  which  give  a  rough  measure 
of  starch,  correlate  well  with  quality  in  green  peas  {2,  4). 

Common  methods  of  starch  analysis  ( 1 ,  3,  5)  usually  involve 
drying  the  sample  and  grinding  in  a  ball  mill  or  other  device  for 
disintegrating  the  tissues.  The  material  is  then  extracted  with 
alcohol  and  suspended  in  water,  the  starch  is  brought  into  solu¬ 
tion  with  acid,  after  which  it  is  hydrolyzed  with  an  enzyme  or 
acid,  the  resulting  product  is  clarified,  and  the  sugar  is  determined 
by  some  conventional  method.  Some  methods  include  an  addi¬ 
tional  step  for  separating  dextrins,  either  by  different  solubility 
in  various  concentrations  of  alcohol  or  by  a  precipitation  of  the 
starch  with  iodine,  after  which  the  starch  is  determined  by  hy¬ 
drolysis  or  colorimetrically  with  iodine  (5).  Hassid  and  co¬ 
workers  (8)  qombine  the  alcohol  extraction  and  acid  solubili¬ 
zation  by  adding  a  small  amount  of  acid  to  the  alcohol  and 
refluxing. 

The  above  procedures  require  a  good  deal  of  time-consum¬ 
ing  manipulation  and  they  increase  considerably  the  chances 
of  loss  of  starch.  Most  methods  do  not  attempt  to  remove 
dextrins  and  other  polysaccharides,  which  are  determined 
along  with  starch  upon  hydrolysis.  Pucher  and  Vickery 
(5)  by  a  long  procedure  do  remove  most  of  the  interfering 
substances. 

A  determination  by  any  of  the  above  methods  will  require 
at  least  a  day  and  sometimes  several  days.  If  a  large  num¬ 
ber  of  samples  are  run  together  a  considerable  amount  of 
equipment  is  required.  The  method  presented  in  this  paper 
was  developed  mainly  for  speed  without  appreciable  sacrifice 
in  accuracy.  Since  manipulation  is  greatly  reduced,  errors 
from  that  source  are  minimized.  The  starch  is  estimated 
colorimetrically  with  iodine,  using  a  red  filter,  which  decreases 
considerably  the  error  due  to  dextrins.  Interfering  gluco- 
sides  and  alkaloids  are  shown  to  be  absent  from  the  products 
examined.  However,  a  rapid  procedure  for  their  removal  is 
given,  in  case  they  are  present  in  the  sample  to  be  analyzed. 
A  single  sample  can  be  carried  through  the  whole  procedure, 
including  preparation,  in  20  to  30  minutes.  Forty  to  50 
samples  can  be  analyzed  in  a  day. 

Perchloric  acid  is  unique,  in  that  practically  all  its  in¬ 
organic  compounds  are  soluble  in  water.  In  order  to  ascer¬ 
tain  whether  this  “solubilizing”  effect  might  occur  in  organic 
combinations,  various  concentrations  of  perchloric  acid  were 
mixed  with  raw  potato  starch.  It  was  found  that  after  a 
certain  normality  was  reached,  which  was  well  below  the 
concentration  of  hydrochloric  acid  used  for  the  same  pur¬ 
pose,  the  starch  granules  lost  their  form  and  passed  into 
solution  in  3  to  4  minutes. 

This  acid  “solubilization”  has  now  been  applied  to  vege¬ 
table  material  disintegrated  in  a  Waring  Blendor.  As  a 
result,  a  rapid  procedure  has  been  devised  for  the  extraction 


of  starch,  which  can  then  be  estimated  by  the  starch-iodine 
colorimetric  method  as  suggested  by  Pucher  and  Vickery  ( 5 ). 

Reagents  and  Equipment 

Photoelectric  colorimeter.  For  rapid  work  the  colorimeter 
should  have  a  test  tube  adaptor  and  at  least  a  dozen  matched 
test  tubes.  A  red  filter  is  necessary  for  maximum  sensitivity. 

Disintegrator,  a  Waring  Blendor  or  any  similar  instrument. 

Perchloric  acid,  72  per  cent  reagent  grade  solution;  acetic 
acid,  2  N  solution;  sodium  hydroxide,  6  N  solution;  potassium 
iodide,  10  per  cent  solution;  and  potassium  iodate,  0.01  \N 
solution. 

Procedure 

A  100-gram  sample  of  the  fresh,  frozen,  or  canned  vegetable  is 
placed  in  the  disintegrator  cup  with  an  equal  weight  of  water, 
and  the  instrument  is  allowed  to  run  at  the  high-speed  position 
for  3  to  4  minutes.  Two  grams  of  the  ground  sample  are  weighed 
directly  into  a  30-  or  50-ml.  beaker  on  a  torsion  balance  sensitive 
to  0.01  gram,  2  ml.  of  water  are  added,  and  then  exactly  2.7  ml. 
of  72  per  cent  perchloric  acid  are  slowly  added  with  thorough 
stirring,  so  that  there  will  not  be  momentary  high  concentrations 
of  the  acid  in  any  portion  of  the  sample.  The  mixture  is  allowed 
to  stand  with  occasional  stirring  for  about  10  minutes. 

After  standing,  the  mixture  is  made  up  to  25  or  50  ml.  with 
distilled  water,  depending  on  the  starch  content,  and  then 
poured  into  a  suitable  test  tube  to  settle.  A  1-ml.  aliquot  of 
the  supernatant  liquid  is  pipetted  into  a  100-ml.  beaker  and  6 
ml.  of  water  are  added.  A  drop  of  phenolphthalein  is  added  and 
the  solution  is  brought  to  a  pink  color  with  a  few  drops  of  6  N 
sodium  hydroxide.  Now  2  N  acetic  acid  is  added  until  the  pink 
color  disappears,  2.5  ml.  are  then  added  in  excess,  0.5  ml.  of  10 
per  cent  potassium  iodide  and  5  ml.  of  0.01  N  potassium  iodate 
are  accurately  added,  and  the  solution  is  allowed  to  stand  at 
least  5  minutes.  If  the  solution  is  relatively  pale  bluish-green, 
it  should  now  be  made  up  to  25  ml.,  and  if  it  is  dark  bluish-green, 
it  should  be  made  up  to  50  ml.  The  color  is  estimated  in  a 
photoelectric  colorimeter  using  a  red  filter  having  a  trans¬ 
mission  range  from  640  to  700  millimicrons.  The  colorimeter 
should  be  set  at  zero  absorption  or  the  readings  corrected,  with 


Figure  1.  Absorption  of  Light  by  Starch- 
Iodine  Solutions,  Red  Filter 
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Table  I.  Effect  of  Perchloric  Acid  Concentration  on 
Solution  and  Hydrolysis  of  Potato  Starch 


Weight  of 

Molality  of 

Starch 

Treatment 

Starch 

Acid 

Recovery 

Min. 

Mg. 

% 

10 

35 

12.0 

11.0 

10 

35 

8.0 

16.2 

10 

35 

6.0 

89.8 

10 

35 

4.8 

100.0 

10 

35 

3.4 

87.5 

10 

35 

2.7 

67.8 

15 

35 

12.0 

4.1 

15 

35 

8.0 

12.4 

15 

35 

6.0 

80.0 

15 

35 

4.8 

100.0 

15 

35 

4.0 

100.0 

15 

35 

3.4 

94.5 

a  blank  containing  all  of  the  reagents.  If  the  filtrate  used  in 
developing  the  starch-iodine  color  is  turbid,  an  extra  blank 
correction  should  be  made  if  precise  results  are  desired.  This 
can  be  done  by  discharging  the  blue  color  with  a  few  drops  of 
0.1  N  sodium  thiosulfate  and  comparing  the  turbid  solution 
against  water. 

Standardization 

The  percentage  of  starch  is  calculated  from  a  curve  pre¬ 
pared  from  the  colorimeter  readings  of  a  known  range  of 
starch  concentration.  For  solution  depths  of  about  1.25 
cm.  (0.5  inch),  the  best  range  of  starch  concentrations  is  from 
0  to  3  mg.  per  50  ml.  Figure  1  shows  a  typical  standardi¬ 
zation  curve  with  the  Klett-Summerson  photoelectric  color¬ 
imeter. 

Soluble  starch  cannot  be  used  for  standardization.  If 
absolute  results  are  desired,  starch  prepared  from  raw,  un¬ 
blanched  material  similar  to  that  which  is  to  be  analyzed 
should  be  used.  Equal  weights  of  starch  from  different 
products,  such  as  potatoes  and  peas,  do  not  give  the  same 
amount  of  color  with  iodine;  therefore  one  type  of  starch 
cannot  be  used  as  a  standard  for  all  products.  Perhaps  if 
factors  were  established  between  the  various  starches,  a 
single  standard  such  as  potato  starch  would  suffice.  If  a 
series  of  analyses  is  to  be  carried  out  on  a  given  product  and 
only  relative  results  are  desired,  potato  starch,  which  is 
easily  prepared,  could  be  used  to  prepare  a  standard  curve. 

To  obtain  starch  for  standardization,  disintegrate  raw,  un¬ 
blanched  material  in  a  Waring  Blendor  type  of  disintegrator  with 
an  equal  weight  of  water.  Separate  the  fibrous  material  by 
washing  the  ground  pulp  through  a  100-  to  200-mesh  screen, 
place  the  material  that  passed  through  the  screen  in  a  large 
beaker  or  pan,  and  stir  with  a  large  volume  of  water.  Allow  the 
starch  to  settle  and  decant  off  the  water.  Repeat  this  process 
until  the  starch  is  free  of  extraneous  material.  Now  wash  the 
starch  with  alcohol  and  ether  and  dry  in  an  oven  at  70°  to  80°  C. 
for  30  minutes.  This  should  give  a  starch  that  is  reasonably 
pure.  Analyses  can  be  made  to  establish  its  purity  if  such 
accuracy  is  desired. 

Effect  of  Perchloric  Acid  Concentration 
on  Solution  and  Hydrolysis  of  Starch 

It  was  stated  above  that  a  certain  concentration  of  per¬ 
chloric  acid  had  to  be  reached  before  the  starch  granules  went 
into  solution.  To  study  this  further  and  to  ascertain  the 
hydrolytic  effect  of  the  acid,  samples  of  potato  starch  were 
treated  with  known  concentrations  of  acid  for  two  different 
periods.  The  data  in  Table  I  indicate  that  a  concentration 
near  4  molal  is  necessary  to  bring  the  starch  into  solution 
and  that  this  range  can  extend  to  at  least  4.8  molal  without 
hydrolysis  of  the  starch  when  held  at  room  temperature  for 
15  minutes.  A  similar  experiment  carried  out  on  corn  as 
shown  in  Table  II  placed  the  lower  limit  slightly  higher,  prob¬ 
ably  because  of  the  buffering  effect  of  the  sample.  In  a  third 
experiment  on  lima  beans  (Table  III) ,  little  hydrolytic  effect 
was  shown  even  after  30  minutes. 


Effect  of  Filtration  on  Solubilized  Starch 

A  Whatman  No.  1  filter  paper  can  be  used  to  filter  the 
sample  after  it  has  been  solubilized  and  made  up  to  volume. 
Curiously  enough,  a  Whatman  No.  2  paper,  which  is  a  good 
deal  heavier,  removes  about  20  per  cent  of  the  starch  from  the 
solution.  For  this  reason  the  method  was  devised  so  as  to 
involve  no  filtration  and  thus  eliminate  any  chance  of  absorp¬ 
tion  of  starch  by  filter  paper.  Turbid  solutions  which  had 
settled  for  only  a  few  minutes  were  sampled  and  compared 
with  some  of  the  same  solution  which  had  been  centrifuged. 
Starch  results  by  the  two  procedures  were  identical. 

Stability  of  Starch-Iodine  Color 

If  the  sample  is  immediately  made  up  to  volume  after  the 
preparation  of  the  starch-iodine  color,  a  slow  upward  drift  in 
colorimeter  reading  will  be  observed.  However,  if  the 
sample  is  allowed  to  stand  in  the  concentrated  state  for  5 
minutes,  this  drift  occurs  to  only  a  very  limited  extent. 
Twelve  samples  prepared  by  the  latter  procedure  had  an 
average  upward  drift  of  1  division,  equivalent  to  0.008  mg. 
of  starch  in  40  minutes. 


Table  II.  Influence  of  Perchloric  Acid  Concentration 
on  Extraction  of  Starch  from  Corn 


Molality 

Starch  Found 

Sample  No. 

of  Acid 

in  Sample 

% 

73 

4.8 

5.20 

2.4 

2.52 

74 

4.8 

4.03 

4.0 

3.41 

3.4 

3.30 

30 

6.0 

4.25 

4.8 

4.83 

31 

6.0 

2.83 

4.8 

3.46 

37 

6.0 

2.58 

4.8 

3.20 

45 

6.0 

3.13 

4.8 

3.83 

Table  III.  Influence 

of  Time  in  4.8 

Molal  Perchloric 

Acid  on  Per  Cent  of  Starch  Found  in  Lima  Beans 

Time  in 

Starch  Found 

Sample  No. 

4.8  M  HC1CL 

in  Sample 

Min. 

% 

66 

5 

7.34 

66 

10 

7.25 

66 

15 

7.17 

66 

30 

7.15 

Effect  of  Alcohol  Extraction 

Most  of  the  procedures  that  have  been  proposed  for  starch 
involve  drying  the  starch-containing  material,  grinding  in  a 
ball  mill,  and  then  extracting  for  several  hours  with  alcohol. 
This  serves  to  remove  sugars  which  would  interfere  in  a 
hydrolysis  procedure  for  starch.  According  to  Pucher  and 
Vickery  (5),  it  also  removes  certain  compounds  which  give  a 
blue  color  similar  to  that  produced  by  starch  with  iodine. 
Since  the  method  developed  did  not  involve  the  determi¬ 
nation  of  sugar  produced  by  the  hydrolysis  of  starch,  the 
removal  of  sugars  was  of  no  concern.  However,  it  is  neces¬ 
sary  to  remove  any  compounds  other  than  starch  which 
would  give  a  blue  color  with  iodine. 

To  check  this  point,  20-gram  samples  of  the  disintegrated 
material  from  several  different  varieties  of  frozen  corn,  lima 
beans,  and  peas  were  each  mixed  with  200  ml.  of  alcohol  and 
reground  in  the  disintegrator  for  several  minutes.  A  25-ml. 
aliquot  of  this  mixture  was  then  filtered  through  a  Whatman 
No.  1  paper  in  a  Gooch  crucible  and  washed  several  times 
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Table  IV.  Influence  of  Preliminary  Alcohol  Extraction 
on  the  Determination  of  Starch 


Sample 

No. 

Product 

Starch 

Starch  after 
Alcohol 
Extraction 

86 

Corn 

% 

2.43 

% 

2.45 

87 

Corn 

1.45 

1.46 

36 

Corn 

3.86 

3.91 

30 

Corn 

4.83 

4.86 

31 

Corn 

3.46 

3.52 

37 

Corn 

3.20 

3.28 

45 

Corn 

3.83 

3.91 

51 

Lima  beans 

9.35 

9.30 

882 

Lima  beans 

12.12 

11.85 

877 

Lima  beans 

12.42 

12.52 

874 

Lima  beans 

11.91 

12.00 

3 

Soybeans 

2.43 

2.50 

57 

Peas 

7.90 

7.62 

10 

Peas 

9.30 

9.10 

36 

Peas 

7.92 

7.94 

5 

Peas 

7.80 

7.58 

59 

Peas 

10.90 

10.50 

65 

Peas 

9.35 

9.13 

27 

Peas 

6.65 

6 . 50 

with  alcohol.  That  the  extraction  was  complete  was  indi¬ 
cated  by  the  pure  white  residue  left  on  the  filter  paper.  This 
residue  was  then  suspended  in  4  ml.  of  water  and  starch  was 
determined  by  the  procedure  given  above.  Table  IV  shows 
that  there  were  no  interfering  compounds  in  the  products 
studied. 

Influence  of  Dextrin 

The  method  herein  described  does  not  attempt  to  separate 
dextrins  from  starch.  It  is  not  necessary  in  most  cases  and 
to  do  so  would  greatly  lengthen  the  procedure.  There  was 
no  indication  of  the  presence  of  dextrins  in  the  peas,  soybeans, 
or  lima  beans  used  for  the  experiments.  However,  in  corn 
an  occasional  sample  had  a  slightly  brownish  color  when  iodine 
was  added.  To  determine  the  influence  of  the  red  color  of 
dextrins  in  the  colorimeter  reading  using  a  red  filter,  a  sample 
containing  125  mg.  of  bacteriological  dextrin  was  analyzed. 
This  sample  gave  an  apparent  starch  content  of  22  mg.  or 
between  one  fifth  and  one  sixth  as  much  absorption  of  light 


Figure  2.  Relationship  of  Per  Cent  Starch  to  Ten- 

DEROMETER  READING  IN  Raw  PEAS 
Curve  drawn  by  inspection 


Figure  3.  Brine  Flotation  of  Baby  Lima  Beans  vs. 
Per  Cent  Starch 

Curve  drawn  by  inspection 


as  would  the  same  amount  of  starch.  This  means  that  the 
error  due  to  dextrins.  is  much  less  than  in  a  hydrolysis  pro¬ 
cedure  for  starch  where  the  dextrins  are  not  removed. 

Recovery  Experiments 

A  known  quantity  of  potato  starch  was  added  to  samples 
of  lima  beans  and  soybeans  whose  starch  contents  had  been 
previously  determined.  Table  V  indicates  that  the  starch 
added  can  be  determined  within  less  than  3  per  cent,  which 
is  a  good  recovery  for  most  starch  methods. 


Table  V.  Recovery  of  Added  Potato  Starch 


Product 

Starch  Added 

Starch  Found 

Recovery 

Mg. 

Mg. 

% 

Soybeans 

0 

25.6 

49.3 

74.2 

98.6 

Lima  beans 

0 

109.6 

49.3 

158.0 

98.2 

0 

69.5 

49.3 

117.5 

97.4 

Discussion 

Since  the  vegetables  are  to  be  analyzed  for  a  constituent 
which  is  not  in  solution,  great  care  should  be  taken  to  keep 
the  disintegrated  material  well  mixed  as  it  is  being  weighed 
out.  Care  should  also  be  taken  not  to  add  an  excess  of  per¬ 
chloric  acid  to  the  sample,  since  a  few  tenths  of  a  milliliter 
of  acid  will  cause  a  considerable  increase  in  the  final  molality. 

Perchloric  acid  develops  some  heat  of  solution.  The  rise 
in  temperature  brought  about  when  the  acid  is  added  to  ex¬ 
tract  the  starch  facilitates  its  solution.  Cold  4.8  molal  per¬ 
chloric  acid,  however,  will  dissolve  starch  in  15  to  30  minutes. 
If  the  time  period  suggested  in  this  paper  is  adhered  to,  72 
per  cent  acid  must  be  used  in  order  readily  to  get  a  sufficient 
rise  in  temperature  to  dissolve  the  starch  in  5  to  10  minutes. 
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Complete  extraction  of  the  starch  is  indicated  by  recovery 
experiments,  the  ability  to  duplicate  results  closely,  and  the 
check  of  results  on  samples  reground  and  extracted  with 
alcohol  with  those  obtained  directly  determined  without 
extraction.  Other  evidence  is  that  a  reextraction  of  the 
residue  on  the  filter  paper  after  the  extraction  of  starch  gave  a 
negligible  starch  content.  A  starch  determination  on  ma¬ 
terial  left  on  a  40-mesh  screen  after  grinding  the  sample  in 
the  disintegrator  and  washing  through  the  screen  also  gave  a 
negligible  result. 

Further  evidence  of  the  reliability  of  the  method  has  been 
obtained  in  its  application.  A  group  of  raw  pea  samples 
were  graded  for  quality  with  a  tenderometer  and  then  ana¬ 
lyzed  for  starch.  Figure  2  shows  the  relationship  between 
these  two  factors. 

Fifty  samples  of  frozen  lima  beans  were  graded  for  quality 
organoleptically  and  by  brine  flotation.  Starch  analyses  on 
these  samples  correlated  very  well  with  both  the  organoleptic 
and  brine  flotation  grading.  The  relationship  between  pro¬ 
portion  of  sinkers  in  20  per  cent  brine  and  percentage  of 
starch  in  lima  beans  is  shown  as  an  example  in  Figure  3. 

Rapidity  of  the  Method 

Starch  in  a  single  sample  can  be  determined  in  20  to  30 
minutes  if  the  reagents  have  been  previously  prepared. 
Forty  to  50  samples  can  be  analyzed  for  starch  in  an  8-hour 
day  if  a  routine  is  established. 

Perchloric  Acid  Hazards 

There  is  no  danger  whatsoever  from  the  72  per  cent  per¬ 
chloric  acid  itself,  other  than  the  usual  hazards  of  strong 


acids.  The  cold  diluted  acid  is  a  very  poor  oxidizing  agent, 
as  is  evidenced  by  the  fact  that  it  will  not  release  iodine  from 
iodide  ion.  Hot  perchloric  acid,  however,  forms  unstable 
compounds  with  organic  material  and  for  this  reason  the 
treated  samples  should  never  be  heated.  Samples  have 
been  allowed  to  stand  in  the  laboratory  at  room  temperature 
and  to  dry  on  filter  paper  for  several  days  without  accident. 

Summary 

A  very  rapid  and  reasonably  accurate  method  for  the  deter¬ 
mination  of  starch  in  certain  vegetables  has  been  developed. 
It  includes  grinding  the  fresh  sample  in  a  Waring  Blendor- 
type  disintegrator,  extracting  the  starch  with  4.0  to  4.8  molal 
perchloric  acid,  and  estimating  by  photoelectric  colorimeter 
the  dissolved  starch  indicated  by  the  blue  color  produced 
with  iodine.  Alcohol  extraction  of  the  products  studied  was 
found  to  be  unnecessary.  The  use  of  a  red  filter  in  the 
colorimeter  considerably  reduces  the  error  produced  by 
dextrins  when  present. 
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Separation  of  Carotenes  from  Xanthophylls 

A.  J.  HAAGEN-S3VIIT,  C.  E.  P.  JEFFREYS,  and  J.  G.  KIRCHNER 
William  G.  Kerekhoff  Laboratories  of  the  Biological  Sciences,  California  Institute  of  Technology,  Pasadena,  Calif. 


THE  methods  which  have  been  most  generally  used  for  the 
separation  of  xanthophylls  from  carotenes  in  pro¬ 
vitamin  A  analysis' suffer  from  certain  disadvantages.  The 
separation  by  extraction  of  petroleum  ether  solutions  with 
85  to  90  per  cent  methanol  and  the  separation  on  various  ad¬ 
sorption  columns  are  time-consuming.  The  obvious  advan¬ 
tages  of  the  chromatographic  method  for  routine  work  are 
offset  by  the  difficulties  in  obtaining  adsorbents  of  uniform 
performance,  and  by  the  fact  that  there  always  appears  to 
be  some  loss  of  provitamin  A  material  on  the  columns. 

It  was  known  that  compounds  containing  conjugated 
double  bond  systems  such  as  occur  in  the  azulenes  ( 6 )  react 
with  85  per  cent  orthophosphoric  acid  to  form  blue  substances 
which  are  extracted  from  petroleum  ether  by  the  acid.  It 
was  thought  that  this  reaction  might  be  applied  to  carotene 
separations. 

Petroleum  ether  solutions  of  the  mixed  pigments  of  canned 
pineapple,  which  were  obtained  by  saponification  of  the  solid 
material  with  30  per  cent  potassium  hydroxide  in  methanol  for 
12  hours  at  3°  C.  and  extraction  with  petroleum  ether  (60  to  70°), 
were  treated  with  phosphoric  acid;  25-ml.  portions  of  the  petro¬ 
leum  ether  solution,  which  does  not  need  to  be  dried,  were  shaken 
with  4  to  5  ml.  of  85  per  cent  phosphoric  acid  in  a  25-ml.  glass- 
stoppered  graduate.  The  acid  layer  became  blue-green  in  color. 
The  absorption  curve  for  the  pigment  remaining  in  the  petroleum 
ether  solution  was  essentially  the  same  as  those  obtained  with 
carotene  solutions  which  had  been  purified  by  the  methanol  sep¬ 
aration  and  by  passage  through  magnesia  and  calcium  phos¬ 
phate  columns.  Figure  1  shows  a  group  of  such  curves  compared 
with  that  of  pure  /3-carotene  (S.  M.  A.  /3-carotene). 


The  xanthophvll  fraction  obtained  from  a  sample  of  these 
mixed  pigments  by  the  methanol  separation  was  transferred  into 
petroleum  ether  and  this  solution  was  treated  with  85  per  cent 
phosphoric  acid.  All  the  pigment  was  removed  from  the  petro¬ 
leum  ether  phase  and  converted  into  blue-green  substances  in  the 
acid  layer.  On  the  other  hand,  carotene  extracts,  purified  both 
by  the  methanol  separation  and  by  passage  through  magnesia  or 
calcium  phosphate  columns,  gave  no  apparent  reaction  when 
treated  in  the  same  manner  with  85  per  cent  phosphoric  acid. 
The  absorption  curves  of  such  extracts  were  not  appreciably 
altered  by  the  phosphoric  acid  treatment  (Figure  2).  The  devi¬ 
ation  of  the  curve  of  a  sample  of  phosphoric  acid-treated  /3-caro¬ 
tene  from  that  of  the  untreated  carotene  is  similar  to  that  ob¬ 
tained  with  extracts  of  natural  materials.  This  change  in  the 
absorption  of  the  pigments  is  undoubtedly  due  to  isomerization  of 
the  type  first  observed  by  Gillam  and  El  Ridi  (3,  Iff)  and  exten¬ 
sively  studied  by  Zechmeister  and  his  co-workers  ( 5 ,  7,  8,  9),  and 
by  Beadle  and  Zscheile  (2). 

Using  this  shortened  method,  results  were  obtained  on 
canned  pineapple  which  were  in  satisfactory  agreement  with 
those  of  biological  assays  (Table  I).  In  this  case  the  results 
can  be  expressed  as  units  of  vitamin  A,  since  chromato¬ 
graphic  adsorption  on  magnesia  showed  the  pigment  to  be 
homogenous,  and  the  absorption  curve  checked  that  of  ff- 
carotene  which  had  been  treated  with  phosphoric  acid. 

A  comparison  was  made  of  the  A.  O.  A.  C.  method  (7)  and 
the  phosphoric  acid  method,  and  since  carotene  has  a  slight 
solubility  in  90  per  cent  methanol  the  results  are  as  might 
be  expected  (Table  II).  In  each  case  the  phosphoric  acid 
method  gave  results  which  were  slightly  higher  than  those 
of  the  A.  O.  A.  C.  method. 
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Table  I.  Comparison  of  Phosphoric  Acid  Method  and 
Biological  Assay  for  Vitamin  A  Activity  of  Five  Brands  of 
Canned  Pineapple 


(International  units  per  100  grams) 


Brand 

H3PO4  Method 

Rat  Assay 
U.  S.  P. 

A 

135 

145 

B 

106 

125 

C 

129 

143 

D 

134 

138 

E 

135 

147 

Table  II.  Comparison  of  Phosphoric  Acid  and  A.  0.  A.  C. 


Methods 

A.  O.  A.  C. 

Sample 

H3PO4  Method 

Method 

7/100  g. 

7/ 1 00  g. 

1 

75.6 

66.0 

2 

111.5 

99.5 

3 

103.9 

97.3 

4 

66.0 

58.1 

5 

99.5 

90.0 

6 

97.3 

87.6 

Av.  92.3 

83.1 

Figure  1.  Comparison  of  Absorption  Curves 
of  /3-Carotene  Obtained  by  Various  Separa¬ 
tion  Methods  and  of  Pure  /3-Carotene 

I.  Adsorbed  on  Micron  Brand  magnesia 
II.  Separated  with  phosphoric  acid  reagent 

III.  Partition  between  petroleum  ether  and  90  per 

cent  methanol 

IV.  Pure  /3-carotene 

V.  Filtered  through  dicalcium  phosphate  column 

As  a  further  check  on  the  method,  samples  of  mixed  poultry 
feeds  were  saponified  and  extracted  by  the  A.  0.  A.  C.  pro¬ 
cedure.  These  extracts  were  treated  with  85  per  cent 
phosphoric  acid  and  the  absorption  curves  of  the  remaining 
pigments  in  the  petroleum  ether  solution  were  measured. 
The  curves  were  the  same  as  those  obtained  for  extracts 
separated  by  the  use  of  90  per  cent  methanol,  and  the  con¬ 
centrations  of  carotene  calculated  from  the  absorptions  at 
450  m g  were  in  agreement  (Table  III). 

Summary 

A  new  method  which  has  been  applied  to  the  purification 
of  carotene  extracts  in  the  determination  of  carotenes  in 
foods,  etc.,  makes  use  of  the  reaction  between  xanthophylls 
and  85  per  cent  orthophosphoric  acid  to  separate  the  latter 
from  carotene.  Results  agreed  satisfactorily  with  the  bio¬ 
logical  assays  and  also  with  the  A.  O.  A.  C.  method.  It  is 


Figure  2.  Absorption  Curve  of  /3-Carotene  before 

AND  AFTER  TREATMENT  WITH  PHOSPHORIC  ACID 
-  -  -  Pure  (3-carotene 

-  Pure  /3-carotene  after  shaking  with  phosphoric  acid 


Table  III.  Comparison  of  Phosphoric  Acid  and  A.  O.  A.  C. 
Methods  on  Mixed  Poultry  Feeds 


Sample 

H3PO4  Method 

A.  O.  A.  C 
Method 

7  /g- 

y/g- 

1 

13.3 

11.0 

2 

15.3 

12.4 

3 

13.8 

11.5 

more  rapid  than  the  A.  O.  A.  C.  method  and  probably  more 
accurate  for  analysis  of  material  of  low  or  average  carotene 
content.  This  is  due  to  the  loss  of  carotene  in  the  A.  0.  A.  C. 
method  occasioned  by  the  residual  solubility  of  carotene  in 
90  per  cent  methanol. 

When  the  spectrophotometer  is  used  it  is  preferable  to 
make  the  measurements  in  the  range  of  440  to  450  rn.fi,  since 
the  absorption  values  of  the  extracts  do  not  deviate  greatly 
from  those  of  /3-carotene.  As  in  all  analytical  methods,  this 
method  must  be  used  with  discretion,  as,  for  example, 
phosphoric  acid  will  not  remove  lycopene.  It  will  not 
separate  a-  and  /3-carotene,  and  in  such  cases  the  method 
would  yield  the  crude  carotene  content. 
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Chromogenic  Reagent  for  Vitamin  C 

Def  -minations 
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RECENT  studies  in  this  laboratory  have  sho,  that 
ferridipyridyl  sulfate  may  be  used  as  a  reat  t  for 
spectrophotometric  determination  of  vitamin  C.  ‘  e  re¬ 
agent  cannot  be  prepared  directly  by  reacting  u  /ridyl 
with  ferric  sulfate,  but  a  yellow-brown  solution  of  the  complex 
compound  may  be  obtained  by  oxidizing  ferrodipyridyl 
sulfate  with  ceric  sulfate.  Ferridipyridyl  ion  is  fairly  stable, 
and  on  reduction  with  vitamin  C  forms  the  extremely  stable 
pink  or  deep  red  ferrodipyridyl  ion.  With  ferridipyridyl  in 
excess,  the  ferrodipyridyl  formed  is  proportional  to  the  amount 
of  vitamin  C.  Beer’s  law  is  followed  over  a  wide  range, 
permitting  accurate  spectrophotometric  determination  of 
the  vitamin. 

The  reagent  oxidizes  ascorbic  acid  (molecular  weight 
176.12)  in  two  stages,  corresponding  to  equivalent  weights 
of  88.06  and  44.03,  at  widely  different  reaction  velocities. 
It  may  thus  be  possible  to  determine  vitamin  C  in  the  presence 
of  other  reducing  substances,  by  suitable  control  of  tempera¬ 
ture,  time,  and  concentration  of  the  reagent.  This  possi¬ 
bility  is  to  be  investigated  in  an  extension  of  the  present 
work  in  which  the  new  method  is  being  compared  with  other 
methods  for  ascorbic  acid  in  analyzing  a  series  of  increasingly 
complex  systems. 

Preparation  of  Reagents 

Sulfur  Dioxide  Solution.  Pass  washed  tank  sulfur  dioxide 
into  a  weighed  portion  of  distilled  water,  reweigh,  and  dilute  to 
obtain  a  1  per  cent  solution. 

Ceric  Sulfate  Solution.  Add  28  ml.  of  36  N  sulfuric  acid  to 
500  ml.  of  water.  Add  40  grams  of  commercial  ceric  sulfate,  stir 
until  dissolved,  filter  after  standing,  and  dilute  to  1000  ml. 

Aqua  Ammonia.  Bubble  commercial  anhydrous  ammonia 
into  distilled  water  until  a  4  N  to  6  N  solution  is  obtained.  Or- 
dinary  aqua  ammonia  is  not  suitable  even  when  distilled,  as  it 
contains  reducing  impurities.  Commercial  synthetic  anhydrous 
ammonia  produced  by  the  National  Ammonia  Co.  of  Philadelphia 
was  found  satisfactory. 

Ferrodipyridyl  Solution.  Dissolve  1.76  grams  of  ferrous 
ammonium  sulfate  hexahydrate  (Mohr’s  salt)  in  a  little  water  and 
add  10  ml.  of  1  per  cent  sulfur  dioxide  solution.  Make  to  about 
800  ml.,  add  2.50  grams  of  a,a:'-dipyridyl  (2,2 '-bipyridine)  and 
stir  until  this  has  dissolved.  Heat  to  boiling  (or  allow  to  stand 
overnight)  to  complete  the  reaction,  cool,  and  make  to  1000  ml. 
The  clear  red  ferrodipyridyl  solution  is  very  stable,  and  may  be 
used  as  a  stock  solution  for  preparing  the  ferridipyridyl  reagent 
in  smaller  portions. 

Ferridipyridyl  Reagent.  Heat  200  ml.  of  ferrodipyridyl 
solution  to  80°  C.  and  titrate  with  ceric  sulfate  solution  until  the 
color  changes  from  red  to  yellow;  about  11  ml.  of  0.08  N  ceric 
sulfate  are  required.  The  end  point  is  sharp  but  slow.  Back- 
titrate  with  1  per  cent  sulfur  dioxide  solution  to  restore  a  pink 
color. 

With  the  aid  of  a  pH  meter  adjust  the  solution  to  a  pH  of  3.6 
by  addition  of  aqua  ammonia,  avoiding  even  a  temporary  excess, 
which  may  cause  ferric  hydroxide  to  precipitate.  The  solution 
darkens  as  it  is  neutralized.  Finally  make  to  400  ml.  and  if  a 
precipitate  forms  allow  it  to  settle  out  overnight  and  use  the  clear 
supernatant  solution  as  the  reagent.  If  necessary,  add  sulfur 
dioxide  from  time  to  time  to  maintain  a  small  amount  of  ferro¬ 
dipyridyl  in  the  reagent.  The  effect  of  the  ferrodipyridyl  will  be 
eliminated  by  use  of  a  suitable  blank  as  a  reference  solution  in  the 
transmittance  measurements,  whereas  if  it  is  absent  an  error  may 
result.  A  check  on  this  adjustment  is  provided  by  the  blanks, 
which  should  be  faint  pink  in  color  rather  than  yellow.  The 
blanks  prepared  as  described  below  are  usually  stable  and  each 
one  may  be  used  for  all  transmittance  measurements  made  over  a 
period  of  2  or  3  days. 

Acetate  Buffer.  Make  60.0  ml.  of  glacial  acetic  acid  and 


10.00  grams  of  recrystallized  and  suitably  dried  sodium  acetate 
trihydrate  to  1  liter,  and  adjust  to  a  pH  of  3.6  by  further  small  ad¬ 
ditions  of  acid  or  salt. 

Analytical  Procedure 

The  following  procedure  is  general,  and  may  easily  be 
adapted  to  meet  particular  requirements.  The  essential 
accuracy  is  between  0.5  and  2  per  cent,  but  much  larger 
errors  may  result  from  sampling  difficulties,  oxidation  of 
the  vitamin,  and  the  presence  of  interfering  substances. 

The  solution  used  in  the  transmittance  measurements  must  be 
clear.  Clarification  may  be  effected  by  filtration  through  Pyrex 
or  platinum  filter  crucibles,  by  centrifuging,  or  sometimes  simply 
by  allowing  suspended  or  colloidal  material  to  settle  out.  This 
may  be  done  either  before  or  after  color  formation;  once  the 
color  has  been  fully  developed  it  remains  constant  for  days,  in 
most  cases. 

Spectrophotometric  Procedure.  Add  a  small  piece  of 
Congo  red  paper  to  an  aliquot  portion  of  the  analytical  solution 
containing  not  more  than  0.40  mg.  of  ascorbic  acid.  The  volume 
of  the  aliquot  should  be  such  as  to  permit  addition  of  reagents 
without  exceeding  the  specified  final  volume,  and  should  prefer¬ 
ably  be  small,  since  dilution  decreases  the  velocity  of  the  analyti¬ 
cal  reaction. 

Add  aqua  ammonia  until  the  color  of  the  indicator  paper  is  the 
same  as  that  of  a  similar  piece  in  a  buffer  of  pH  3.6.  The  pH  is 
not  critical,  but  should  probably  not  be  less  than  2.5  or  more  than 
4.0. 

Next  add  10  ml.  of  acetate  buffer  and  20  ml.  of  ferridipyridyl 
reagent  and  eventually  (see  below)  make  the  solution  to  a  volume 
of  exactly  100  ml.  The  four  critical  amounts  above  may  be 
halved  or  quartered  without  changing  the  transmittance-concen¬ 
tration  curve,  as  a  matter  of  convenience  or  economy:  <*,«'- 
dipyridyl  is  somewhat  expensive.  Moreover,  the  ferridipyridyl 
reagent  addition  specified  represents  a  fivefold  excess  over  the 
maximum  ascorbic  acid  concentration  measurable  with  1.308- 
cm.  cuvettes  and  might  be  reduced  in  some  cases,  the  blank 
being  changed  accordingly. 

Constant  color  may  be  attained  to  permit  readings  within  30 
to  60  minutes  by  heating  the  solution  between  70°  and  80°  C.  for 
at  least  25  minutes  before  cooling  and  dilution  to  final  volume. 
Some  systems — often  those  in  which  the  reagent  has  been  con¬ 
siderably  diluted  by  the  aliquot — become  cloudy  if  heated  too 
long  or  at  too  high  a  temperature,  but  usually  give  correct  re¬ 
sults  after  clarification.  Alternatively,  constant  color  may  be  de¬ 
veloped  by  allowing  the  solution  to  stand  at  room  temperature 
for  12  to  48  hours  before  dilution  to  final  volume;  this  period  of 
standing  may  conveniently  be  used  to  remove  suspended  or 
colloidal  material.  In  either  case  the  vitamin  is  oxidized  to  thre- 
onic  acid  and  oxalic  acid. 

Transmittance  readings  made  between  10  and  40  minutes 
after  adding  the  chromogenic  agent,  with  solutions  kept 
at  room  temperature,  indicate  in  many  cases  that  the  analyti¬ 
cal  reaction  has  proceeded  almost  exactly  to  the  dehydro- 
ascorbic  acid  stage.  This  suggests  that  dehydroascorbic 
acid  is  formed  rapidly  and  later  oxidized  more  slowly  to  the 
other  acids.  Several  interesting  and  perhaps  useful  im¬ 
plications  of  this  observation  are  more  or  less  evident. 

When  constant  color  has  been  attained,  make  duplicate  trans¬ 
mittance  readings  with  two  successive  portions  of  the  solution  at 
a  wave  length  of  510  millimicrons.  Use  as  a  reference  solution 
a  blank  containing  5  ml.  of  the  buffer  and  10  ml.  of  the  reagent  per 
50  ml.  Using  the  median  transmittance  found,  read  the  result  of 
the  analysis  from  a  previously  prepared  graph. 

In  the  present  work  calibration  data  were  obtained  with  a 
Coleman  Model  10-S-30  spectrophotometer  equipped  with  square 
cuvettes  1.308  cm.  in  depth,  using  freshly  prepared  standard 
solutions  made  at  separate  times  over  an  extended  period  with 
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pure  crystalline  ascorbic  acid  from  three  different  sources.  An 
independent  and  most  accurate  calibration  was  derived  by 
calculating  the  transmittance-concentration  curve  for  ascorbic 
acid  as  ferrodipyridyl  from  an  accurately  established  trans¬ 
mittance-concentration  curve  for  iron  as  ferrodipyridyl,  through 
the  iron  equivalent  of  ascorbic  acid.  All  measurements  were 
made  at  temperatures  between  28°  and  32°  C. 

The  various  calibrations  in  which  the  ascorbic  acid  was 
oxidized  to  threonic  and  oxalic  acids  are  best  represented 
by  a  straight  line  passing  through  the  points  (T  =  100.0, 
C  =  0.000)  and  ( T  =  10.0,  C  =  0.400)  where  T  is  the  per¬ 
centage  transmittance  of  the  solution  relative  to  the  blank 
plotted  on  a  logarithmic  scale,  and  C  is  the  ascorbic  acid 
concentration  jn  milligrams  per  100  ml.,  plotted  on  an 
arithmetical  scale.  The  less  well  established  line  for  oxidation 
to  the  dehydroascorbic  acid  stage  passes  through  the  point 
(T  =  10.0,  C  =  0.80). 

Colorimetric  Procedure.  Colorimetric  measurements 
may  be  made  by  comparing  analytical  solutions  obtained 


as  described  above  with  standards  of  similar  composition 
prepared  in  the  same  manner  and  at  the  same  time. 

Applications  of  the  Reagent 

So  far  the  new  reagent  has  been  used  mainly  in  assaying 
commercial  ascorbic  acid,  citrus  fruit  juices,  and  dried  foods 
for  ascorbic  acid.  It  doubtless  may  also  be  used  in  deter¬ 
mining  other  substances  capable  of  reducing  it  quantitatively. 
However,  both  large  and  small  concentrations  of  such  com¬ 
mon  reducing  agents  as  arsenious  acid,  formaldehyde, 
acetaldehyde,  methyl  alcohol,  and  formic  acid  do  not  reduce 
the  reagent,  either  in  hot  or  cold  solution,  and  0.4  mg.  of 
oxalic  acid  dihydrate  or  200  mg.  of  citric  acid  per  100  ml. 
have  little  or  no  effect  on  the  reagent  even  in  systems  heated 
to  80°  C.  Sulfur  dioxide  reduces  the  reagent  rapidly,  but 
in  small  concentrations  does  not  produce  equivalent  quantities 
of  ferrodipyridyl  when  treated  by  the  procedure  used  for 
ascorbic  acid. 


Photometric  Determination  of  Reduced 
and  Total  Ascorbic  Acid 

MELVIN  HOCHBERG,  DANIEL  MELNICK,  AND  BERNARD  L.  OSER 
Food  Research  Laboratories,  Inc.,  Long  Island  City,  N.  Y. 


THE  most  widely  used  procedures  for  the  determination 
of  reduced  ascorbic  acid  depend  on  its  oxidation  to  dehy¬ 
droascorbic  acid.  Rapid  titration  of  an  acid  extract  with  a 
standardized  solution  of  the  sodium  salt  of  2,6-dichloro- 
phenolindophenol  yields  accurate  values  for  products  rich  in 
ascorbic  acid  and  relatively  free  from  interfering  reducing  sub¬ 
stances.  The  photometric  method  (2,  3,  15)  has  made  pos¬ 
sible  analyses  of  colored  or  turbid  solutions  even  in  the  pres¬ 
ence  of  other  reducing  substances.  This  procedure  involves 
measurement  in  a  photoelectric  colorimeter  of  the  progressive 
reduction  of  an  excess  of  the  dye. 

Dehydroascorbic  acid,  the  biologically  active,  reversibly 
oxidized  form  of  the  vitamin,  must  be  reduced  before  it  can  be 
determined  by  any  of  the  dye  methods.  Hydrogen  sulfide  is 
usually  used.  A  microbiological  reduction  of  dehydroascor¬ 
bic  acid  employing  a  suspension  of  Bacterium  coli  has  been 
described  ( 5 ).  However,  this  fails  for  some  food  materials. 

In  this  report,  a  modification  of  the  photoelectric  colori¬ 
metric  methods  of  Bessey  ( 2 )  and  Evelyn,  Malloy,  and  Rosen 
(3)  is  presented.  Fundamental  studies  of  the  applicability  of 
the  method  to  the  determination  of  reduced  and  dehydroascor¬ 
bic  acids  in  a  variety  of  biological  materials  were  carried  out. 
Evidence  is  submitted  for  the  superiority  of  the  photometric 
method  over  the  visual,  the  necessity  for  including  dehydro¬ 
ascorbic  acid  in  the  estimation  of  “vitamin  C”,  and  the  proper 
procedures  which  should  be  observed  in  partitioning  vitamin 
C  between  the  reduced  and  dehydro  forms. 

Ascorbic  Acid  Determination,  Biological  Materials 

Apparatus.  A  direct-reading  photoelectric  colorimeter  with 
a  520-millimicron  filter.  (A  null-point  instrument  cannot  be 
used.  The  direct  reading  galvanometer  must  be  critically  damped 
and  have  a  short  period.  The  time  required  to  swing  from  0  to  100 
and  become  stable  should  not  b.e  more  than  3  seconds.  An 
Evelyn  photoelectric  colorimeter,  manufactured  by  the  Rubicon 
Co.,  Philadelphia,  Penna.,  has  proved  very  satisfactoiy.) 
Interchangeable  test  tubes  for  the  colorimeter. 

A  pipet  delivering  exactly  5  cc.  of  an  aqueous  solution  in  less 
than  1  second.  This  is  easily  constructed  from  a  5-cc.  transfer 
pipet  as  illustrated  in  Figure  1. 


Reagents.  The  metaphosphoric  acid  and  citrate  solutions 
described  by  Bessey  {2,  16). 

A  stock  2,6-dichlorophenolindophenol  reagent  containing 
approximately  10  mg.  per  500  cc.  The  photometric  density  of 
5  cc.  of  the  dye  plus  5  cc.  of  the  citrate-metaphosphoric  acid 
buffer  at  pH  3.5  is  adjusted  to  read  exactly  0.398  (transmis¬ 
sion  =  40.0  per  cent)  by  dilution  of  the  dye  with  water.  (The 
galvanometer  is  first  set  at  0.0  for  zero  transmission,  and  100.0 
for  a  solution  containing  5  cc.  of  the  buffer  at  pH  3.5  and  5  cc. 
of  dye,  to  which  a  crystal  of  ascorbic  acid  is  added  for  complete 
decolorization.) 

Procedure.  All  manipulations  are  conducted  under  an 
atmosphere  of  nitrogen,  and  all  extractions  and  dilutions  are  made 
with  solutions  previously  deaerated  with  a  stream  of  nitrogen. 
This  precaution  is  necessary  if  reduced  ascorbic  acid  is  to  be 
determined  but  not  if  only  the  total  vitamin  C  content  is  of 
interest. 


A  representative  sample  is  dropped  into  an  equal  weight  of  6 
per  cent  metaphosphoric  acid  solution,  and  macerated  mechani¬ 
cally.  (A  Waring  Blendor  has  proved  most  satisfactory.  One 
minute  at  high  speed  gives  an  excellent  homogeneous  mixture 
of  most  food  substances.)  For  complete  inhibition  of  the  oxi¬ 
dase  in  some  vegetables,  it  is  necessary  to  add  large  segments  of 

the  sample  directly  to  boiling  6 
per  cent  metaphosphoric  acid, 
n  (Boiling  converts  metaphosphoric 

acid  in  part  to  orthophosphoric 
r^hj— 8TDPrnrU'  acid,  the  latter  solution  having 

a  lower  pH.  This,  however,  has 
little  effect  on  the  final  pH,  for 
subsequent  dilutions  are  made 
with  fresh  metaphosphoric  acid.) 
In  such  a  medium  the  action 
of  oxidative  enzymes  is  inhibited. 
After  boiling  for  5  minutes,  the 
contents  are  cooled,  transferred 
to  a  Waring  Blendor,  and  then 
macerated. 

By  use  of  this  technique  as 
much  as  150  grams  of  material 
may  be  taken  for  analysis.  The 
desirability,  and  in  many  cases 
the  necessity,  of  using  such  large 
quantities  for  proper  sampling  are 
obvious.  This  procedure  is  better 
than  averaging  a  series  of  repli¬ 
cate  tests  on  very  small  portions  of 
the  test  material  (7). 


-STOPCOCK 

-PIPET 

-STIRRER 

COLORIMETER 

TUBE 


Figure  1.  Pipet  Used 
for  Addition  of  Ascor¬ 
bic  Acid  Extract  to 
Dye  Solution 
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An  aliquot  of  the  uniform  suspension  is  drawn  off  and  diluted 
with  3  per  cent  metaphosphoric  acid  until  the  total  solids  content 
of  the  sample  in  suspension  is  10  per  cent  or  less.  The  samples 
are  shaken  mechanically  for  15  minutes  and  then  centrifuged. 
The  extract  is  then  buffered  at  pH  3.5  by  adding  14  cc.  of  the 
citrate  solution  to  50  cc.  of  extract.  Using  graduated  pipets,  a 
rough  visual  titration  is  made  to  determine  the  volume  of  extract 
necessary  to  decolorize  5  cc.  of  the  dye.  Diluting  this  volume  to 
10  cc.  with  citrate-metaphosphoric  acid  buffer  generally  gives  the 
optimal  concentration  for  measurement  in  the  photoelectric  color¬ 
imeter.  A  testing  range  of  2  to  6  micrograms  per  cc.  is  considered 
optimal.  Smaller  concentrations  cause  insufficient  reduction  of 
the  dye  and  hence  give  less  precise  results.  Larger  concentra¬ 
tions  are  to  be  avoided  because  the  quantity  of  dye  becomes  a 
limiting  factor  and  also  because  accurate  galvanometer  readings 
at  the  5-second  point  are  difficult  when  the  transmission  values 
are  increasing  rapidly. 

Total  ascorbic  acid  (reduced  plus  dehydro)  is  determined  by  a 
slight  modification  of  Bessey’s  procedure  (2).  To  25  cc.  of  an 
extract  buffered  at  pH  3.5,  6  drops  of  caprylic  alcohol  are  added, 
and  the  solution  is  treated  writh  a  slow  stream  of  hydrogen  sulfide 
for  20  minutes.  After  2  hours’  standing  in  the  closed  system, 
the  excess  hydrogen  sulfide  is  removed  by  streaming  wet  nitrogen 
through  the  solution  for  2  hours. 

For  the  photometric  measurement  the  colorimeter  tube  is 
placed  in  the  instrument  and  5  cc.  of  the  standard  dye  solution 
are  introduced.  The  special  pipet  is  filled  with  buffered  extract, 
and  with  stirrer  lowered,  the  assembly  is  placed  on  the  tube  as 
shown  in  Figure  1.  The  stopcock  is  opened,  and  2  seconds  later 
the  assembly  is  lifted  out  of  the  tube.  Galvanometer  readings 
are  taken  exactly  5  and  10  seconds  after  the  stopcock  is  opened. 
The  absorption  of  the  reaction  mixture  due  to  extraneous  pig¬ 
ments  and  turbidities  (the  blank)  is  then  obtained  by  adding  a 
crystal  of  ascorbic  acid  to  complete  the  decolorization  of  the  dye. 


PHOTOMETRIC 

DENSITY 


ASCORBIC  ACID 
microqrdms  per  cc 


Figure  2.  Progressive  Decolorization  of 
Dye  with  Increasing  Concentrations  of 
Ascorbic  Acid 


Reaction  Rate  between  Dye  and  Ascorbic  Acid.  Fig¬ 
ure  2  shows  the  rate  of  fading  of  the  standard  dye  when  it  is 
mixed  with  solutions  of  ascorbic  acid  containing  1  to  10  mi- 
crograms  per  cc.  Readings  were  also  taken  beyond  10  sec¬ 
onds  for  study  of  the  reaction  rate.  In  solutions  containing 
less  than  2  micrograms  of  ascorbic  acid  per  cc.,  the  reaction 
with  the  dye  is  almost  instantaneous — i.  e.,  complete  in  5 
seconds.  Between  2  and  5  micrograms  the  reaction  is  incom¬ 
plete  at  the  end  of  5  seconds  but  is  complete  at  10  seconds. 
For  6  micrograms  fully  15  seconds  are  required  for  completion 
of  the  reaction,  and  concentrations  from  7  to  8  micrograms 
fail  to  react  completely  within  the  30-second  observation 
period.  Thus  a  concentration  of  ascorbic  acid  of  8  micro¬ 
grams  per  cc.,  theoretically  capable  of  completely  reducing 
the  dye,  fails  to  do  so  after  30  seconds.  Only  when  an  excess 
of  the  vitamin  is  present,  at  least  9  micrograms  per  cc.,  is  com¬ 
plete  reduction  of  the  dye  observed  during  this  period. 

In  the  absence  of  the  vitamin,  the  fading  rate  of  the  dye  at 
pH  3.5  is  approximately  one  tenth  of  a  “per  cent  transmission 
unit”  per  5  seconds.  Accordingly,  the  reaction  with  the  vita¬ 
min  is  considered  complete  when  the  rate  of  fading  is  equal  to 
or  less  than  this.  In  that  case  the  extent  of  decolorization  of 
the  dye  is  observed  to  be  proportional  to  the  concentration  of 
ascorbic  acid  in  the  extract  (from  0  to  6  micrograms  per  cc. 
during  the  30-second  period). 

In  the  equation 

A  =  CD 

where  A  is  the  concentration  of  ascorbic  acid  in  the  buffered 
extract,  and  D  is  the  decrease  in  photometric  density  of  the 
dye  at  the  completion  of  the  reaction,  C  is  found  to  be  19.9 
micrograms  per  cc.  per  unit  of  photometric  density.  Thus 
from  a  measurement  of  the  decrease  in  the  photometric  den¬ 
sity  at  any  given  instant,  it  is  possible  to  calculate  the  extent 
of  reaction  at  that  time. 

The  reaction  rate  constant,  k,  for  a  second  order  reaction 
may  be  expressed  by  the  equation 

_  1  ,  [B(A  -  X)] 

(A  -  B)t  logl°  [A(B  -  X )] 


where  A  is  the  initial  concentration  of  ascorbic  acid  in  the  re¬ 
action  solution,  B  is  the  initial  dye  concentration  also  in  the 
reaction  solution,  and  X  is  the  total  decrease  in  concentration 
of  each  of  the  reacting  components  at  any  instant.  From  the 
data  used  in  plotting  Figure  2,  the  value  of  k  may  be  calcu¬ 
lated  for  each  of  the  concentrations  tested.  Expressing  the 
concentration  of  the  dye,  B,  in  terms  of  its  ascorbic  acid  equiv¬ 
alent  in  micrograms  per  cc.,  A  and  X  also  in  micrograms  per 
cc.,  and  t  in  seconds,  the  value  for  k  is  found  to  be  0.099  ± 
0.015  at  25°  C.  and  pH  3.5.  This  constant  is  confirmed  by 
measurements  with  dye  solutions  of  one  third,  one  half,  and 
twice  the  concentrations  of  the  standard  dye.  (Because  of 
the  nature  of  the  data  the  reaction  constant  is  subject  to  much 
greater  error  than  the  ascorbic  acid  concentration  calculated 
from  the  same  data.  The  average  deviation  of  the  value  for 
k  was  =±=10  per  cent,  and  k  may  be  in  error  by  15  per  cent; 
this  value,  however,  is  considered  uniform  for  a  reaction  rate 
constant  of  the  type  measured  here.) 

The  results  of  the  study  plotted  in  Figure  2  and  supported 
by  the  reaction  constant  calculated  therefrom  constitute  good 
evidence  that  the  reaction  between  ascorbic  acid  and  the  dye 
is  not  instantaneous  as  has  been  claimed  (7),  and  that  the  ob¬ 
served  drift  in  galvanometer  readings  is  due  to  incomplete 
reaction  at  the  time  of  recording. 

To  avoid  the  complications  arising  from  the  fact  that  the 
reaction  between  dye  and  ascorbic  acid  is  not  instantaneous, 
two  procedures  were  adopted  by  previous  investigators  for  the 
measurement  of  the  vitamin  in  biological  extracts.  One  tech¬ 
nique  ( 2 ,  15)  involves  taking  readings  at  15  and  30  seconds, 
neglecting  the  course  of  the  reaction  up  to  the  first  15-second 
reading.  However,  results  presented  below  indicate  that 
many  nonspecific  reducing  substances  react  to  a  considerable 
extent  in  15  seconds,  so  that  extrapolation  of  the  15-  and  30- 
second  readings  obtained  with  extracts  containing  such  sub¬ 
stances  yields  erroneously  high  “ascorbic  acid”  values.  A 
second  alternative  has  been  to  take  readings  every  5  seconds 
(3)  and  to  correct  for  the  nonspecific  reductants  by  extrapola¬ 
tion  of  the  curve  to  zero  time.  This  is  a  highly  questionable 
procedure,  for  theoretically  all  curves  should  extrapolate  to 
zero  concentration  of  ascorbic  acid  at  zero  time  because  the 
reaction  is  not  instantaneous. 
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Figure  3.  Nomogram  for  Estimation  of  Ascorbic  Acid 
Concentration  of  Extract 


Photometric  density  of  blank  is  subtracted  from  those  of  test  solution  at 
5  and  10  seconds.  Straight-line  extrapolation  of  corrected  photometric 
densities  gives  vitamin  concentration. 


Calculation  of  Results.  Anomogram  (Figure  3)  has  been 
constructed  to  facilitate  the  estimation  of  the  concentration  of 
ascorbic  acid  in  an  extract.  From  the  photometric  densities 
of  the  test  solutions  at  5  and  10  seconds  is  subtracted  that  of 
the  blank,  and  a  straight-line  extrapolation  of  the  corrected 
photometric  densities  gives  the  vitamin  concentration. 

The  nomogram  was  calibrated  using  the  0-,  5-,  and  10- 
second  values  in  Figure  2.  This  nomogram  is  merely  illus¬ 
trative  and  is  not  intended  to  be  universally  applicable.  Each 
analyst  should  construct  such  a  nomogram  from  data  obtained 
in  his  own  laboratory. 

The  extrapolation  assumes  that  when  two  or  more  reducing 
substances  are  present  their  reaction  curves  (the  residual 
photometric  density  of  the  dye  plotted  against  time)  are  ad¬ 
ditive.  If  other  reducing  substances  are  present  which  react 
bimolecularly  with  the  dye,  as  ascorbic  acid  does,  the  rate  of 
disappearance  of  the  dye  is  given  by 

=*&*  -  E  K<  ™  ™ 

where  [Dye]  is  the  concentration  of  the  dye  at  any  instant* 
[R<]  is  the  concentration  of  each  reducing  substance,  and  K% 
is  its  bimolecular  reaction  constant.  The  rate  of  reaction  in  a 
complex  mixture  is  thus  a  function  of  the  concentrations  of 
both  the  reducing  substances  and  the  dye.  If  a  very  large 
excess  of  dye  were  present,  the  reaction  rate  of  each  constitu¬ 
ent  in  the  mixture  would  be  unaffected  by  the  reaction  of  the 
other  constituents;  but  with  only  a  small  excess  of  dye,  the 
reaction  of  each  reducing  agent  decreases  the  dye  concentra¬ 
tion  sufficiently  to  affect  significantly  the  reaction  rates  of  the 
other  constituents.  Actual  tests  have  been  conducted  on  mix¬ 
tures  of  ascorbic  acid  and  other  reducing  substances,  using 
the  procedure  described  in  this  report  and  reported  more 


fully  below.  These  indicate  that  the  negative  error  in  the  cal¬ 
culated  ascorbic  acid  values  arising  from  this  cause  is  of  the 
order  of  only  a  few  per  cent  and  is  usually  masked  by  the 
small  positive  error  due  to  these  interfering  substances. 

Comparison  of  Photometric  and  Titrimetric 
De  terminations 

The  photometric  method  described  above  was  compared 
with  visual  titration  of  8  per  cent  acetic  plus  2.5  per  cent 
metaphosphoric  acid  ( 8 )  extracts  of  biological  materials.  The 
results  are  given  in  Table  I.  Agreement  between  the  two 
methods  is  excellent  for  fresh  orange  juice,  fresh  tomato  juice, 
and  a  pharmaceutical  vitamin  tablet.  These  products  con¬ 
tain  no  appreciable  amounts  of  nonspecific  indophenol-reduc- 
ing  substances.  For  the  other  samples,  however,  the  results 
differ  considerably.  Large  discrepancies  in  the  ascorbic  acid 
values  of  the  dehydrated  products  are  noted.  The  vitamin 
capsule  was  manufactured  6  months  before  analysis  and  at 
the  time  of  manufacture  contained  35  mg.  of  ascorbic  acid  and 
15  mg.  of  iron  as  ferrous  sulfate.  The  results  obtained  with 
the  capsule  and  the  control  solutions  do  not  support  the  find¬ 
ing  of  Harris  and  Olliver  (7)  of  no  reduction  of  the  dye  by  fer¬ 
rous  ion.  In  the  photometric  method  extrapolation  of  the  5- 
and  10-second  values  reduces  the  interference  of  ferrous  ion 
to  one  tenth  of  that  evident  in  the  visual  titration.  Woessner, 
Elvehjem,  and  Schuette  (21)  state  “the  ferrous  ion  reacts 
instantaneously  with  indophenol”.  However,  in  that  study 
readings  were  taken  only  at  15  and  30  seconds.  From  the  re¬ 
action  curves  for  ferrous  sulfate  in  Figure  4,  it  is  apparent 
that  a  similar  conclusion  might  be  drawn  from  the  authors’ 
data  if  the  5-  and  10-second  readings  were  omitted.  Ferrous 


Table  I.  Comparison  of  Reduced  Ascorbic  Acid  Values  as 
Determined  Photometrically  and  Titrimetric  ally0 


Photo¬ 

Titri¬ 

Material 

metric 

metric  & 

Mg. 

Mg. 

Fresh  orange  juice,  per  100  grams 

49 

48 

Fresh  tomato  juice,  per  100  grams 

Vitamin  tablet,  per  tablet 

Canned  tomato  soup,  per  100  grams  (after  1  +  1 

17 

17 

17 

18 

dilution) 

2.0 

3.5 

Experimental  dehydrated  tomato  soup,  per  100 
grams 

30 

Fresh  sample 

After  storage  c 

26 

No.  1 

9 

24 

No.  2 

7 

24 

No.  3 

10 

23 

No.  4 

8 

22 

Vitamin  capsule  containing  FeSCh,  per  capsule 

21 

45 

FeSCh  solution  (10  mg.  as  Fe  +  +),  per  sample 
Ascorbic  acid:FeSOi  solution  (10  mg.:10  mg.  as 

1.5 

154 

Fe  +  +),  per  sample 

11 

24.5 

°  Using  2,6-dichlorophenolindophenol  dye. 

&  Solvent  =  8  per  cent  acetic  acid,  2.5  per  cent  metaphosphoric  acid. 
c  One  week  at  37°  C.  at  90  per  cent  humidity. 

d  This  figure  was  also  obtained  using  5  per  cent  metaphosphoric  acid  as 
solvent. 


Table  II.  Reduced  Ascorbic  Acid  in  Experimental  Dehy¬ 
drated  Tomato  Soups  by  Photometric  Method® 


Sample 

Initial 

Test 

Incubated  1  Week,  Incubated  2  Weeks, 

37°  C.,  90%  Humidity  37°  C.,  90%  Humidity 

1 

26.2 

Mg.  per  100  grams 

8.7 

1.2 

2 

28.4 

7.1 

2.1 

3 

21.3 

9.8 

0.3 

4 

27.2 

7.7 

1.2 

a  These  samples  had  been  judged  by  visual  titration  to  be  stable  during 
the  periods  of  storage,  the  ascorbic  acid  values  approximating  30  mg.  per  100 
grams.  However,  organoleptic  and  colorimetric  tests  supported  the  con¬ 
clusions  drawn  from  the  photometric  values.  Discrepancies  in  the  figures  ob¬ 
tained  by  the  two  assay  procedures  were  not  so  great  when  the  tests  were  con- 
ducted  on  subsequent  products  of  improved  stability  in  vitamin  content  and 
palatability. 
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iron  is  oxidized  by  atmospheric  oxygen  much  more  readily 
than  ascorbic  acid  in  the  dilute  solution  used  for  photometric 
measurement.  Therefore,  in  order  to  demonstrate  the  inter¬ 
ference  of  ferrous  iron,  it  is  essential  to  exclude  air  from  all 
solutions. 

Visual  titration  with  2,6-dichlorophenolindophenol  is  fre¬ 
quently  used  to  follow  the  fate  of  ascorbic  acid  in  foods  during 
processing  and  storage.  The  assumption  is  made  that  the 
concentration  of  interfering  reducing  substances  is  small,  and 
is  constant  in  the  consecutive  analyses.  In  the  early  stages  of 
the  development  of  a  dehydrated  tomato  soup,  visual  titra¬ 
tions  were  used  for  control  purposes  for  estimating  reduced 
ascorbic  acid.  The  results  indicated  the  vitamin  to  be  stable 
during  the  holding  tests.  When  the  photometric  method  was 
employed,  very  rapid  destruction  of  the  vitamin  was  observed. 
Typical  values  are  listed  in  Table  II.  Apparently,  other  dye- 
reducing  substances  were  formed  during  the  storage  period, 
and  these  were  estimated  as  ascorbic  acid  by  the  titrimetric 
method.  The  same  conclusion  was  reached  in  studies  con¬ 
ducted  by  others  {12A,  19A)  on  dehydrated  potatoes. 

Importance  of  Including  Dehydroascorbic  Acid  in 
Determining  Vitamin  C  Content 

Total  ascorbic  acid  of  the  dehydrated  soups  was  also  deter¬ 
mined  by  the  photometric  method.  The  results  in  Table  III 
indicate  that  failure  to  determine  dehydroascorbic  acid 
causes  the  apparent  loss  of  the  vitamin  to  be  much  greater 
than  that  which  actually  occurred.  The  reaction  curves  for 
these  samples  have  been  plotted  in  Figure  5,  after  calculations 
to  eliminate  the  effects  of  the  ascorbic  acid  present.  This  al¬ 
lows  graphic  presentation  of  the  progressive  formation  of 
other  dye-reducing  substances  on  storage.  These  compounds 
react  slowly  with  the  dye  to  give  falsely  high  visual  titrations. 
This  interference  is  even  greater  after  the  hydrogen  sulfide 
treatment. 


FERROUS  SULFATE 


REACTION  TIME 

Figure  4.  Reaction  Rate  Curves  for  Dye  and  Ferrous 

Ion 

With  and  without  added  ascorbic  acid.  Initial  photometric  density  of 
dye  is  0.398. 


In  Table  III  ascorbic  acid  analyses  of  a  number  of  other 
foods  by  the  photometric  method  are  also  presented.  In  the 
canned  grapefruit  juice,  canned  pineapple  juice,  and  vitamin 
tablet,  very  little  dehydroascorbic  acid  was  found.  The  same 
was  true  of  the  tomato  juice  and  orange  juice  when  fresh,  but 
after  processing,  appreciable  amounts  of  the  oxidized  form  of 
the  vitamin  appeared.  After  2  weeks’  storage  at  37°  C.,  85 
per  cent  of  the  ascorbic  acid  in  the  two  dehydrated  tomato 
soups  and  26  per  cent  of  that  in  the  concentrated  orange  juice 
were  in  the  biologically  active,  oxidized  form. 
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Figure  5.  Development  of  Dye-Reducing  Sub¬ 
stances  in  Dehydrated  Tomato  Soup  during  Holding 

Tests 

Initial  photometric  density  of  dye  is  0.398. 


Factors  Operating  to  Convert  Reduced  to 
Dehydroascorbic  Acid 

Dehydroascorbic  acid  may  be  present  in  foods  at  the  time 
of  analysis,  as  shown  in  Table  III,  or  it  may  arise  in  the  course 
of  analysis  from  oxidation  of  reduced  ascorbic  acid.  A  funda¬ 
mental  precaution  in  the  analysis,  if  a  reliable  value  for  re¬ 
duced  ascorbic  acid  is  to  be  obtained,  is  the  prevention  of  at¬ 
mospheric  oxidation  which  is  accelerated  by  oxidases  and 
copper,  especially  with  increasing  temperature.  Preparations 
of  composite  samples  and  of  extracts  are  sometimes  lengthy 
procedures,  so  that  considerable  oxidation  of  reduced  ascorbic 
acid  may  occur  if  precautions  are  not  taken. 

In  the  analysis  of  a  composite  of  a  daily  diet,  the  constituents 
were  mixed  with  solid  carbon  dioxide,  and  the  mixture  was  ground 
several  times  to  produce  a  homogeneous  semisolid  mass.  The 
manipulations  required  2  hours,  but  at  all  times  the  temperature 
was  maintained  at  less  than  0°  C.  Photometric  analysis  for 


Table  III.  Reduced,  Dehydro,  and  Total  Ascorbic  Acid 
in  Biological  Materials  Determined  by  the  Photometric 

Method 


Material 


Canned  grapefruit  juice,  per  100  cc. 

Canned  pineapple  juice,  per  100  cc. 

Vitamin  tablet,  per  tablet 
Fresh  tomato  juice,  per  100  grams 
Fresh  orange  juice,  per  100  grams 
Raw,  fresh  string  beans,  per  100  grams 

Orange  sirup  2,  per  100  grams 

Stored  2  weeks,  42°  C.,  per  100  grams 

Experimental  dehydrated  tomato0,  per  100 
grams 

Experimental  dehydrated  tomato  soup  & 

(No.  1),  per  100  grams 
Stored  1  week,  37°  C. 

Stored  2  weeks,  37°  C. 

Experimental  dehydrated,  tomato  soupb 
(No.  2),  per  100  grams 
Stored  1  week,  37°  C. 

Stored  2  weeks,  37°  C. 

Dehydrated  potato,  per  100  grams 
Dehydrated  banana,  per  100  grams 
Potato  chips  c,  per  100  grams 

Pasteurized  milk,  per  quart 
Evaporated  milk,  per  quart 
Milk  powder,  per  100  grams 

Composite  diet,  freshly  prepared  at  less  than 
0°  C.  under  CO2,  per  2710  calories 


Ascorbic  Acid 


Reduced 

Dehydro 

Total 

Mg. 

Mg. 

Mg. 

40 

1 

41 

35 

0 

35 

17 

1 

18 

17 

1 

18 

49 

0 

48 

17 

6 

23 

30 

4 

34 

23 

8 

31 

62 

11 

73 

26 

6 

32 

9 

6 

15 

1 

6 

7 

27 

5 

32 

8 

6 

14 

1 

6 

7 

0 

0 

0 

2.5 

0.8 

3.3 

11 

5 

16 

0 

3.6 

3.6 

0 

0 

0 

2.3 

0 

2.1 

0 

115 

115 

0  Represents  12-fold  concentration  of  tomato  solids. 
t  Represents  5-fold  concentration  of  tomato  solids. 

c  In  preparation  of  potato  chips  a  3.5-fold  concentration  of  solids  occurred. 
Thus,  actual  loss  of  ascorbic  acid  in  making  this  product  is  calculated  to  be 
approximately  80  per  cent. 
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Table  IV.  Influence  of  Temperature  in  the  Determi¬ 
nation  of  Reduced  and  Total  Ascorbic  Acid  in  Dehydrated 

Tomatoes0 

(Values  expressed  in  mg.  per  100  grams  of  sample) 


Ascorbic 

Acid 

Initial 

1  Hour 

3  Hours 

5  Hours 

- At  0°  C.— 

Reduced 

54 

54 

52 

51 

Dehydro 

9 

9 

13 

14 

Total 

63 

63 

65 

65 

. - At  Room  Temperature - ■ 

Reduced 

54 

46 

40 

38 

Dehydro 

9 

12 

22 

24 

Total 

63 

58 

62 

62 

a  This  product,  representing  a  12-fold  concentration  of  tomato,  was  free 
from  enzymes,  but  contained  approximately  50  p.  p.  m.  of  copper.  Acid 
extracts  were  allowed  to  stand  for  periods  indicated. 


Table  V.  Influence  of  Atmospheric  Oxygen  in  the  Deter¬ 
mination  of  Reduced  and  Total  Ascorbic  Acid  in  Dehy¬ 
drated  Tomato  Soups 


Sample 

Ascorbic  Acid 

No. 

Experiment 

Reduced 

Dehydro 

Total 

Mg.  ver  100  grains 

A-l 

Extracting  buffer  saturated  with  air; 

analysis  under  air 

27 

16 

43 

A-2 

Extracting  buffer  saturated  with 

nitrogen;  analysis  under  air 

32 

12 

44 

A-3° 

Extracting  buffer  saturated  with 

nitrogen;  analysis  under  nitrogen 

36 

7 

43 

B-l 

Same  as  A-l 

23 

11 

34 

B-2 

Same  as  A-2 

27 

8 

35 

B-3° 

Same  as  A-3 

31 

3 

34 

a  Tests  involving  addition  of  3  mg.  of  ascorbic  acid  to  10  grams  of  these 
samples  gave  recovery  values  of  92  and  98  per  cent,  respectively,  as  reduced 
ascorbic  acid. 


reduced  ascorbic  acid  showed  none  to  be  present.  However, 
after  the  hydrogen  sulfide  treatment,  115  mg.  of  total  ascorbic 
acid  were  found.  Calculation  of  the  ascorbic  acid  content  from 
published  data  on  the  component  foods  indicated  this  finding  to 
approximate  the  expected  value.  The  ascorbic  acid  was  supplied 
mainly  by  fresh,  uncooked  fruits  and  vegetables;  these  included 
150  cc.  of  orange  and  75  cc.  of  tomato  juice.  From  the  nature  of 
the  foods  in  the  diet,  it  was  obvious  that  the  dehydro  was  formed 
from  reduced  ascorbic  acid  (through  the  action  of  ascorbic  acid 
oxidases)  in  the  course  of  preparing  the  sample,  despite  the  pres¬ 
ence  of  carbon  dioxide  and  maintenance  of  the  low  temperature. 
The  dehydroascorbic  acid  apparently  was  stable  under  these 
conditions. 

In  an  accurate  measurement  of  reduced  ascorbic  acid,  it  is 
desirable  to  complete  the  analysis  as  soon  as  possible  after  ex¬ 
traction  is  effected.  If  delay  is  unavoidable,  especially  when 
a  large  series  of  analyses  is  being  conducted,  immersion  of  the 
samples  in  an  ice  bath  inhibits  oxidative  changes.  In  Table 
IV  values  are  given  for  reduced  and  total  ascorbic  acid  in  an 
acid  extract  (buffered  at  pH  3.5)  of  dehydrated  tomatoes 
which  was  allowed  to  stand  in  air  at  room  temperature  and  at 
0°  C.  for  various  periods.  Progressive  decrease  of  reduced 
ascorbic  acid  was  observed  in  the  extract  at  room  tempera¬ 
ture  with  little  change  at  0°  C.  However,  the  values  for  total 
ascorbic  acid  were  not  affected  by  the  preliminary  oxidation. 
(These  measurements  were  made  immediately  after  removal 
of  the  excess  hydrogen  sulfide  by  nitrogen  aeration.)  The  ma¬ 
terial  analyzed  was  free  from  enzymes  but  contained  an  ap¬ 
preciable  amount  of  copper  (18). 

The  influence  of  atmospheric  oxygen  upon  the  oxidation  of 
reduced  ascorbic  acid  at  room  temperature  is  shown  in  Table 
V.  In  the  first  solution  the  extracting  buffer  was  saturated 
with  air  and  the  analysis  conducted  in  air.  In  the  second  the 
extracting  buffer  was  saturated  with  nitrogen  and  the  analysis 
conducted  again  in  air;  and  in  the  third  the  extracting  buffer 
was  saturated  with  nitrogen  and  the  analysis  conducted  under 
nitrogen.  A  progressive  increase  in  reduced  ascorbic  acid 
was  noted  with  the  elimination  of  oxygen  from  the  atmosphere. 
It  is  significant  that  here  again  the  figures  for  total  ascorbic 
acid  were  not  affected  by  the  partial  oxidation. 


In  the  analysis  for  reduced  ascorbic  acid  in  cooked  and  un¬ 
cooked  vegetables,  the  figures  for  the  cooked  products  are 
frequently  higher  than  those  for  the  uncooked.  This  has  been 
attributed  by  some  (17)  to  the  presence  of  bound  ascorbic 
acid,  which  is  released  on  cooking.  Others  (12)  have  ascribed 
the  observation  to  the  presence  of  active  enzymes  in  the  raw 
samples,  which  are  inactivated  during  cooking.  In  Table  VI 
are  presented  the  results  of  some  analyses  on  string  beans,  a 
product  rich  in  ascorbic  acid  oxidase.  Sample  1  was  prepared 
in  a  Waring  Blendor  by  a  1-minute,  high-speed  maceration  of 
the  raw  beans  with  water  under  carbon  dioxide.  Sample  2 
was  homogenized  with  6  per  cent  metaphosphoric  acid  instead 
of  water.  Sample  3  was  blanched  for  5  minutes  in  boiling 
water,  cooled,  and  then  macerated  in  the  cooking  water.  The 
results  of  this  study,  summarized  in  Table  VI,  emphasize  the 
precautions  which  must  be  observed  to  prevent  enzymic  oxi¬ 
dation  of  the  ascorbic  acid.  The  thermal  inactivation  of  the 
enzymes  by  boiling  in  6  per  cent  metaphosphoric  acid  appears 
to  be  the  preferred  method.  Use  of  5  per  cent  sulfuric-2  per 
cent  metaphosphoric  acid  as  the  extracting  solvent  (14),  with 
no  preliminary  blanching  of  the  beans,  yielded  essentially  the 
same  results  for  the  reduced  and  dehydroascorbic  acid  con¬ 
tent.  Extraction  with  the  stronger  acid  is  not  so  desirable, 
since  subsequent  pH  adjustment  cannot  be  made  so  readily 
as  in  the  procedure  recommended  in  the  present  report.  It  is 
significant  that  the  figures  for  total  ascorbic  acid  in  all  samples 
were  the  same.  These  observations  support  Harris  and  Ol- 
liver’s  criticism  (7)  of  the  bound  ascorbic  acid  theory  (17), 
since  the  total  ascorbic  acid  content  of  the  unblanched  beans 
is  not  increased  on  cooking.  The  enzymic  oxidation  taking 
place  in  the  uncooked  product  accounts  for  an  apparent  in¬ 
crease  in  “ascorbic  acid”  after  cooking  when  reduced  ascorbic 
acid  alone  is  measured. 

Applicability  of  Photometric  Method  to 
Urine  Analysis 

Dehydroascorbic  acid  is  reported  (1)  to  be  fairly  stable  in 
pure  solutions  below  pH  5.  The  stability  of  reduced  and 
total  ascorbic  acid  was  investigated  photometrically  in  a  com¬ 
posite  sample  of  fresh  urine  obtained  from  twelve  subjects 
and  stored  under  air.  For  comparison  with  the  photometric 
method,  the  usual  visual  titrations  for  reduced  ascorbic  acid 
were  also  conducted.  The  results  are  presented  in  Table  VII. 
The  visual  titration  for  reduced  ascorbic  acid  on  the  freshly 
voided  urine  gave  results  more  than  100  per  cent  greater  than 
those  yielded  by  the  more  specific  photometric  method. 
This  confirms  the  findings  of  Roe  (19)  who  used  an  independ¬ 
ent  analytical  approach.  Another  series  of  tests  with  added 
crystalline  ascorbic  acid  (100  mg.  per  liter)  indicated  good 
agreement  between  both  methods,  due  to  the  fact  that  at  the 
higher  dilutions  used  in  the  test  the  concentrations  of  nonspecific 
reducing  substances  were  considerably  lower.  (This  is  com¬ 
parable  to  generally  observed  values  for  the  urine  of  normal 
subjects  following  oral  administration  of  a  300-mg.  test  dose.) 


Table  VI.  Influence  of  Ascorbic  Acid  Oxidase  in  the 
Determination  of  Reduced  and  Total  Ascorbic  Acid  in 
Raw  String  Beans 

(Values  expressed  in  mg.  per  100  grams  of  beans) 


No. 

Preparation  of  Sample0 

Reduced 

Dehydro 

Tota 

1 

Raw,  macerated  with  equal  weight  of 
H20 

4 

19 

23 

2 

Raw,  macerated  with  equal  weight  of 
6%  HPOj  solution 

14 

9 

23 

3 

Boiled  with  H2O  5  minutes,  then 
macerated 

16 

7 

23 

4 

Boiled  with  6%  HPOa  solution  5 
minutes,  then  macerated 

17 

6 

23 

°  All  manipulations  were  carried  out  under  an  atmosphere  of  carbon  di¬ 
oxide. 
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Table  VII. 


Stability  of  Ascorbic  Acid  and  Other  Dye-Reducing 
Substances  in  Urine 

(Values  expressed  in  mg.  per  liter) 


Preservative  per 

Form 

Initial 

Photo-  Titri- 

Ascorbic  Acid  before  and  after  Storage—- - s 

After  24  Hours  After  48  Hoursl>  After  120  Hours 
Photo-  Titri-  Photo-  Titri-  Photo-  Titri- 

Liter 

metric 

metric 

metric 

metric 

metric 

metric 

metric 

metric 

None 

Reduced 

8 

19° 

3 

13 

0 

4 

0 

0 

Dehydro 

Total 

9 

17 

— 

3 

6 

— 

1 

1 

4 

4 

30  cc.  of  3.5  N 

Reduced 

11 

23 

9 

19 

3 

13 

0 

6 

H2SO4 

Dehydro 

5 

4 

4 

6 

Total 

16 

13 

7 

6 

— 

10  grams  of 

Reduced 

8 

20 

4 

13 

2 

13 

0 

6 

HPOa 

Dehydro 

10 

4 

3 

0 

Total 

18 

8 

5 

0 

— 

10  grams  of 

Reduced 

9 

20 

8 

23 

1 

14 

1 

9 

12 

HPOa  and  stor- 

Dehydro 

9 

8 

n 

age  at  5°  C. 

Total 

18 

16 

12 

10* 

°  Comparisons  shpuld  be  made  between  only  reduced  ascorbic  acid  values  in  evaluating  degree  of 
nonspecificity  of  titrimetnc  method.  Total  ascorbic  acid  values,  obtained  by  titrimetric  method  are 
greater,  but  such  analyses  of  urine  are  practically  never  made.  ’ 

i>  Ascorbic  acid  values  obtained  after  this  period  of  storage  lack  precision  because  of  lowered  coneen 
tration  of  vitamin  in  presence  of  large  amounts  of  interfering  reducing  substances  in  urine  This  is 
particularly  true  of  dehydroascorbic  acid  figures  which  are  obtained  by  difference  ' 


The  ascorbic  acid  in  the  samples  containing  the  larger  quan¬ 
tities  appeared  to  be  appreciably  more  stable.  This  is  in 
agreement  with  frequent  observations  ( 4 )  that  the  oxidative 
destruction  of  ascorbic  acid  is  more  nearly  absolute  than  pro¬ 
portional  to  the  concentration  of  the  vitamin.  Storage  of  the 
urine  sample  at  5°  C.  with  added  metaphosphoric  acid  was 
the  most  effective  means  for  preservation.  A  consideration  of 
the  data  compiled  indicates  that  the  nonspecific  reducing  sub¬ 
stances  in  urine  are  also  unstable  but  not  to  the  same  extent 
as  ascorbic  acid. 

Extrapolation  of  Photometric  Densities  at  Five 
and  Ten  Seconds 

Linear  extrapolation  of  the  photometric  density  at  5  and  10 
seconds  gives  ascorbic  acid  values  considerably  lower  than  ex¬ 
trapolation  at  15  and  30  seconds.  This  may  arise  from  greater 
specificity  of  the  former  method,  or  from  a  possible  early  re¬ 
tardation  of  the  rate  of  reaction  between  the  dye  and  ascorbic 
acid  by  other  substances  in  biological  extracts.  If  such  a  re¬ 
tardation  were  a  reality,  low  recoveries  of  added  ascorbic  acid 
would  be  obtained  by  the  5-  and  10- 
second  extrapolation  procedure.  Ac¬ 
cordingly,  recovery  tests  were  con¬ 
ducted  on  a  variety  of  biological 
materials.  The  values  shown  in  Table 
VIII  are  representative  of  the  differ¬ 
ences  in  ascorbic  acid  values  to  be 
expected  in  the  photometric  method 
using  the  two  extrapolation  proce¬ 
dures,  and  indicate  that  extrapolation 
of  5-  and  10-second  readings  furnishes 
a  more  specific  index  of  ascorbic  acid 
content. 

Compounds  Interfering  with 
the  Photometric  Method 

iThe  use  of  hydrogen  sulfide  for  the 
determination  of  dehydroascorbic  acid 
has  been  criticized  (6,  9,  10,  11,  14). 

It  has  been  asserted  ( 8 ,  14)  that  nitro¬ 
gen  aeration  fails  to  remove  the  last 
traces  of  hydrogen  sulfide,  which  in 
turn  could  be  responsible  in  part  for 

(increased  “ascorbic  acid”  figures. 

Under  the  conditions  of  test  described 
here,  there  is  insufficient  residual 


hydrogen  sulfide  to  cause  any  photo¬ 
metrically  measurable  dye  reduction 
even  after  only  20  minutes  of  nitro¬ 
gen  aeration  of  a  pure  buffered  solu¬ 
tion  previously  saturated  with  the  gas, 
or  of  a  similarly  treated  solution  with 
added  ascorbic  acid.  This  is  confirma¬ 
tory  of  the  experiments  of  Hamburger 
and  Joslyn  (6\.  Reference  is  made  to 
Figure  6  giving  the  reaction  curves 
for  two  solutions  of  hydrogen  sulfide 
(not  subjected  to  nitrogen  aeration) 
which  were  able  to  decolorize  the  dye. 
By  using  the  5-  and  10-second  extra¬ 
polation  this  interference  is  reduced 
by  more  than  70  per  cent. 

It  has  further  been  suggested  ( 6 ,  9, 
10,  14)  that  the  hydrogen  sulfide  is 
loosely  combined  in  biological  ex¬ 
tracts  or  is  responsible  for  the  for 
mation  of  nonvitamin  dye-reducing 
substances.  However,  alleged  inter¬ 
ferences  from  these  causes  were  based  for  the  most  part  upon 
titration  values  without  extrapolation  to  zero  time. 

In  the  present  study  tests  were  conducted  with  three  of  the 
compounds  which  have  been  reported  (20)  to  react  with  hy¬ 
drogen  sulfide  to  yield  indophenol-reducing  substances.  The 
reaction  curves  for  these  are  also  plotted  in  Figure  6  In 
these  graphs,  the  “ascorbic  acid”  concentration  is  0.0  micro¬ 
gram  per  cc.  at  a  photometric  density  of  0.398,  and  4.0  at  a 
photometric  density  of  0.200.  The  solid  curves  represent  re¬ 
action  curves  after  hydrogen  sulfide  treatment  (with  subse¬ 
quent  removal  of  the  gas).  The  values  at  5  and  10  seconds  are 
extrapolated  to  zero  time  by  means  of  a  straight  line  as  on  the 
nomogram.  (The  dotted  curves  obtained  prior  to  hydrogen 
sulfide  reduction  indicate  that  these  compounds  cause  no  de- 
colorization  of  the  dye.)  The  results  show  that  except  for 
2-methyl-l, 4-naphthoquinone,  the  interferences  following  the 
hydrogen  sulfide  treatment  are  much  greater  in  the  visual  ti¬ 
tration  (single  value  at  the  15-second  or  30-second  point)  than 
in  the  photometric  method.  In  fact,  pyruvic  acid  shows  no 
interference,  for  its  curve  extrapolates  linearly  to  a  photo- 


Table  VIII.  Justification  for  Extrapolation  of  Photometric  Densities  at 
5  and  10  Seconds  in  Preference  to  15  and  30  Seconds 


Test  Material 


Dehydrated  tomato  soup  A-3 
Dehydrated  tomato  soup  B-3 
Dehydrated  banana 
Dehydrated  potato 
Pasteurized  milk 
Evaporated  milk 
Milk  powder 

Urine,  composite  of  12  subjects 
Ferrous  sulfate,  5  micrograms  of  Fe  +  + 
per  cc. 

Orange,  fresh 
Tomato,  fresh 
Urine 

Urine  during  vitamin  C  saturation  test 
Pineapple  pie 
Pumpkin  pie 


Ascorbic  Acid  from 
Extrapolation  of 
Photometric 
Densities  at 
5  and  10  15  and  30 

seconds  seconds 

(a)  (6) 

Micrograms 
per  cc.  of  extract 


2.93 

2.34 

1.63 

0 

0.91 

0 

1.07 

1.81 

0.74 

4.18 

5.62 

2.32 

2.97 

0.60 

0.59 


3.80 

2.81 
2.61 
0 

1.15 

0 

1.39 

2.15 

2.25 

4.18 

5.94 

3.22 

3.14 

1.83 

1.49 


Value0  for 

^f^xioo 

(a) 


Recovery  of 
Added  b  As¬ 
corbic  Acid 
from  Extrapo  - 
lated  Photo¬ 
metric  Densities 
at  5  and  10 
Seconds 

% 


30 

20 

60 

'26 

30 

20 

204 
0 
6 

39 

6 

205 
153 


104 
93 

93 
96 

105 
90 

103 

94 

97° 

No  recovery  tests 
conducted  on 
these  samples 


°  Per  cent  difference  in  ascorbic  acid  values  obtained  by  two  methods  of  extrapolation. 

*>  Except  where  indicated,  amount  of  ascorbic  acid  added  for  recovery  experiment  was  approximately 
equal  to  amount  believed  to  be  originally  present  as  determined  from  data  in  literature,  or  by  previous 
analysis  of  same  or  similar  samples.  For  recovery  test,  vitamin  was  added  to  original  material  and 
carried  through  entire  analysis. 

c  For  recovery  test  on  this  sample,  3.05  micrograms  of  ascorbic  acid  were  added  to  each  1.00  cc.  of 
test  solution. 
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Figure  6.  Reaction  Curves  for  Substances 
Alleged  to  Interfere  in  Determination  of 
Ascorbic  Acid 

Before  (dotted  lines)  and  after  (solid  lines)  hydrogen 
sulfide  treatment.  Initial  photometric  density  of  dye  is 
0.398. 

metric  density  of  0.398.  For  the  others,  the  concentrations 
normally  found  in  biological  materials  are  not  sufficient  to 
interfere  in  the  determination  of  total  ascorbic  acid.  Thus, 
the  objections  to  the  use  of  the  hydrogen  sulfide  reduction 
procedure  in  titrimetric  or  photometric  methods  previously 
published  are  minimized  in  the  procedure  described  in  the 
present  report. 

Discussion 

In  titrimetric  methods  in  general,  as  the  titration  progresses 
the  concentration  of  at  least  one  of  the  reactants  decreases. 
Thus,  from  kinetic  theory  the  reaction  rate  must  decrease. 
The  behavior  of  the  sulfhydryl  compounds  on  dye  titration 
reported  by  King  (11)  is  entirely  analogous  to  that  noted  in 
this  laboratory  with  ferrous  sulfate.  Indeed,  at  the  concen¬ 
trations  used  in  the  photometric  method,  the  reaction  rate 
between  ferrous  sulfate  and  the  dye  becomes  easily  measurable 
(see  Figure  4) .  As  a  consequence  of  this  slower  reaction,  the 
interference  of  ferrous  sulfate  is  reduced  by  90  per  cent  in  the 
photometric  method  (see  Table  I).  Other  interferences  may 
be  similarly  minimized. 

The  results  presented  here  impose  serious  limitations  on  the 
use  of  the  visual  titration.  The  method  of  “reversed  titra¬ 
tion”  (7),  titrating  the  dye  with  the  extract,  is  inadvisable, 
for  many  of  the  interfering  reducing  substances  added  to  the 
dye  during  the  early  part  of  the  titration  are  given  an  ample 
period  for  reaction.  The  interference  is  thus  much  greater 
than  in  the  normal  titration  where  the  dye  is  removed  as  it  is 
added,  chiefly  by  the  more  rapidly  reacting  ascorbic  acid. 
The  question  of  duration  of  the  end  point  is  controversial,  for 
with  a  5-second  end  point  the  ascorbic  acid  may  not  react 
completely,  and  with  a  30-second  end  point,  many  interfering 
substances  may  react.  In  this  laboratory,  interfering  reduc¬ 
ing  substances  have  been  encountered  in  such  a  wide  variety 
of  samples  that  the  photometric  method  has  replaced  visual 
titration.  Only  in  the  routine  testing  of  pharmaceutical  prod¬ 
ucts  shown  by  the  photometric  reaction  curve  to  be  free  from 
interfering  compounds  is  visual  titration  used. 

The  data  presented  in  this  paper  on  the  occurrence  of  de- 
hydroascorbic  acid  in  biological  materials  and  on  the  necessity 


for  its  determination  are  contrary  to  the  conclusion  of  Harris 
and  Olliver  (7),  who  state,  “The  amount  of  vitamin  C  present 
in  foodstuffs  in  the  form  of  dehydroascorbic  acid,  even  during 
aging  and  in  stale  foods,  is  generally  so  small  as  to  be  of  little 
or  no  practical  significance.”  However,  their  conclusion  was 
based  on  analyses  of  a  limited  variety  of  foods  by  the  “re¬ 
versed  titration”  method,  involving  also  an  obviously  faulty 
procedure  for  the  conversion  of  reduced  to  dehydroascorbic 
acid,  particularly  with  reference  to  pH  adjustment  (14) ■ 

Summary 

Reduced  and  total  ascorbic  acid  in  biological  materials  have 
been  determined  by  a  modification  of  published  photometric 
methods  based  on  the  rate  of  decolorization  of  the  dye  2,6- 
dichlorophenolindophenol.  A  nomogram  has  been  presented 
to  facilitate  the  estimation  of  the  ascorbic  acid  concentration 
from  the  residual  photometric  densities  of  the  dye  at  the  end 
of  5  and  10  seconds  of  reaction.  The  reduction  of  the  dye  by 
the  vitamin  was  found  to  be  a  reaction  of  the  second  order; 
the  rate  constant  was  calculated  for  25°  C.  and  pH  3.5.  The 
photometric  procedure  has  a  much  greater  degree  of  specificity 
than  the  visual  titration,  and  allows  determinations  to  be 
made  on  extracts  containing  small  amounts  of  ascorbic  acid, 
even  in  the  presence  of  relatively  large  amounts  of  other  sub¬ 
stances  which  reduce  the  dye.  Evidence  has  been  obtained 
stressing  the  importance  of  determining  dehydroascorbic  acid, 
initially  present  in  some  materials  and  produced  in  others 
when  proper  analytical  precautions  are  not  taken.  The  photo¬ 
metric  method  is  applicable  to  analyses  of  urine  before  and 
after  the  administration  of  test  doses.  Proof  is  presented  of 
the  greater  specificity  of  the  improved  photometric  method,  as 
compared  with  the  various  titrimetric  and  photometric  pro¬ 
cedures. 
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Determination  of  Ferrous  Iron  in  Difficultly 

Soluble  Materials 

GILBERT  E.  SEIL,  E.  J.  La  vino  and  Company,  Norristown,  Penna. 


THE  determination  of  ferrous  iron  in  materials  containing 
both  ferrous  and  ferric  iron  presents  several  difficulties 
when  the  material  to  be  analyzed  is  difficultly  soluble,  as  is  the 
mineral  chromite.  Not  only  is  it  difficult  to  get  the  ore  into 
solution,  but  the  solvents  oxidize  the  ferrous  iron,  usually 
without  liberating  another  material  which  can  be  determined. 

The  method  herein  described  indirectly  determines  ferrous 
iron  by  titrating  the  sulfur  dioxide  liberated  when  sulfuric 
acid  oxidizes  ferrous  oxide. 

Various  methods  have  been  proposed,  but  for  one  reason  or 
another  none  has  proved  entirely  satisfactory. 

As  early  as  1860,  Mitscherlich  (11)  determined  ferrous  oxide 
in  chrome  ore  by  decomposing  the  ore  with  medium  strength 
sulfuric  acid  in  a  bomb  tube  at  250°  to  290°  C.  The  decom¬ 
position  required  about  8  hours,  and  precautions  were  taken  to 
prevent  oxidation  by  the  air.  Similar  results  were  obtained  by 
Jannasch  and  Vogtherrr  (8),  using  hydrochloric  acid-ammonium 
chloride  solutions  in  a  bomb  tube.  Not  all  chrome  ores  respond 
to  this  treatment,  however. 

Fusion  with  boric  acid  and  treatment  with  a  mixture  of  sulfur 
and  hydrofluoric  acid  have  also  been  tried  (7).  Decomposition 
with  concentrated  sulfuric  acid  has  been  found  to  be  incomplete 
(2,  15),  and  treatment  with  acid  sulfates  such  as  potassium  bi¬ 
sulfate  oxidizes  the  chrome  ore  completely  (1,6,  12),  as  is  the  case 
also  with  Usatenko’s  phosphoric-sulfuric  acid  method  (18). 
Treatment  with  oxidizing  acids  such  as  nitric  acid  is  impracti¬ 
cable  (4,  10,  19). 

Alkaline  fusions,  using  sodium  carbonate  or  borax  (8, 5, 18, 14), 
absorb  oxygen  from  the  air  rapidly  at  the  high  fusion  temper¬ 
ature  required. 

Schein  (16)  measures  the  increase  in  weight  of  the  ferrous  oxide 
on  heating  in  oxygen,  making  allowance  for  the  loss  of  water  and 
carbon  dioxide  in  the  process.  The  unusually  high  calculating 
factor,  9,  is  an  objection  to  this  method.  The  author  has  deter¬ 
mined  the  oxidizable  materials  in  the  ore  by  first  finding  the  loss 
on  ignition  in  an  atmosphere  of  nitrogen  and  the  subsequent 
gain  when  heated  in  oxygen.  The  results  agree  very  closely 
with  those  obtained  by  the  procedure  described  in  this  paper. 

Methods  recently  proposed  depend  upon  solution  of  the  ore  in 
phosphoric  acid,  the  ferrous  iron  in  the  solution  being  then  deter¬ 
mined  by  titration  with  potassium  permanganate.  Konopicky 
and  Caesar  (9)  dissolve  0.2  gram  of  powdered  ore  in  16  to  20  ml. 
of  phosphoric  acid  of  specific  gravity  1.92  in  a  wide  test  tube. 
The  test  tube  is  heated  on  an  air  bath  to  300°  to  320°  C.  and 
carbon  dioxide  is  passed  through  it  during  the  reaction.  The 
cooled  solution,  is  diluted  with  air-free  water  and  titrated  with 
permanganate  to  a  gray  color.  In  the  author’s  experience  this 
method  gives  results  which  are  not  only  much  too  low  but  in¬ 
capable  of  being  duplicated.  This  is  true  because  any  sulfur 
trioxide  present  is  reduced  to  sulfur  dioxide  which  is  lost,  and  at 
high  temperatures  phosphine  may  be  lost.  By  this  method 
duplicate  results  cannot  be  consistently  obtained  on  magnetite  of 
known  ferrous  oxide  content. 

Stevens  (17)  describes  a  method  in  which  a  0.3-gram  sample  of 
ore  is  placed  in  a  glass  tube  about  20  cm.  long,  11  mm.  in  inside 
diameter,  and  1  mm.  in  wall  thickness.  Five  milliliters  of  85 
per  cent  phosphoric  acid  are  added,  the  air  in  the  tube  is  displaced 
by  carbon  dioxide,  and  the  tube  is  sealed  off  by  drawing  it  out  in 
the  form  of  a  hook,  at  a  point  about  twice  the  height  of  the 
phosphoric  acid.  The  tube  is  then  suspended  about  1.25  cm. 
(0.5  inch)  above  the  bottom  of  a  metal  crucible  which  is  heated 
just  strongly  enough  to  keep  the  phosphoric  acid  gently  boiling 
until  the  sample  is  dissolved.  This  may  take  anything  up  to 
24  hours.  After  cooling,  the  tube  is  opened  and  the  contents 
are  washed  into  distilled  water  containing  10  ml.  of  sulfuric  acid. 
This  solution  is  then  titrated  with  0.05  N  potassium  permanga¬ 
nate  to  a  gray  color.  (Incidentally,  none  of  the  authors  men¬ 
tioned  seems  to  have  made  use  of  o-phenanthroline-ferrous 
sulfate  complex  as  indicator  in  this  titration.)  This  method  has 
the  same  objectionable  features  as  the  Konopicky  and  Caesar 
method  described  above. 


It  has  been  found  possible  to  obtain  consistent  results  by  this 
method,  but  they  are  again  too  low,  and  the  correction  to  be 
applied,  as  determined  by  experiments  with  magnetite,  is  so  large 
as  to  preclude  use  of  the  method  for  materials  containing  low 
percentages  of  ferrous  oxide.  Another  disadvantage  is  the 
length  of  time  required  for  a  determination. 

Stevens  notes  that  the  need  for  a  correction  factor  is  due  to 
the  reduction  of  some  of  the  phosphoric  acid  and  consequent 
oxidation  of  some  of  the  ferrous  oxide.  The  extent  of  this  oxi¬ 
dation  probably  depends  on  the  time  of  heating  and  on  the 
amount  of  ferrous  oxide  present,  and  since  these  factors  vary 
with  different  ores,  a  single  correction  factor  cannot  very  well 
serve  for  all  ores.  Sulfur  trioxide  and  other  impurities  in  the 
phosphoric  acid  yield  gaseous  reducing  reaction  products 
which  are  partially  lost.  If  the  product  of  reduction  is  phos¬ 
phorous  acid,  as  assumed,  the  amount  of  the  latter  formed 
should  be  equivalent  to  the  amount  of  ferrous  oxide  oxidized. 
Phosphorous  acid,  however,  is  not  oxidized  by  permanganate 
solutions  in  the  cold  under  these  conditions,  and  thus  cannot 
be  determined  by  titration  with  permanganate. 

In  order  to  eliminate  the  large  factor  involved  in  the 
Stevens  method,  by  estimating  the  phosphorous  acid  formed 
as  well  as  the  ferrous  iron  in  solution,  an  iodometric  method 
was  tried.  Theoretically,  either  ferrous  or  ferric  iron  may  be 
determined  iodometrically  in  a  solution  containing  both,  in 
accordance  with  the  reversible  equation 

2Fe(OH)2  +  I2  +  2H20  ^  2Fe(OH)3  +  2HI 


In  strongly  acid  solution  (hydrochloric  acid)  the  reaction 
proceeds  toward  the  left.  In  the  presence  of  a  small  amount 
of  sodium  bicarbonate,  which  keeps  the  pH  of  the  solution 
constant,  the  reaction  proceeds  toward  the  right,  and  should, 
therefore,  constitute  a  method  for  the  determination  of  fer¬ 
rous  iron.  Tests  were  carried  out  using  the  methods,  the 
phosphoric  acid  solution  of  the  ore  being  neutralized  by  add¬ 
ing  sodium  hydroxide  solution  until  nearly  neutral  and  then 
adding  solid  sodium  bicarbonate.  An  excess  of  standard  io¬ 
dine  solution  was  then  added,  and  the  excess  was  titrated  with 
sodium  thiosulfate.  The  results  obtained  were  still  too  low, 
and  it  was  found  that  phosphoric  acid  could  not  be  effectively 
neutralized  with  sodium  bicarbonate. 

Phosphorous  acid  decomposes  on  heating,  phosphoric  acid 
being  formed  and  phosphine  liberated  in  accordance  with  the 
equation 

4H3P03  =  3H3PO4  +  ph3 

Assuming  that  acid  solutions  of  phosphates  behave  in  the 
same  way,  the  reaction  between  ferrous  oxide  and  phosphoric 
acid  might  take  place  in  the  following  stages: 

1.  The  ferrous  oxide  dissolves  in  the  phosphoric  acid,  forming 
ferrous  phosphate 

3FeO  +  2HSP04  =  Fe3(P04)2  +  3H20 


2.  The  ferrous  phosphate  reacts  with  a  further  quantity  of 
phosphoric  acid,  forming  ferric  phosphate,  ferric  phosphite,  and 
phosphorous  acid 


8Fe3(P04)2  +  IIH3PO4  = 

15FePC>4  +  9FeP03  +  3H3P08  +  12H20 
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Table  I.  Determination  of  Ferrous  Iron 


Weight  Taken  Found  by  Operator  A  Found  by  Operator  B 

Weight  Taken 

Found  by  Operator  A 

Found  by  Operator  B 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Estimation  of  Fe  in  Iron  Wire 

Determination  of  FeO  in  Chromites 

25 

25.4 

26.7 

Cuban 

500 

8.2 

8.2 

50 

50.3 

51.1 

500 

8.9 

9.0 

75 

100 

74.8 

99.3 

75.8 

101.4 

Transvaal 

500 

16.9 

16.7 

125 

123.9 

125.7 

500 

16.8 

16.7 

150 

149.9 

149.9 

Low-grade 

500 

8.3 

8.5 

Philippine 

500 

8.3 

8.5 

Estimation  of  FeO  in  Cuban  Chromite 

High-grade 

500 

10.8 

11.2 

200 

8.4 

9.0 

Philippine 

500 

10.8 

11.3 

300 

8.6 

9.0 

Rhodesian 

500 

10.4 

10.7 

400 

8.8 

8.9 

500 

10.5 

10.8 

500 

8.8 

8.9 

Turkish 

500 

8.9 

8  6 

600 

8.7 

8.9 

500 

9.0 

8.6 

Estimation  of  FeO  in  Magnetite 

Blanks,  Determination  of  FeO  in 

c.  p.  Fe203 

200 

25.6 

26.4 

500 

0.0 

0.0 

400 

25.9 

26.4 

500 

0.0 

0.0 

600 

25.6 

26.4 

500 

0.0 

0.0 

800 

25.7 

26.0 

500 

0.0 

0.0 

3.  The  ferric  phosphite-phosphorous  acid  mixture  decomposes 
under  the  influence  of  heat,  giving  ferric  phosphate  and  phosphine 

3FeP03  +  H3P03  =  3FeP04  +  PH3 

These  equations  may  be  combined  and  the  net  result  of  the 
reactions  expressed  as 

8FeO  +  9H3P04  =  8FeP04  +  PHa  +  12H20 

Phosphine  is  oxidized  by  potassium  dichromate,  giving 
phosphoric  acid 

PH3  +  202  =  H3P04 

It  was  decided  to  attempt  the  determination  of  ferrous 
oxide  on  these  lines.  The  sample  was  heated  strongly  with 
phosphoric  acid  in  a  stream  of  carbon  dioxide,  and  the  gaseous 
products  of  the  reaction  were  passed  into  standard  0.1  iV 
potassium  dichromate  solution.  From  the  amount  of  dichro¬ 
mate  reduced,  the  ferrous  oxide  was  calculated,  using  the  last 
two  equations.  Any  unchanged  ferrous  phosphate  was  de¬ 
termined  by  titrating  the  phosphoric  acid  solution  with  po¬ 
tassium  permanganate. 

At  the  time  these  experiments  were  started  no  pure  phos¬ 
phoric  acid  was  available  and  c.  p.  phosphoric  acid  of  specific 
gravity  1.57  was  used.  With  this  acid,  the  method  was  found 
to  give  excellent  results  with  Cuban  chrome  ore  containing 
about  9  per  cent  of  ferrous  oxide,  but  with  a  magnetite  of 
known  ferrous  oxide  content  low  results  were  obtained 
(Table  I) .  Moreover,  in  the  case  of  chrome  ore  the  amount  of 
residual  ferrous  iron  in  the  phosphoric  acid  solution  was 
found  to  be  so  small  that  the  permanganate  titration  could  be 
omitted,  but  with  magnetite  this  titration  amounted  to  4  ml. 
or  more,  using  a  0.5-gram  sample.  When  the  experiments 
were  repeated  later,  using  pure  phosphoric  acid,  no  reduction 
of  the  dichromate  took  place,  but  titration  of  the  phosphoric 
acid  solutions  with  permanganate  gave  results  averaging 
22.3  per  cent  ferrous  oxide  with  a  magnetite  of  26.3  per  cent 
ferrous  oxide  content,  and  7.2  per  cent  ferrous  oxide  with  a 
chrome  ore  containing  9.2  per  cent  ferrous  oxide. 

The  reduced  dichromate  solutions  obtained  when  c.  p. 
phosphoric  acid  was  used  were  analyzed  for  phosphates,  and 
showed  a  phosphate  content  equivalent  to  only  0.26  per  cent 
of  ferrous  oxide  calculated  on  the  phosphine  theory.  This 
amount  of  phosphoric  acid  could  easily  have  been  carried  over 
mechanically  into  the  dichromate.  Furthermore,  when 
chrome  ore  or  magnetite  was  heated  with  either  pure  or  c.  p. 
phosphoric  acid  in  a  stream  of  carbon  dioxide,  and  the  gaseous 
reaction  products  were  passed  into  mercuric  chloride  solution, 


a  slowly  forming  white  precipitate  of  calomel  was  obtained 
which  contained  no  phosphorus.  There  was  no  trace  of  the 
light  brown  chloride-phosphide  precipitate  which  forms  in 
large  quantities  in  the  mercuric  chloride  when  a  small  quantity 
of  phosphorous  acid  is  heated  strongly  with  phosphoric  acid 
under  similar  conditions. 

It  was,  therefore,  concluded  that  the  reduction  of  the  di¬ 
chromate  when  c.  p.  phosphoric  acid  was  used  was  caused  by  a 
gaseous  product  formed  by  the  reaction  of  the  ferrous  oxide 
with  some  impurity  in  the  acid  rather  than  with  the  acid  itself. 
Analysis  of  the  c.  p.  phosphoric  acid  showed  that,  among  other 
impurities,  sulfates  were  present  in  considerable  quantity. 
At  high  temperatures  and  in  the  presence  of  phosphoric  acid 
the  reaction  between  ferrous  oxide  and  sulfuric  acid  may  be 
represented  by  the  equations 

FeO  -f-  H2S04  =  FeS04  T  H20 
2FeS04  +  2H2S04  =  Fe2(S04),  +  S02  +  2H20 
or  simply 

2FeO  +  4H2S04  =  Fe2(S04)3  +  S02  +  4H20 

The  sulfur  dioxide  passes  into  the  dichromate  and  is  oxi¬ 
dized  to  sulfuric  acid.  The  amount  of  dichromate  reduced,  for 
the  same  amount  of  ferrous  oxide,  is  the  same  whether  the  gas 
formed  is  phosphine  or  sulfur  dioxide.  Chrome  ore  was  dis¬ 
solved  in  c.  p.  phosphoric  acid  and  the  gases  were  passed  into 
neutral  dichromate  solution.  The  sulfate  content  of  the  re¬ 
duced  dichromate  solution  was  estimated  gravimetrically  as 
barium  sulfate,  and  calculated  to  ferrous  oxide.  The  results 
obtained  were  all  high,  owing  to  a  small  amount  of  sulfur  tri¬ 
oxide  carried  over,  but  were  in  proportion  to  the  results  cal¬ 
culated  from  the  titration  of  the  reduced  dichromate. 

It  was  thus  proved  that  the  reduction  of  the  dichromate  was 
due  to  sulfur  dioxide  formed  by  the  reduction  of  sulfuric  acid 
by  ferrous  oxide,  and  that  this  reaction  was  quantitative. 

The  amount  of  sulfate  in  the  c.  p.  phosphoric  acid  used  was 
insufficient  to  oxidize  all  the  ferrous  oxide  in  a  0.5-gram 
sample  of  magnetite  and  this  probably  accounts  for  the  low 
results  obtained.  A  mixture  of  1  part  of  sulfuric  acid  and  4 
parts  of  phosphoric  acid  was  found  to  give  excellent  results 
with  all  ores,  including  magnetite,  and  the  resultant  solution 
contained  no  ferrous  iron.  This  mixture  was,  therefore,  used 
in  all  subsequent  experiments. 

Chromium  may  also  be  determined  in  the  phosphoric  acid 
solution.  The  chromium  is  oxidized  with  ammonium  persul¬ 
fate  in  the  presence  of  a  silver  salt,  and  the  resulting  chromate 
determined  by  titration. 
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Apparatus  and  Procedure 

Reducing  agents,  such  as  ferrous  iron,  carbides,  and  sulfides, 
react  at  high  temperatures  (350°  C.)  and  under  low  pressures 
with  sulfuric  acid  in  phosphoric  acid  to  form  sulfur  dioxide, 
which  is  distilled  into  an  excess  of  0.1  N  potassium  dichromate. 
The  excess  potassium  dichromate  is  determined  and  the  reducing 
agent  is  calculated. 

Chemicals  Required  for  Ferrous  Oxide  Determination. 
Phosphoric-sulfuric  acid  mixture,  4  parts  of  85  per  cent  phos¬ 
phoric  acid  to  1  part  of  concentrated  sulfuric  acid;  potassium 
dichromate,  0.1  if  containing  50  ml.  of  sulfuric  acid  per  liter; 
sodium  thiosulfate,  0.1  N;  potassium  iodide,  40  per  cent  solu¬ 
tion;  and  starch  solution. 

Apparatus.  The  apparatus  used  is  shown  in  Figure  1.  The 
sample  and  acid  are  contained  in  the  200-ml.  round-bottomed 
reaction  flask,  A.  A  round-bottomed  flask  is  necessary  not  only 
because  the  system  is  under  a  partial  vacuum  during  the  deter¬ 
mination,  but  also  because  it  is  much  more  difficult  to  get  chro¬ 
mium  ores  into  solution  in  a  flat-bottomed  flask,  the  ore  collecting 
around  the  bottom  edge  of  the  flask. 

The  reaction  flask  rests  on  the  electrically  heated  air  bath,  B. 
The  heating  element  is  covered  by  an  iron  plate,  and  the  heater 
supports  an  iron  ring,  which  in  turn  supports  a  cover  made  of 
thick  asbestos  board.  The  cover  has  two  holes  for  each  flask, 
one  of  which  is  actually  above  the  air  bath,  whereas  the  other  is 
used  to  hold  the  flask  while  it  is  cooling  after  the  reaction.  The 
holes  are  tapered  to  fit  the  flask,  and,  using  a  200-ml.  flask  and  a 
a  1000-watt  heater,  should  be  6.56  cm.  (2.625  inches)  in  diameter 
at  the  bottom.  The  iron  ring  is  made  of  such  depth  that  there 
will  be  2.5  cm.  (1  inch)  of  space  between  the  iron  plate  covering 
the  heating  element  and  the  cover  of  the  air  bath.  The  tempera¬ 
ture  of  the  bath  is  controlled  by  a  rheostat  and  ammeter,  and  is 
measured  by  a  thermometer  passing  through  a  hole  in  the  cover 
and  suspended  from  a  stout  wire  bent  as  shown. 

The  stopper  of  the  reaction  flask  carries  two  tubes,  one  of 
which  is  connected  with  a  supply  of  carbon  dioxide  contained  in 
the  large  aspirator  bottle,  C.  Prior  to  the  determination  the 
aspirator  is  completely  filled  with  air-free  water,  which  is  then 
displaced  by  carbon  dioxide  from  bottle  C,  and  forced  over  into 
the  other  large  bottle,  D.  Carbon  dioxide  of  the  highest  purity 
should  be  used  and  it  is  recommended  that  the  carbon  dioxide  be 
generated  by  adding  cold  freshly  boiled  dilute  sulfuric  acid  to  a 
strong  solution  of  sodium  bicarbonate  which  has  been  previously 
boiled  and  cooled.  Cylinder  carbon  dioxide  of  the  highest  purity 
may  be  used,  but  it  is  not  recommended  because  of  the  wide  vari¬ 
ation  in  the  purity  of  different  cylinders  of  gas.  During  the 
determination  a  slow  stream  of  carbon  dioxide  is  drawn  from  C 
by  way  of  tube  E  through  the  whole  apparatus.  (Two  tubes 
E  are  shown  in  the  diagram,  but  only  one  is  necessary.)  E  con¬ 


tains  water  and  is  of  help  in  adjusting  the  rate  of  flow  of  the 
carbon  dioxide. 

The  other  tube  leading  from  the  reaction  flask  is  connected 
with  the  absorption  tubes,  F  and  G,  which  contain  the  standard 
dichromate  solution.  These  tubes  are  immersed  in  a  vessel 
through  which  passes  a  stream  of  water  for  cooling  purposes. 
The  gaseous  products  of  the  reaction,  together  with  carbon 
dioxide,  bubble  through  the  dichromate,  which  absorbs  any 
reducing  agent.  Trap  H  is  inserted  as  a  precaution  against  the 
loss  of  dichromate  by  splashing,  which  may  occur  if  too  rapid  a 
stream  of  carbon  dioxide  is  passed. 

The  whole  system  is  under  a  vacuum  of  some  680  mm.  of 
mercury  throughout  the  determination,  and  any  possibility  of 
the  entry  of  air  is  precluded  by  the  insertion  of  the  Bunsen  valve, 
J,  in  the  line. 

If  the  equipment  is  available,  the  rubber-stoppered  reaction 
flask  can  be  replaced  by  one  having  a  ground-glass  stopper  with 
glass  inlet  and  outlet  tubes,  and  glass  stopcocks  can  be  used 
wherever  metal  pinchcocks  are  indicated  in  the  drawing.  The 
Bunsen  valve  can  likewise  be  replaced  by  a  glass  float  valve.  Pre¬ 
cautions,  however,  must  be  taken  to  avoid  sticking  of  the  ground- 
glass  joints. 

Preparation  of  Sample.  Since  all  reducing  agents,  such  as 
metallics,  carbides,  sulfides,  etc.,  react  with  phosphoric  acid,  the 
preparation  of  the  sample  is  important.  Many  chromites,  after 
heat-treating,  are  magnetic  and,  therefore,  removal  of  iron  by  a 
magnet  is  precluded. 

The  sample  is  crushed  carefully  in  hardened  steel,  then  ground 
in  a  porcelain  ball  mill  with  nonmetallic  balls  until  all  passes  100 
B.  S.  mesh.  A  10-gram  sample  is  ground  to  pass  through  a  325- 
mesh  Bureau  of  Standards  screen  in  an  agate  or  mullite  mortar. 
Fine  grinding  is  essential  because  of  the  time  of  solution. 

Procedure.  Twenty-five  milliliters  of  the  phosphoric- 
sulfuric  acid  mixture  are  placed  in  flask  A,  and  0.5  gram  of  the 
325-mesh  ore  is  introduced  on  top  of  the  acid.  When  the  sample 
has  become  wetted,  the  liquid  is  swirled  in  the  flask  until  all 
small  lumps  have  been  broken  up.  Fifteen  milliliters  of  0.1  N 
potassium  dichromate  are  placed  in  absorption  tube  F  and  5  ml. 
in  G,  diluted  with  10  ml.  of  water.  Clamp  K  and  stopcock  L 
are  then  closed,  and  the  apparatus  is  connected  as  shown  in  the 
diagram,  A,  resting  in  the  cooling  hole  of  the  air  bath  for  the  time 
being.  The  vacuum  pump  is  then  started  and  L  opened  slowly, 
care  being  taken  to  avoid  excessive  splashing  in  the  absorption 
tubes  as  the  evacuation  of  the  apparatus  proceeds.  When  the 
stopcock  is  fully  open  and  bubbling  in  the  tubes  has  ceased,  K  is 
opened  carefully  and  carbon  dioxide  is  allowed  to  pass  at  the 
rate  of  about  one  bubble  per  second,  as  observed  in  E.  A  is 
then  placed  in  the  hole  over  the  air  bath,  and  is  held  in  position 
by  inverted  U-shaped  wire  supports  which  stand  in  holes  drilled 
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in  the  air  bath  cover.  The  bath  is  maintained  at  a  temperature 
of  360°  to  380°  C. 

Little  or  no  solution  of  the  ore  takes  place  until  all  the  water 
has  evaporated  from  the  acid  mixture,  after  which  the  ore  dis¬ 
solves  fairly  rapidly.  The  time  required  for  completion  of  the 
reaction  varies  from  35  to  90  minutes,  depending  on  the  ore. 
With  some  ores  it  is  necessary  to  raise  the  temperature  of  the 
bath  somewhat,  but  this  should  be  avoided  if  possible,  as  the 
silica  liberated  from  the  glass  of  the  flask  coats  the  remaining 
particles  of  ore,  rendering  solution  even  more  difScult.  The 
reaction  is  complete  at  the  point  when  bubbles  cease  to  form  in 
the  acid  mixture,  but  heating  is  continued  for  about  10  minutes 
after  this  point  is  reached. 

The  flask  is  then  removed  to  the  cooling  hole  of  the  air  bath 
and  the  rate  of  flow  of  carbon  dioxide  is  increased  somewhat  in 
order  to  avoid  sucking  back  of  the  liquid  in  the  absorption  tubes 
and  to  ensure  complete  reaction  between  the  sulfur  dioxide  and 
the  potassium  dichromate.  After  about  5  minutes  L  is  closed 
and  more  carbon  dioxide  is  admitted  until  the  pressure  has 
reached  equilibrium  throughout  the  system. 

The  absorption  tubes  are  disconnected  and  the  contents 
poured  into  a  500-ml.  Erlenmeyer  flask.  The  tubes  and  connec¬ 
tions  are  carefully  washed  and  the  washings  added  to  the  main 
solution.  Five  milliliters  of  1  to  1  sulfuric  acid  are  added  and 
the  solution  is  diluted  to  about  250  ml.  An  excess  of  0.05  A 
ferrous  sulfate  solution  is  added,  using  o-phenanthroline  as  an 
indicator.  Not  less  than  10  ml.  is  added,  and  the  excess  is 
titrated,  using  0.05  A  potassium  permanganate  solution. 

Alternate.  Two  milliliters  of  40  per  cent  potassium  iodide 
solution  are  added,  and  the  liberated  iodine  is  titrated  against 
0.1  A  sodium  thiosulfate  to  a  green  color  having  a  faint  yellow 
tinge.  Starch  solution  is  added  and  the  titration  completed,  the 
end  point  being  reached  when  the  solution  loses  its  blue  color  and 
becomes  a  pale  apple  green.  This  end  point  is  sharp. 

Since  phosphoric  acid  varies  considerably  in  impurities,  it  is 
necessary  to  determine  the  blank  which  must  be  deducted  from 
each  determination.  The  blank  includes  impurities  in  the  acid 
and  the  amounts  of  standard  solutions  used  to  indicate  the  end 
point,  and  in  no  case  should  exceed  0.5  ml.  If  the  solvent,  con¬ 
sisting  of  4  parts  of  phosphoric  acid  and  1  part  of  sulfuric  acid, 
is  fumed  for  30  minutes  at  atmospheric  pressure,  the  blank  to  be 
deducted  from  the  determination  approaches  zero  very  closely. 
Boiling  the  solvent  is  considered  good  practice. 

Calculation.  The  equation 

2FeO  fl-  4H2SO4  =  Fe2(S04)3  T  S02  T  4H20 

shows  that  2  moles  of  ferrous  oxide  liberate  1  mole  of  sulfur 
dioxide,  which  is  equivalent  to  0.5  mole  of  oxygen  or  2  liters 
of  1  N  potassium  dichromate.  Hence  1  liter  of  0.1  A  dichro¬ 
mate  is  equivalent  to  0.1  mole  of  ferrous  oxide  in  the  deter¬ 
mination,  so  that  if  A  ml.  is  the  combined  volume  of  0.1  A  po¬ 
tassium  dichromate  used  in  the  two  absorption  tubes,  and  B 
ml.  of  0.1  N  sodium  thiosulfate  is  required  to  titrate  the  iodine 
liberated  by  the  dichromate  remaining  after  the  reaction, 
(A — B )  ml.  of  potassium  dichromate  has  been  reduced.  Then 
if  W  gram  is  the  weight  of  the  sample 

4  _  R 

Percentage  of  FeO  =  0.7185  X  — ^ — 

Limitations  of  Test.  It  is  clear  that  the  method  will  fail 
if  the  sample  contains  carbon,  sulfides,  metallics,  or  any  reduc¬ 
ing  substance  other  than  ferrous  oxide,  as  these  will  also  liber¬ 
ate  sulfur  dioxide  from  the  sulfuric  acid.  (It  is  possible  to  re¬ 
move  reducing  substances  from  chrome  ore  by  ignition  in  air 
at  1000°  F.  without  appreciably  altering  the  ferrous  iron 
content.)  On  the  other  hand,  they  may  sometimes  be  used  for 
the  determination  of  these  reducing  substances  if  present  alone. 
Experiments  with  pure  iron  were  found  to  give  accurate  re¬ 
sults  by  this  method. 

Determination  of  Chromium.  The  acid  solution  ob¬ 
tained  during  the  determination  of  ferrous  iron  in  a  chromium 
ore  may  be  used  for  the  determination  of  chromium,  eliminat¬ 
ing  the  need  for  a  sodium  peroxide  fusion. 

Water  is  added  to  the  flask  while  still  hot.  If  the  phosphoric 
acid  solution  is  allowed  to  cool  too  much  it  becomes  very  thick 


and  viscid,  and  is  difficult  to  dissolve.  The  solution  is  washed 
into  a  600-ml.  beaker  and  diluted  to  200  ml.,  25  ml.  of  1  to  1 
sulfuric  acid,  1  ml.  of  1  per  cent  silver  nitrate  (catalyst),  50  ml. 
of  40  per  cent  ammonium  persulfate,  and  at  least  5  or  6  drops  of 
strong  potassium  permanganate  solution  (2.5  per  cent)  are  added, 
and  the  solution  is  boiled  for  10  minutes.  The  presence  of 
manganese  is  necessary  to  obtain  complete  oxidation  of  the 
chromium  during  this  operation.  The  amount  of  manganese 
in  most  chrome  ores  is  insufficient.  Two  milliliters  of  1  to  1 
hydrochloric  acid  are  then  added  and  the  boiling  is  continued  for 
a  further  5  minutes,  precipitating  the  silver  and  destroying  any 
permanganate  that  may  have  been  formed  from  manganese 
present  in  the  ore. 

The  cooled  solution  is  diluted  to  350  ml.  and  6  drops  of  o-phe- 
nanthroline  indicator  are  added.  Standard  ferrous  sulfate  (ap¬ 
proximately  0.2  A)  is  added  from  a  buret,  with  stirring,  until  the 
liquid  turns  red,  and  then  about  10  ml.  more.  The  excess  of 
ferrous  sulfate  is  found  by  titration  with  0.1  A  potassium  per¬ 
manganate  until  the  solution  assumes  a  clear  green  color. 

Alternate.  The  solution  is  cooled,  2  ml.  of  40  per  cent  potas¬ 
sium  iodide  are  added,  and  the  iodine  liberated  is  titrated  against 
0.1  A  sodium  thiosulfate.  The  thiosulfate  titration  is  directly 
proportional  to  the  chromium  content  of  the  ore. 

The  equation 

2Cr203  -|“  302  =  4Cr03 

shows  that  12  liters  of  1  A  permanganate  are  equivalent  to  304 
grams  of  chromium  trioxide,  so  that  1  ml.  of  0.1  A  potassium 
permanganate  is  equivalent  to  0.002533  gram  of  chromium  tri¬ 
oxide.  If  the  amount  of  ferrous  sulfate  added  is  equivalent  to 
A  ml.  of  0.1  A  potassium  permanganate  and  the  final  titration  is 
B  ml.  of  0.1  A  potassium  permanganate,  the  chromium  trioxide 
in  the  sample  is  equivalent  to  (A  —  B)  ml.  of  0.1  A  potassium 
permanganate.  Hence,  if  the  weight  of  the  sample  of  chrome 
ore  is  W  gram 

Percentage  of  Cr203  =  0.2533  X  ^  w  ^ 


Summary 

The  method  outlined  is  not  perfect,  but  it  gives  the  most  ac¬ 
curate  resuits  of  any  method  which  has  come  to  the  author’s 
attention.  It  is  satisfactory  for  control.  Boiling  the  solvent, 
4  parts  of  phosphoric  acid  and  1  part  of  sulfuric  acid,  for  30 
minutes  decreases  the  blank  to  an  exceedingly  low  value. 
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Baume-Dextrose  Equivalent-Dry  Substance 
Tables  for  Corn  Sirup  and  Corn  Sugar 
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Union  Starch  &  Refining  Co.,  Granite  City,  Ill. 


Tables  covering  the  Baume-dextrose 
equivalent-dry  substance  relationship  for 
corn  sirup  and  corn  sugar  sirup  are  pre¬ 
sented.  These  are  based  on  extensive  re¬ 
search  on  a  method  (previously  presented) 
for  determination  of  dry  substance.  Dry 
substance  for  a  given  Baume  increases  with 
increasing  dextrose  equivalent.  Commer¬ 
cial  Baume  is  defined  as  Be.  =  Be.  140°/ 
60°  F.  +  1.000.  The  tables  have  been  accepted 
by  the  Corn  Industries  Research  Founda¬ 
tion  for  use  by  its  member  companies,  all 
refiners  of  the  corn  wet-milling  industry. 


APPROXIMATELY  1,500,000,000  pounds  of  corn  sirup 
±\_  and  125,000,000  pounds  of  crude  corn  sugar  are  pro¬ 
duced  annually  in  the  United  States.  The  confectioners’ 
industry  is  the  largest  consumer  of  corn  sirup,  although  sub¬ 
stantial  quantities  are  used  by  the  baking,  canning,  preserv¬ 
ing,  mixed  table  sirups,  and  ice  cream  industries.  Crude 
sugars  in  either  billet  or  chipped  form — No.  “70”  and  No. 
“80” — are  used  in  the  manufacture  of  rayon,  leather,  caramel 
color,  and  tobacco. 

Corn  sirup  is  the  thick,  viscous,  substantially  colorless 
sirup  obtained  from  the  incomplete  hydrolysis  of  starch.  It 
is  sold  on  the  basis  of  Baume  and  dextrose  equivalent  and  in 
the  trade  is  often  referred  to  as  corn  sirup  unmixed  or,  more 
simply,  C.  S.  U.  The  Baum4  (commercial)  will  run  from  42° 
to  47°,  the  bulk  being  43°.  Dextrose  equivalent  (D.  E.)  is 
defined  within  the  industry  as  the  percentage  of  reducing 
sugars  calculated  as  dextrose,  expressed  on  a  dry  substance 
basis.  Under  this  general  classification,  commercial  sirup 
falls  roughly  into  four  groups:  brewers’  body  sirup,  25  to  35 
D.  E.;  standard  confectioners’  sirups,  40  to  45  D.  E.;  extra 
sweet  sirups,  50  to  57  D.  E.;  and  dual  conversion  sirup  (acid 
plus  enzyme),  60  to  70  D.  E.  The  names  for  the  first  three 
groups  are  general,  in  that  there  is  considerable  interchange 
in  the  use  of  these  sirups. 

Existing  tables  for  various  sugars,  covering  Baume-dry 
substance,  are  not  applicable  to  corn  sirup.  One  publication 
(7)  covers  a  small  range  of  Baumes.  Various  references  are 
to  be  found  in  the  trade  journals  covering  a  specific  Baume, 
usually  based  on  a  private  table  of  one  refiner.  The  industry 
has  lacked  uniform  Baum4-dry  substance  tables  primarily 
for  two  reasons:  (1)  The  amount  of  dry  substance  for  a 
given  Baum6  increases  with  increasing  dextrose  equivalent, 
and  (2)  there  was  considerable  dispute  in  the  industry  itself 
regarding  moisture  methods  and  the  stability  of  the  specific 
product  on  drying.  Through  an  extended  research  program, 
the  questions  of  methods  and  stability  have  been  solved  and 
these  methods  accepted  by  the  industry  and  published  (3-8). 

Since  commercial  com  sirups  are  extremely  viscous,  it  is 
difficult  to  obtain  satisfactory  readings  with  a  Baumd  hy¬ 
drometer  at  ordinary  temperatures.  To  eliminate  this  difficulty 
an  arbitrary  method  was  adopted  years  ago  and  is  still  in  use. 


It  consists  of  making  the  determination  at  140°  F.  (60°  C.) 
using  a  hydrometer  standardized  at  60°  F.,  adding  the  ar¬ 
bitrary  correction  of  1.00°  Baume  to  the  observed  reading. 
The  application  of  this  correction  approximately  corrects 
to  the  reading  at  100°  F.  The  hydrometer  used  is  that 
based  on  145  modulus,  60°  F.  (the  standard  in  the  United 
States  for  liquids  heavier  than  water).  Thus  commercial 
Baum6,  the  basis  for  sale,  is  designated  as  Baumd  =  Baum4 
140°/60°  F.  +  1.00.  The  use  of  a  hydrometer  at  80°  F. 
above  the  temperature  of  standardization  requires  special 
considerations  which  will  be  discussed  in  detail. 

When  the  temperature  of  observation  differs  from  that 
at  which  the  hydrometer  was  standardized — i.  e.,  the  normal 
reading — the  observed  reading  is  not  the  true  specific  gravity 
according  to  the  basis  of  the  instrument,  but  a  figure  which 
differs  from  the  normal  reading  by  an  amount  depending  upon 
the  difference  in  temperature  and  the  relative  thermal  ex¬ 
pansion  of  the  instrument  and  of  the  particular  liquid.  A 
table  of  temperature  corrections  of  considerable  precision 
may  be  determined,  provided  subsequent  hydrometers  are 
made  with  glass  of  the  same  thermal  expansion  and  of  the 
same  physical  dimensions  as  the  primary  standard.  The 
Baumes  in  the  following  tables  are  based  on  readings  made 
with  the  so-called  “streamlined”  type  hydrometers,  having 
a  range  of  10.00°  BA  graduated  to  0.1°  Be.  Hydrometers 
of  such  simple  design  have  definite  advantages  when  used  at 
temperatures  higher  than  that  of  standardization,  particularly 
in  viscous  liquids. 

Determination  of  Baume 

The  procedure  for  determination  of  Baume  on  corn  sirup 
requires  that  the  test  be  made  at  140 0  F.  This  temperature 
materially  reduces  the  viscosity  of  the  sirup,  but  introduces 
other  troubles. 

Evaporation.  Surface  evaporation  is  the  principal  difficulty. 
At  a  temperature  of  140°  F.,  water  is  lost  rapidly  by  evaporation 
at  the  surface.  As  water  is  lost,  a  tough  surface  skin  develops, 
which  must  be  removed  before  the  hydrometer  is  introduced. 
Even  so,  a  small  amount  of  skin  will  develop  during  the  reading 
of  the  hydrometer.  This  exerts  a  drag  on  the  free  movement  of 
the  hydrometer  and  its  effect  must  be  removed  before  the  read¬ 
ing  is  made.  Two  common  methods  are  employed  to  alleviate 
this  trouble,  both  of  which  are  only  partially  successful: 

1.  The  skin  may  be  removed  from  the  hydrometer  stem  by 
means  of  a  thin  straw,  such  as  a  broom  straw,  or  a  thin  wire. 

2.  The  skin  effect  on  the  hydrometer  is  retarded  or  minimized 
by  diluting  the  surface  sirup  around  the  stem  of  the  hydrometer. 
A  capillary  tube  is  used  to  place  small  drops  of  water  around  the 
stem. 

While  these  methods  help,  particularly  when  the  meniscus  is 
read  from  above,  they  cause  striations  through  density  differ¬ 
ences,  or  a  blurred  reading  when  the  hydrometers  are  read 
through  the  glass  at  plane  surface  level,  as  is  required  for  more 
accurate  work. 

Condensation.  When  the  sirup  under  test  is  placed  in  a 
cylinder  which  is  not  completely  filled  (in  order  to  allow  for 
added  volume  when  the  hydrometer  is  immersed),  water  vapor 
condenses  on  the  inner  surfaces  of  the  cylinder  and  subsequently 
runs  down  into  the  sirup.  This  produces  a  change  in  density, 
causing  density  striations  which  give  blurred  readings  when  the 
hydrometer  scale  is  read  through  the  glass  cylinder  at  plane 
surface  line. 

Time  for  Sirup  to  Attain  Bath  Temperature.  A  correct 
Baume  reading  is  obtainable  only  after  the  temperature  of  the 
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sirup  and  hydrometer  equals  that  of  the  bath — that  is,  140°  F. 
An  error  is  often  introduced  by  reading  the  Baum6  before  suffi¬ 
cient  time  has  elapsed  for  the  temperature  of  the  sirup  and 
hydrometer  to  attain  bath  temperature.  A  study  has  been  made 
of  the  time  necessary  (for  sirup  at  70  °  F.)  to  attain  bath  tempera¬ 
ture.  The  results  are  shown  in  Table  I.  When  glass  cylinders 
are  used,  a  longer  time  is  required. 

Effect  of  Air.  The  presence  of  air  in  com  simp  or  com 
sugar  simp  results  in  too  low  a  Baum6  reading.  A  serious  error 
is  often  introduced,  as  the  observer  fails  to  recognize  the  impor¬ 
tance  of  air  on  the  reading.  Sirup  must  be  free  of  air  before  an 
accurate  reading  can  be  obtained.  The  time  required  to  remove 
all  the  air  is  longer  than  generally  assumed,  and  in  the  case  of 
copper  cylinders  is  difficult  to  observe.  In  order  to  obtain  a 
measure  of  the  time  necessary  to  remove  all  the  air  from  the  sirup 
in  a  cylinder,  the  following  experiment  was  made: 

Corn  sirups  (42  D.  E.)  of  different  Baumes  were  poured  with 
average  care  into  glass  cylinders  2  inches  in  inside  diameter  and 
the  cylinders  were  placed  in  a  water  bath  at  140°  F.  The  ob¬ 
served  time  required  for  all  the  air  trapped  in  the  pouring  oper¬ 
ation  to  float  to  the  surface  where  it  could  be  removed  by  skim¬ 
ming  was  as  follows: 


0  Be.  Hours 

42  1 

43  3.5 

44  6 

45  24 

46  95 


The  effect  of  small  residual  quantities  of  trapped  air  is  too  often 
discounted  as  insignificant.  In  order  to  determine  the  magni¬ 
tude  of  this  effect,  the  following  test  was  made: 

Com  sirups  (42  D.  E.)  of  different  Baum 6s  were  poured  into 
glass  cylinders,  which  were  placed  in  a  water  bath  at  140°  F. 
When  the  temperature  in  all  the  cylinders  reached  140°  F.,  a 
stream  of  air  was  introduced  through  a  capillary  for  an  equal 
period  of  time  in  all  cylinders,  after  which  the  Baum6  was  read  at 
stated  intervals  and  the  amount  of  deviation  between  the  ob¬ 
served  reading  and  that  on  the  final  air-free  sirup  determined. 
(Table  II). 

These  data  show  the  danger  of  introducing  errors  through 
occluded  air,  since  an  analyst,  noting  that  the  reading  on  the 
46°  B6.  sirup  had  been  constant  for  60  minutes,  would  assume 
constancy  and  report  a  false  reading.  Apparently  in  simps  of 
such  high  viscosity,  the  effect  of  small  amounts  of  residual  air  is 
more  slowly  transmitted  to  the  hydrometer,  for  in  cross  checks 
between  laboratories  on  such  samples  there  is  always  better 
agreement,  although  the  data  are  invariably  low. 

Effect  of  Grease,  etc.,  on  Hydrometer  Reading.  Very 
small  traces  of  grease,  etc.,  have  a  noticeable  effect  on  the  hy¬ 
drometer  position,  particularly  in  the  range  of  35°  to  43°  B6. 
Errors  caused  by  surface  effects  can  be  eliminated  in  many 
liquids  through  the  use  of  an  overflow  (£)  which  renews  the  sur¬ 
face  of  the  liquid,  but  this  is  not  practical  in  the  case  of  com 
simp.  At  least,  the  cylinder  and  hydrometer  used  can  be  thor¬ 
oughly  cleaned  by  sulfuric  acid-sodium  bichromate  mixture,  and 
the  hydrometer  can  be  kept  clean  and  free  from  grease  by  touch¬ 
ing  only  the  portion  of  the  stem  above  the  scale  during  ma¬ 
nipulation. 


Table  I.  Time  to  Attain  Bath  Temperature 

Commercial  Baumd  of  Corn  Sirup 
42°  43°  44°  45°  46° 

Copper  Cylinder  Time  to  Reach  140°  F. 

Inches  Minutes 


2 

55 

70 

80 

90 

100 

2.25 

72 

86 

98 

111 

124 

2.5 

90 

107 

120 

136 

152 

3 

130 

155 

180 

205 

240 

Table  II.  Deviation 

Deviation  from  True  Baum4  Reading 

Time 

42° 

43° 

44° 

46° 

Min. 

°  Bi. 

°  Bi. 

0  Bi. 

0  Bi. 

10 

-0.14 

-0.16 

-0.28 

-0.15 

30 

-0.07 

-0.07 

-0.17 

-0.15 

60 

-0.02 

-0.05 

-0.07 

-0.15 

120 

-0.00 

-0.01 

-0.02 

-0.07 

1010 

.... 

.... 

-0.03 

Although  the  difficulties  in 
the  accurate  determination 
of  Baum6  in  com  sirup  are 
many,  it  is  believed  that 
the  official  referee  method 
adopted  by  the  Corn  In¬ 
dustries  Research  Founda¬ 
tion  overcomes  them  to  a 
large  extent. 

C.  I.  R.  F.  Official 
Referee  Method 
for  Ban  me 

The  necessary  equipment 
is  shown  in  Figure  1.  The 
important  step  in  the  proce¬ 
dure  is  the  method  of  sealing 
the  sample  in  the  cylinder, 
during  the  period  of  heating 
to  140°  F.  and  of  removing 
all  the  air.  The  equipment 
for  this  consists  of  two  rubber 
stoppers  which  fit  snugly  in 
the  cylinder,  and  are  sepa¬ 
rated  on  a  metal  rod  by  ap¬ 
proximately  3  inches.  The 
rod  is  fixed  in  the  bottom 
stopper,  but  does  not  extend 
through  it.  The  top  stopper 
is  free  to  move  on  the  rod, 
although  sufficiently  tight  to 
maintain  a  predetermined 
position.  Through  the  use 
of  these  stoppers,  little  or  no 
water  evaporates  from  the 
surface  and  cool  air  does  not 
reach  the  inner  walls  of  the 
cylinder,  thus  enabling  a  given  sample  of  sirup  to  remain 
in  the  bath  without  the  difficulties  previously  mentioned. 

Apparatus.  Water  bath,  32-gallon  capacity,  lagged,  equipped 
with  stirrer  and  metastatic  mercury  regulators  with  sensi¬ 
tivity  of  0.02°  C.,  set  at  100°  and  140°  F.  The  bath  was  further 
equipped  with  a  live  steam  inlet  to  raise  the  temperature  rapidly 
from  60°  to  100°  to  140°  F. 

Vacuum  ovens,  Weber,  with  Cenco  Megavac  pumps,  producing 
an  oven  pressure  of  less  than  1  mm. 

Distillation  apparatus,  as  described  ( 5 ,  7,  9).  Moisture  appa¬ 
ratus,  as  described  (3).  Pycnometers,  as  shown.  Hydrometer 
cylinders,  15  X  2.25  inch,  Pyrex,  without  lip.  Hydrometers, 
10.00°  Be.,  graduated  to  0.1°  B6. 

The  Corn  Industries  Research  Foundation  has  adopted  speci¬ 
fications  for  referee  hydrometers  to  be  used  by  the  industry  in 
the  sale  of  com  sirup.  These  specifications  conform  to  those  of 
the  hydrometers  used  in  the  preparation  of  the  tables  appearing 
here  and  are  as  follows: 

The  hydrometers  shall  be  the  streamlined  type,  145  modulus, 
standardized  at  60°  F.,  with  a  range  of  10.00°  B6.,  graduated  to 
0.1°  B6.,  manufactured  from  Kimble  flint  glass  with  a  linear 
coefficient  of  expansion  of  0.0000092. 

The  over-all  length  of  the  hydrometer  shall  be  not  more  than 
13  or  less  than  12  inches.  The  diameter  of  the  body  at  the  center 
shall  be  not  more  than  0.790  or  less  than  0.770  inch. 

For  35°  to  45°  Baum6  hydrometers,  the  scale  length  for  10 
Baum6  degrees  shall  not  be  more  than  155  mm.  or  less  than  147 
mm.  For  other  hydrometers,  the  scale  length  for  10  Baum6 
degrees  shall  not  be  more  than  140  mm.  or  less  than  130  mm. 
Hydrometers  to  these  specifications  are  made  and  stocked  by 
Wm.  Hiergesell  &  Sons,  New  York,  N.  Y.,  as  C.  I.  R.  F.  hydrom¬ 
eters. 

Procedure.  Pour  the  sirup  under  test  into  the  cylinder  within 
4  inches  of  the  top,  taking  care  that  the  sides  are  free  of  sirup. 
Seal  the  cylinder  with  the  dual  stoppers,  the  bottom  stopper 
being  placed  within  0.5  inch  of  the  sirup  surface  and  the  top 
stopper  closing  the  cylinder.  Place  the  cylinder  in  the  water 
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Table  III.  Expansion  of  Water 

Specific  Gravity 

Specific  Gravity 

Baum5  of 

of  Water, 

of  Water, 

Water, 

Temperature,  ° 

c. 

T°/ 4°  C. 

r°/15.56°  C. 

r°/15.56°  < 

15.56 

0 . 99904 

1 . 00000 

0.000 

37.78 

0.99307 

0.99402 

-0.872 

60.00 

0.98324 

0.98418 

-2.331 

Table  IV.  Specific  Gravities 


:mperature,  °  C. 

Specific 

Apparent 

Gravity 

Corrected 

Baum6,  Pycnometer  6 
Apparent  Corrected 

15.56/15.56 

1 . 00000 

1 . 00000 

0.000 

0.000 

37.78/15.56 

0.99423 

0.99402 

-0.842 

-0.872 

60.00/15.56 

0.98465 

0.98424 

-2.260 

-2.322 

15.56/15.56 

1.00000 

1.00000 

Pycnometer  7 

0.000  0.000 

37.78/15.56 

0.99423 

0.99402 

-0.842 

-0.872 

60.00/15.56 

0 . 98457 

0.98415 

-2.272 

-2.335 

bath  so  that  the  water  extends  to  within  1  inch  of  the  top.  At 
the  same  time,  run  distilled  water  into  a  second  cylinder,  place 
the  test  hydrometer  in  it,  and  place  in  the  water  bath.  When 
the  sirup  is  free  of  air,  place  the  cylinder  on  a  higher  shelf,  so  that 
the  surface  of  the  sirup  will  extend  about  0.5  inch  above  the 
water  after  immersing  the  hydrometer.  Remove  dual  stoppers 
from  the  cylinder.  Remove  test  hydrometer  by  contact  with 
top  of  the  stem,  dry  quickly  with  clean  towel,  and  immerse  in  the 
sirup. 

In  approximately  10  minutes  read  the  hydrometer  at  intervals 
of  2  minutes  through  the  cylinder,  taking  every  care  to  avoid 
parallax.  Read  until  two  or  more  readings  are  identical.  Watch 
carefully  that  the  sirup  meniscus  is  uniform  around  the  hydrom 
eter  stem.  Usually  it  is  necessary  to  add  a  very  small  drop  of 
water  at  the  stem  meniscus.  To  the  observed  reading  of  the 
hydrometer  add  any  correction  found  necessary  from  the  pre¬ 
vious  standardization  against  a  Bureau  of  Standards  hydrom¬ 
eter. 

Ban  me  by  Pycnometers 

In  the  initial  work  Baumes  were  determined  by  hydrom¬ 
eters  as  given  above.  Hydrometers  were  compared  with 
an  instrument  certified  by  the  Bureau  of  Standards  at  five 
points.  The  Baumd  reading  on  distilled  water  was  —0.71° 
at  100°  F.,  and  —2.01°  at  140°  F.  The  Baum6  on  a  given 
sirup  was  the  average  of  the  readings  of  two  or  more  observers. 
In  view  of  the  large  amount  of  data  necessary  for  complete 
tables,  this  method  was  so  laborious  and  tedious  that  the 
determination  of  Baum£  was  transferred  from  hydrometers 
to  pycnometers,  whereby  two  or  more  could  be  employed 
on  a  single  sirup  by  one  analyst,  and  greater  accuracy  could 
be  obtained. 

The  initial  work  was  started  with  the  usual  type  of  flat- 
bottomed  pycnometers,  but  it  was  found  that  when  used  at 
elevated  temperatures,  each  expanded  differently  according 
to  some  small  change  in  design.  Accordingly,  a  new  type  of 
pycnometer  was  designed  in  the  form  of  a  sphere  with  standard 
taper  joints  of  Pyrex,  as  shown  in  Figure  2. 

These  pycnometers  agreed  among  themselves  when  used 
at  elevated  temperatures,  and  specific  gravities  at  100°/60°  F. 
and  140°/60°  F.  were  close  to  the  true  specific  gravity 
after  correction  for  the  expansion  of  glass,  as  will  be  seen  from 
the  following  tables.  Table  III  gives  the  theoretical  ex¬ 
pansion  of  water  itself,  specific  gravity  being  calculated  on  the 
basis  of  grams  per  milliliter. 

Table  IV  gives  the  data  obtained  by  two  typical  pycnom¬ 
eters,  showing  the  specific  gravities,  as  is  or  apparent,  and 
after  correction  for  the  cubical  expansion  of  Pyrex  (0.0000096 
per  °  C.). 

The  Baum4  readings  obtained  by  the  Pyrex  pycnometers 
did  not  check  the  values  of  hydrometers  for  distilled  water 
at  37.78°  and  60.00°  C.  As  the  glass  in  the  two  instruments 
was  different,  this  was  at  first  explained  on  the  basis  of  differ¬ 
ence  in  thermal  expansion. 


A  formula  was  developed  whereby  the  apparent  specific 
gravity  of  pycnometers  could  be  translated  to  hydrometer  read¬ 
ings.  The  basis  for  the  formula  was  the  hydrometer  readings  in 
distilled  water  at  37.78°  C.  (-0.71°  BA)  and  60.00°  C.  (-2.01° 
BA),  as  follows: 

TT  W2  +  (A  X  V  X  C) 

IF, 

when 

H  =  specific  gravity  at  T° / 15.56°  C.  (in  vacuum)  cor¬ 
responding  to  hydrometer  reading  at  T° 

Wt  =  weight  of  liquid  in  pycnometer  at  T°,  corrected  to 
vacuum 

W\  =  weight  of  water  in  pycnometer  at  15.56°  C.,  cor¬ 
rected  to  vacuum 

A  =  apparent  specific  gravity 

V  =  volume  of  pycnometer  at  15.56°  C. 

C  =  correction 

or 

n  _  WiH  —  W2 
C  AV 

The  seven  pycnometers  used  had  an  average  capacity  of  80  ml. 
The  average  value  for  C  at  37.78°  C.  was  0.00089  and  at  60°  C. 
was  0.00175. 

The  apparent  specific  gravi¬ 
ties  by  pycnometers  on  various 
concentrations  of  corn  sirup, 
employing  the  correction  as  in¬ 
dicated  above,  were  compared 
with  actual  readings  by  hy¬ 
drometers  in  the  same  sirup  and 
found  to  agree  within  0.01  °  BA 
The  same  relationship  was  found 
true,  employing  sulfuric  acid 
solutions  at  the  temperatures 
indicated. 

In  Tables  V  to  XVI,  the 
Baume  recorded  is  in  all  cases 
the  hydrometer  reading  at  the 
temperature  indicated.  The 
specific  gravity  in  air  is  the 
corresponding  value  of  the 
BaumA  In  the  case  of  the 
60°/60°  F.  tables,  the  Baumd 
reading  is  true,  as  is  also  the  specific  gravity  in  air.  However, 
in  the  tables  at  100°/60°  F.  and  140°/60°  F.,  the  Baumd 
reading  and  the  assigned  specific  gravity  are  apparent.  True 
specific  gravity — vacuum — can  be  obtained  for  Baum6  read¬ 
ings  at  the  three  table  temperatures  by  means  of  Table  V, 
which  covers  the  corrections  to  be  subtracted  from  the  as¬ 
signed  specific  gravity  in  air. 

Determination  of  Moisture 

Corn  sirup  is  extremely  stable  at  the  temperatures  en¬ 
countered  in  the  usual  moisture  determination  methods.  It 
can  be  dried  without  decomposition  as  high  as  112°  C.,  if  the 
pH  of  the  product  is  within  the  range  of  4.5  to  5.5.  The  basis 
for  this  statement  is  that  identical  values  can  be  obtained 
by  benzene  distillation  (80-81°  C.),  vacuum  oven  drying 
(100°  C.),  and  toluene  distillation  (112°  C.),  and  the  results 
of  these  determinations  can  be  correlated  to  others  obtained 
at  much  lower  temperatures  through  special  methods  (S,  8) . 

In  a  moisture  determination,  the  problem  involved  is  that 
of  spreading  the  corn  sirup  over  a  sufficiently  large  surface 
so  that  the  moisture  can  be  removed  quickly  and  com¬ 
pletely  ( 3 ,  7,  8,  9). 

Crude  corn  sugars,  in  contrast  to  corn  sirups,  are  more 
variable  among  manufacturers,  and  are  marketed  with  several 
dextrose  equivalents  and  ash  contents.  They  are  more  sus- 


Figure  2.  Pycnom¬ 
eter 


196 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  3 


Table  V.  Corrections 


, - Corrections  to  Be  Subtracted - • 


Hy- 

Assigned 

Expan- 

Hy- 

True 

drom- 

Specific 

sion 

drometer 

Specific 

eter 

Gravity, 

Air  to 

of 

cor- 

Gravity 

Reading 

Air 

vacuum 

glass 

rection 

Total 

Vacuum 

60°/60°  F. 

0.00 

1 . 0000 

0.00000 

0 . 0000 

1.0000 

5.00 

1.0358 

0.00005 

0.0001 

1.0357 

10.00 

1.0742 

0.00012 

0.0001 

1.0741 

15.00 

1.1156 

0.00019 

0 . 0002 

1.1154 

20.00 

1 . 1602 

0.00025 

0.0002 

1.1600 

25.00 

1.2086 

0.00031 

0.0003 

1.2083 

30.00 

1.2612 

0.00037 

0 . 0003 

1.2609 

35.00 

1.3186 

0 . 00043 

0 . 0004 

1.3182 

40.00 

1.3815 

0.00050 

0 . 0005 

1.3810 

45.00 

1.4506 

0.00056 

0.0006 

1.4500 

100°/60°  F. 

-0.71 

0.9951 

-0.00001 

0.00021 

0.00085 

0.00105 

0.9940 

0.00 

1 . 0000 

0.00000 

0.00021 

0.00090 

0.00111 

0.9989 

5.00 

1.0358 

0.00005 

0.00022 

0.00093 

0.00120 

1.0346 

10.00 

1 . 0742 

0.00012 

0.00023 

0.00095 

0.00130 

1.0729 

15.00 

1.1156 

0.00019 

0.00024 

0.00100 

0.00143 

1.1142 

20.00 

1 . 1602 

0.00025 

0.00025 

0.00104 

0.00154 

1 . 1587 

25.00 

1 . 2086 

0.00031 

0.00026 

0.00108 

0.00165 

1.2069 

30.00 

1.2612 

0.00037 

0.00027 

0.00113 

0.00177 

1.2594 

35.00 

1.3186 

0.00043 

0.00028 

0.00117 

0.00188 

1.3167 

40.00 

1.3815 

0.00050 

0.00030 

0.00120 

0 . 00200 

1.3795 

45.00 

1.4506 

0.00056 

0.00031 

0.00124 

0.00211 

1.4485 

140°/60°  F. 

-2.01 

0.9864 

-0.00002 

0.00042 

0.00166 

0.00206 

0.9843 

0.00 

1 . 0000 

0.00001) 

0.00042 

0.00174 

0.00216 

0.9978 

5.00 

1.0358 

0.00005 

0.00044 

0.00184 

0.00233 

1.0335 

10.00 

1 . 0742 

0.00012 

0 . 00046 

0.00191 

0.00249 

1.0717 

15.00 

1.1156 

0.00019 

0 . 00047 

0.00199 

0.00265 

1.1129 

20.00 

1.1602 

0.00025 

0.00050 

0.00206 

0.00281 

1.1574 

25.00 

1.2086 

0.00031 

0 . 00052 

0.00215 

0.00298 

1.2056 

30.00 

1.2612 

0.00037 

0.00055 

0.00222 

0.00314 

1.2581 

35.00 

1.3186 

0.00043 

0 . 00057 

0.00230 

0.00330 

1.3153 

40.00 

1.3815 

0.00050 

0.00059 

0.00238 

0.00347 

1.3780 

45.00 

1.4506 

0.00056 

0.00061 

0.00246 

0.00363 

1.4470 

Table  VI.  Experimental  Be.-D.  E.-D.  S. 


(140°/60° 
42.00  D.  E. 

.  F  = 
55.00 

Factor  = 
D.  E. 

=  D.  S./B4.  +  2.01) 

89.00  D.  E.  90.7  D.  E. 

Baum4 

F 

D.  S. 

F 

D.  S. 

F 

D.  S. 

F 

D.  S. 

-1.00 

1.7469 

1.76 

1.7553 

1.78 

1.7830 

1.80 

1.7823 

1.80 

0.00 

1.7479 

3.51 

1.7566 

3.53 

1 . 7845 

3.59 

1.7838 

3.59 

1.00 

1.7489 

5.26 

1 . 7579 

5.29 

1.7861 

5.38 

1.7854 

5.37 

2.00 

1.7499 

7.02 

1.7593 

7.06 

1.7876 

7.17 

1.7870 

7.17 

3.00 

1.7510 

8.77 

1.7607 

8.82 

1.7893 

8.96 

1.7886 

8.96 

4.00 

1.7521 

10.53 

1.7619 

10.59 

1.7909 

10.76 

1.7901 

10.76 

5.00 

1.7532 

12.29 

1.7633 

12.36 

1.7925 

12.57 

1.7917 

12.56 

6.00 

1.7543 

14.05 

1.7647 

14.14 

1.7942 

14.37 

1.7934 

14.37 

7.00 

1.7554 

15.82 

1.7661 

15.91 

1.7959 

16.18 

1.7951 

16.17 

8.00 

1.7565 

17.58 

1.7675 

17.69 

1.7977 

18.00 

1.7968 

17.99 

9.00 

1.7577 

19.35 

1.7689 

19.48 

1.7994 

19.81 

1.7985 

19.80 

10.00 

1.7589 

21.12 

1.7704 

21.26 

1.8012 

21.63 

1.8003 

21.65 

11.00 

1.7601 

22.90 

1.7719 

23.05 

1.8031 

23.46 

1.8021 

23.42 

12.00 

1.7614 

24.68 

1.7733 

24.84 

1.8050 

25.29 

1.8040 

25.28 

13.00 

1.7627 

26.46 

1.7749 

26.64 

1.8070 

27.12 

1.8058 

27.11 

14.00 

1.7640 

28.24 

1.7764 

28.44 

1.8090 

28.96 

1.8077 

28.94 

15.00 

1.7654 

30.03 

1.7780 

30.24 

1.8110 

30.80 

1.8097 

30.78 

16.00 

1.7668 

31.82 

1.7796 

32.05 

1.8131 

32.65 

1.8117 

32.63 

17.00 

1.7682 

33.61 

1.7813 

33.86 

1.8152 

34.51 

1.8138 

34.48 

18.00 

1.7697 

35.41 

1.7830 

35.68 

1.8174 

36.37 

1.8159 

36.34 

19.00 

1.7711 

37.21 

1.7847 

37.50 

1.8196 

38.23 

1.8181 

38.20 

20.00 

1.7727 

39.02 

1.7865 

39.32 

1.8220 

40.10 

1.8203 

40.06 

21.00 

1.7742 

40.82 

1 . 7883 

41.15 

1.8244 

41.98 

1.8227 

41.94 

22.00 

1.7758 

42.64 

1.7902 

42.98 

1.8268 

43.86 

1 . 8250 

43.82 

23.00 

1.7775 

44.46 

1.7921 

44.82 

1.8294 

45.75 

1.8275 

45.71 

24.00 

1.7793 

46.28 

1 . 7940 

46.66 

1 . 8320 

47.65 

1.8300 

47.60 

25.00 

1.7810 

48.10 

1.7960 

48.51 

1 . 8347 

49.56 

1.8326 

49.50 

26.00 

1.7829 

49.94 

1.7981 

50.37 

1.8375 

51.47 

1.8354 

51.41 

27.00 

1 . 7848 

51.78 

1.8003 

52.23 

1.8404 

53.39 

1 . 8382 

53.33 

28.00 

1.7867 

53.62 

1 . 8025 

54.09 

1 . 8433 

55.32 

1.8411 

55.25 

29.00 

1 . 7887 

55.47 

1 . 8048 

55.97 

1.8464 

57.26 

1.8441 

57.19 

30.00 

1.7908 

57.32 

1.8071 

57.85 

1 . 8496 

59.21 

1.8472 

59.13 

31.00 

1.7930 

59.18 

1.8095 

59.73 

1.8529 

61.16 

1.8505 

61.09 

32.00 

1.7952 

61.05 

1.8120 

61.63 

1.8563 

63.13 

1.8538 

63.05 

33.00 

1.7975 

62.93 

1.8146 

63.53 

1.8598 

65.11 

1.8572 

65.02 

34.00 

1.7999 

64.81 

1.8173 

65.44 

1.8634 

67.10 

1 . 8607 

67.00 

35.00 

1.8024 

66.71 

1.8201 

67.36 

1 . 8672 

69.11 

1 . 8644 

69.00 

36.00 

1.8051 

68.61 

1.8231 

69.30 

1.8710 

71.12 

1.8681 

71.01 

37.00 

1 . 8078 

70.52 

1.8261 

71.24 

1 . 8750 

73.14 

1 . 8720 

73.03 

38.00 

1.8107 

72.45 

1.8293 

73.19 

1.8791 

75.18 

1.8760 

75.06 

39.00 

1.8137 

74.38 

1.8326 

75.16 

1.8834 

77.24 

1.8801 

77.10 

40.00 

1.8169 

76.33 

1.8361 

77.14 

1 . 8877 

79.30 

1.8845 

79.17 

41.00 

1.8202 

78.29 

1.8397 

79.13 

1.8922 

81.38 

1.8890 

81.25 

42.00 

1.8237 

80.26 

1.8436 

81.14 

1.8968 

83.48 

1.8935 

83.33 

43.00 

1 . 8273 

82.25 

1 . 8477 

83.17 

1.9017 

85.60 

1.8982 

85.44 

44.00 

1.8311 

84.25 

1.8518 

85.20 

1.9066 

87.72 

1.9030 

87.56 

45.00 

1 .8350 

86.26 

1.8562 

87.26 

1.9116 

89.86 

1.9079 

89.69 

46.00 

1.8391 

88.30 

1.8609 

89.34 

1.9168 

92.03 

1.9130 

91.84 

ceptible  to  decomposition  because  of  a  larger  protein,  acid,  and 
ash  content.  Further,  as  the  dextrose  equivalent  of  the 
starch  hydrolysate  increases,  the  material  retains  its  water 
more  tenaciously.  This  appears  to  reach  a  peak  at  about 
82  D.  E.  Thus  the  problem  of  drying  has  been  to  remove 
these  last  traces  of  residual  moisture,  without  resorting  to 
high  temperatures  which  lead  to  decomposition.  Occasion¬ 
ally  with  some  lots  of  crude  sugar,  the  vacuum  oven  pro¬ 
cedure  described  gave  results  which  made  the  distinction 
between  the  last  traces  of  water  removal  and  decomposition 
a  difficult  decision.  In  such  cases  benzene  distillation  was 
employed  as  confirmative.  The  basis  for  this  conclusion  is 
described  elsewhere  (5,  6). 

The  determination  of  moisture  in  corn  sirup  and  corn 
sugar  is  discussed  fully  elsewhere  (8-9).  The  methods  used 
were  as  follows: 

Corn  Sirup.  Filter-Cel  method  (diatomaceous  silica,  Johns 
Manville  Hy-Flo),  vacuum  oven  at  100°  C.;  alternative  meth¬ 
ods,  toluene  distillation  and  benzene  distillation. 

Corn  Sugar.  For  80  to  92  D.  E.,  Filter-Cel  method,  vacuum 
oven  at  80°  C.;  alternative,  benzene  distillation. 

Preparation  of  Sample.  The  sirups  used  for  the  tables 
were  from  two  factories.  The  heavy  sirups  or  solid  sugars 
were  diluted  with  distilled  water,  refined  with  activated  carbon, 
and  either  diluted  further  or  concentrated  under  vacuum  to  the 
desired  density.  The  warm  sirup  was  run  into  a  2-liter  round- 
bottomed  flask  fitted  with  rubber  stopper  and  stopcock.  The 
flask  was  then  evacuated  to  a  pressure  of  70  to  75  mm.  (mercury) 
by  a  water  pump  and  slowly  cooled  to  80  °  to  90 0  F.  During  the 
cooling  process  the  sirup  was  constantly  stirred  by  rotating  the 
flask.  A  homogeneous  cooled  sample  substantially  free  from 
dissolved  air  was  obtained  by  this  procedure.  The  cold  sample 
was  transferred  carefully  to  4-ounce  glass  bottles,  fitted  with 


Table  VII.  Experimental  Be.-D.  E.-D.  S. 


(100°/60°.  F  =  Factor  =  D.  S./B6.  +0.71) 


42.00 

D.  E. 

55.00 

D.  E. 

89.00 

D.  E. 

90.7  D.  E. 

Baum4 

F 

D.  S. 

F 

D.  S. 

F 

D.  S. 

F 

D.  S. 

0.00 

1 . 7544 

1.25 

1.7680 

1.26 

1.7927 

1.27 

1.7898 

1.27 

1.00 

1.7555 

3.00 

1.7692 

3.03 

1.7943 

3.07 

1.7914 

3.06 

2.00 

1.7567 

4.76 

1.7704 

4.80 

1.7959 

4.87 

1.7931 

4.86 

3.00 

1.7579 

6.52 

1.7716 

6.57 

1.7976 

6.67 

1.7948 

6.66 

4.00 

1.7591 

8.29 

1.7729 

8.35 

1.7993 

8.47 

1.7966 

8.46 

5.00 

1.7604 

10.05 

1.7741 

10.13 

1.8010 

10.28 

1.7984 

10.27 

6.00 

1.7617 

11.82 

1.7755 

11.91 

1 . 8028 

12.09 

1 . 8002 

12.08 

7.00 

1.7630 

13.59 

1.7768 

13.70 

1.8046 

13.91 

1 . 8020 

13.89 

8.00 

1.7643 

15.37 

1.7782 

15.49 

1.8065 

15.73 

1 . 8039 

15.71 

9.00 

1.7657 

17.15 

1.7796 

17.28 

1 . 8084 

17.56 

1.8058 

17.53 

10.00 

1.7671 

18.93 

1.7810 

19.07 

1.8104 

19.39 

1 . 8078 

19.36 

11.00 

1.7685 

20.71 

1.7825 

20.87 

1.8125 

21.22 

1 . 8098 

21.19 

12.00 

1.7699 

22.50 

1 . 7840 

22.67 

1.8145 

23.06 

1.8119 

23.03 

13.00 

1.7713 

24.28 

1.7855 

24.48 

1.8165 

24.90 

1.8140 

24.87 

14.00 

1.7728 

26.08 

1.7871 

26.29 

1.8187 

26.75 

1.8162 

26.72 

15.00 

1.7743 

27.88 

1.7888 

28.10 

1.8209 

28.61 

1.8184 

28.57 

16.00 

1.7759 

29.68 

1.7904 

29.92 

1.8231 

30.47 

1.8207 

30.42 

17.00 

1.7775 

31.48 

1.7921 

31.74 

1.8254 

32.33 

1.8230 

32.28 

18.00 

1.7791 

33.29 

1.7939 

33.56 

1.8278 

34.20 

1 . 8253 

34.15 

19.00 

1.7808 

35.10 

1.7957 

35.39 

1.8302 

36.07 

1 . 8277 

36.02 

20.00 

1.7825 

36.92 

1.7975 

37.22 

1.8327 

37.96 

1.8302 

37.90 

21.00 

1.7843 

38.74 

1.7994 

39.06 

1.8353 

39.85 

1.8328 

39.79 

22.00 

1.7861 

40.56 

1.8014 

40.91 

1.8379 

41.74 

1.8354 

41.68 

23.00 

1.7879 

42.39 

1 . 8034 

42.76 

1 . 8407 

43.64 

1.8381 

43.58 

24.00 

1.7898 

44.23 

1.8055 

44.61 

1.8435 

45.55 

1 . 8409 

45.49 

25.00 

1.7918 

46.07 

1 . 8077 

46.47 

1 . 8464 

47.47 

1 . 8437 

47.40 

26.00 

1.7938 

47.91 

1.8099 

48.34 

1 . 8494 

49.40 

1 . 8466 

49.32 

27.00 

1.7960 

49.77 

1.8122 

50.22 

1.8525 

51.33 

1 . 8497 

51.25 

28.00 

1 . 7982 

51.63 

1.8146 

52.10 

1.8556 

53.27 

1.8528 

53.19 

29.00 

1.8005 

53.49 

1.8171 

53.99 

1.8589 

55.23 

1.8560 

55.14 

30.00 

1 . 8028 

55.36 

1.8196 

55.88 

1.8623 

57.19 

1.8593 

57.10 

31.00 

1 . 8052 

57.24 

1 . 8223 

57.79 

1.8658 

59.16 

1.8626 

59.06 

32.00 

1.8077 

59.13 

1.8250 

59.70 

1.8694 

61.15 

1.8661 

61.04 

33.00 

1.8104 

61.03 

1 . 8279 

61.62 

1.8731 

63.14 

1.8697 

63.03 

34.00 

1.8131 

62.93 

1.8308 

63.55 

1 . 8769 

65.15 

1.8735 

65.03 

35.00 

1.8159 

64.85 

1.8338 

65.49 

1.8809 

67.17 

1.8774 

67.04 

36.00 

1.8189 

66.77 

1.8370 

67.44 

1.8850 

69.20 

1.8814 

69.07 

37.00 

1.8219 

68.70 

1 . 8403 

69.40 

1.8893 

71.25 

1.8855 

71.10 

38.00 

1.8251 

70.65 

1.8438 

71.37 

1.8936 

73.30 

1 . 8898 

73.15 

39.00 

1.8283 

72.60 

1 . 8474 

73.36 

1.8981 

75.37 

1 . 8943 

75.22 

40.00 

1.8317 

74.57 

1.8512 

75.36 

1.9028 

77.46 

1.8990 

77.31 

41.00 

1.8353 

76.55 

1.8552 

77.38 

1.9078 

79.57 

1 . 9038 

79.41 

42.00 

1.8391 

78.55 

1.8594 

79.41 

1.9129 

81.70 

1.9088 

81.53 

43.00 

1.8430 

80.56 

1.8637 

81.46 

1.9182 

83.84 

1.9140 

83.67 

44.00 

1.8470 

82.58 

1.8682 

83.53 

1.9236 

86.00 

1.9194 

85.82 

45.00 

1.8512 

84.62 

1 . 8728 

85.61 

1.9292 

88.18 

1.9250 

87.99 

46.00 

1.8556 

86.68 

1.8776 

87.70 

1.9350 

90.38 

1.9307 

90.18 

47.00 

1 . 8602 

88.75 

1.8826 

89.82 

1.9410 

92.61 

1 . 9367 

92.40 
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Table  VIII.  Experimental  Be.-D.  E.-D.  S. 

(60°/60°.  F  =  Factor  =  D.  S./B6.) 

42.00  D.  E.  55.00  D.  E.  89.00  D.  E.  90.7  D.  E. 


Baum4 

F 

D.  S. 

F 

0.00 

1.00 

1.7358 

0.00 

1.74 

1.7407 

2.00 

1.7371 

3.47 

1.7425 

3.00 

1.7385 

5.21 

1.7443 

4.00 

1.7399 

6.96 

1.7462 

5.00 

1.7413 

8.71 

1 . 7480 

6.00 

1 . 7427 

10.46 

1.7499 

7.00 

1.7441 

12.21 

1.7518 

8.00 

1.7456 

13.96 

1.7537 

9.00 

1.7471 

15.72 

1.7557 

10.00 

1 . 7487 

17.48 

1.7577 

11.00 

1.7503 

19.25 

1.7597 

12.00 

1.7519 

21.02 

1.7617 

13.00 

1.7536 

22.80 

1.7638 

14.00 

1.7553 

24.58 

1.7659 

15.00 

1.7571 

26.36 

1.7680 

16.00 

1.7589 

28.14 

1.7701 

17.00 

1.7608 

29.93 

1.7723 

18.00 

1.7627 

31.73 

1 . 7746 

19.00 

1.7646 

33.53 

1.7769 

20.00 

1.7666 

35.33 

1.7792 

21.00 

1.7687 

37.14 

1.7816 

22.00 

1.7708 

38.96 

1.7840 

23.00 

1.7730 

40.78 

1.7865 

24.00 

1 . 7752 
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screw  tops.  Ten  bottles  were  so  prepared.  One  bottle  was  used 
for  each  Baum6  and  each  moisture  determination.  The  specific 
gravity  determination  was  the  average  of  two  or  three  tests,  the 
variation  never  being  more  than  one  in  the  fourth  decimal  place. 
The  moisture  determinations  were  the  average  of  two  to  six  tests 
by  different  methods  and  carried  out  by  two  analysts.  The  maxi¬ 
mum  variation  between  analysts  was  0.03  per  cent  with  an  aver¬ 
age  of  0.015  per  cent. 


Dextrose  Equivalent  and  Ash 

Dextrose  equivalent  is  the  amount  of  reducing  sugars,  de¬ 
termined  by  the  Lane-Eynon  (10)  method,  expressed  as 
dextrose  on  the  dry  substance  obtained.  The  ash,  largely 
sodium  chloride,  was  determined  by  ashing  at  dull  red  heat 
according  to  the  A.  0.  A.  C.  procedure  ( 1 ).  The  results 
were  in  agreement  with  direct  determination  of  chlorides 
by  the  Volhard  titration. 

Procedure.  In  this  work  one  chemist  determined  all  the 
specific  gravities;  one  or  two,  the  moistures.  With  sirups 
which  would  crystallize,  tests  were  started  as  soon  as  the  samples 
were  prepared.”  The  dextrose  equivalent  was  the  average  of 
tests  made  by  at  least  two  chemists. 

The  Baum6— dry  substance  correlation  was  made  on  four 
sirups  as  follows: 


D.  E. 

Ash,  D.  S.  B. 

42.00 

0.28 

55.00 

0.30 

89.00 

0.61 

90.7 

1.22 

The  first  two  com  sirups  are  typical  for  all  manufacturers  in 
dextrose  equivalent,  specific  rotation,  and  ash  content.  The 
latter  two  are  typical  of  two  general  types  of  crude  sugar  manu¬ 


factured  in  the  industry — a  low-ash  sugar  of  approximately  89 
D.  E.  maximum  and  a  high-ash  sugar  of  approximately  92  D.  E. 
maximum. 

The  complete  range  of  Baum4  0  to  47°  was  covered  at  three 
temperatures — 60.0°,  100.0°,  and  140.0°  F.  The  points  were 
determined  every  5 0  B4.  in  the  lower  ranges  and  every  2  °  B6.  in 
the  higher  ranges.  The  average  number  of  points  for  each  curve 
was  nineteen.  The  method  of  plotting  used  at  first  was  Baum4 
against  dry  substance.  The  paper  chosen  was  millimeter  paper, 
each  millimeter  equaling  0.10°  B4.  and  0.10  per  cent  dry  sub¬ 
stance.  The  second  decimal  place  was  plotted  on  the  paper  by 
the  fine  point  of  the  drawing  instrument  and  a  hand  lens.  Al¬ 
though  this  was  satisfactory  for  the  Baum4,  the  length  of  the 
curve  for  dry  substance  was  so  great  that  it  did  not  sufficiently 
show  up  small  variations  in  dry  substance.  The  method  was 
changed  to  one  of  factors  against  Baum4.  The  factors  were 
determined  as  follows: 

At  60°  F.,  factor  60  °F.  =  pD'  S'; 

Baume 

At  100°  F.,  factor  100°  F.  =  p  D/  S'  „  ,, 

Baume  +  0./1 

At  140°  F.,  factor  140  °F.  =  5 - D/  S'  wr 

Baum4  +  2.01 

The  use  of  these  factors  shortened  the  ordinate  and  amplified 
the  experimental  variation.  Thus  at  5°  B4.  each  millimeter 
equaled  0.0090  per  cent  D.  S.  The  curve  was  drawn  through  the 
points  by  means  of  a  steel  ferule  and  a  very  fine-pointed  hard 
pencil.  From  the  curve  so  drawn,  the  factors  were  read  for  each 
Baum4  and,  in  turn,  the  dry  substance  value  was  obtained.  The 
values  so  obtained  were  in  excellent  agreement  with  experi¬ 
mental  results. 

The  computed  data  for  the  three  temperatures  appear  in 
Tables  VI,  VII,  and  VIII. 


Table  IX.  Expanded  Be.-D.  E.-D.  S. 


(140°/60°) 


55.00  82.00  87.00  89.00  91.2  90.7 

0.30  0.41  0.61  0.61  0.61  1.22 
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Table  X.  Expanded  Be.-D.  E.-D.  S 


Table  XI.  Expanded  Be.-D.  E.-D.  S. 


(100°/60°) 

D.  E.  30.00  42.00  55.00  82.00  87.00  89.00  91.2  90.7 

Ash  0.28  0.28  0.30  0.41  0.61  0.61  0.61  1.22 

Baum4  . - Per  Cent  Dry  Substance - - 
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- Per  Cent  Dry  Substance - . 
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46 

13 

00 

24 

.13 

24 

28 

24 

48 

24 

81 

24 

87 

24 

90 

24 

93 

24 

87 

13 

00 

22 

67 

22 

80 

22 

93 

23 

23 

23 

29 

23 

31 

23 

33 

23 

28 

14 

00 

25 

.91 

26 

08 

26 

29 

26 

65 

26 

72 

26 

75 

26 

78 

26 

72 

14 

00 

24 

44 

24 

58 

24 

72 

25 

06 

25 

12 

25 

14 

25 

17 

25 

11 

15 

00 

27 

.69 

27 

88 

28 

10 

28 

50 

28 

58 

28 

61 

28 

64 

28 

57 

15 

00 

26 

20 

26 

36 

26 

52 

26 

89 

26 

95 

26 

98 

27 

01 

26 

94 

16 

00 

29 

48 

29 

68 

29 

92 

30 

35 

30 

44 

30 

47 

30 

51 

30 

42 

16 

00 

27 

97 

28 

14 

28 

32 

28 

72 

28 

79 

28 

82 

28 

85 

28 

78 

17 

00 

31 

26 

31 

48 

31 

74 

32 

20 

32 

29 

32 

33 

32 

37 

32 

28 

17 

00 

29 

74 

29 

93 

30 

13 

30 

55 

30 

63 

30 

66 

30 

69 

30 

62 

18 

00 

33 

06 

33 

29 

33 

56 

34 

06 

34 

16 

34 

20 

34 

24 

34 

15 

18 

00 

31 

52 

31 

73 

31 

94 

32 

40 

32 

49 

32 

52 

32 

55 

32 

47 

19 

00 

34 

85 

35 

10 

35 

39 

35 

93 

36 

03 

36 

07 

36 

12 

36 

02 

19 

00 

33 

31 

33 

53 

33 

76 

34 

25 

34 

35 

34 

38 

34 

42 

34 

33 

20 

00 

36 

65 

36 

92 

37 

22 

37 

81 

37 

92 

37 

96 

38 

01 

37 

90 

20 

00 

35 

10 

35 

33 

35 

58 

36 

11 

36 

21 

36 

25 

36 

29 

36 

19 

21 

00 

38 

46 

38 

74 

39 

06 

39 

68 

39 

80 

39 

85 

39 

90 

39 

79 

21 

00 

36 

89 

37 

14 

37 

41 

37 

97 

38 

08 

38 

12 

38 

17 

38 

07 

22 

00 

40 

26 

40 

56 

40 

91 

41 

56 

41 

69 

41 

74 

41 

80 

41 

68 

22 

00 

38 

69 

38 

96 

39 

25 

39 

85 

39 

96 

40 

00 

40 

05 

39 

95 

23 

00 

42 

07 

42 

39 

42 

76 

43 

45 

43 

59 

43 

64 

43 

70 

43 

58 

23 

00 

40 

49 

40 

78 

41 

09 

41 

73 

41 

84 

41 

89 

41 

94 

41 

83 

24 

00 

43 

89 

44 

23 

44 

61 

45 

35 

45 

49 

45 

55 

45 

61 

45 

49 

24 

00 

42 

30 

42 

60 

42 

94 

43 

61 

43 

74 

43 

79 

43 

85 

43 

73 

25 

00 

45 

71 

46 

07 

46 

47 

47 

26 

47 

41 

47 

47 

47 

54 

47 

40 

25 

00 

44 

12 

44 

44 

44 

79 

45 

51 

45 

65 

45 

70 

45 

76 

45 

65 

26 

00 

47 

53 

47 

91 

48 

34 

49 

18 

49 

34 

49 

40 

49 

47 

49 

32 

26 

00 

45 

94 

46 

28 

46 

65 

47 

42 

47 

56 

47 

62 

47 

68 

47 

54 

27 

00 

49 

37 

49 

77 

50 

22 

51 

10 

51 

26 

51 

33 

51 

40 

51 

25 

27 

00 

47 

76 

48 

12 

48 

52 

49 

34 

49 

49 

49 

55 

49 

61 

49 

47 

28 

00 

51 

21 

51 

63 

52 

10 

53 

03 

53 

20 

53 

27 

53 

35 

53 

19 

28 

00 

49 

58 

49 

97 

50 

39 

51 

26 

51 

42 

51 

48 

51 

55 

51 

41 

29 

00 

53 

05 

53 

49 

53 

99 

54 

97 

55 

16 

55 

23 

55 

31 

55 

14 

29 

00 

51 

42 

51 

83 

52 

28 

53 

19 

53 

36 

53 

43 

53 

50 

53 

35 

30 

00 

54 

89 

55 

36 

55 

88 

56 

92 

57 

11 

57 

19 

57 

28 

57 

10 

30 

00 

53 

27 

53 

70 

54 

17 

55 

14 

55 

32 

55 

39 

55 

47 

55 

31 

31 

00 

56 

75 

57 

24 

57 

79 

58 

87 

59 

08 

59 

16 

59 

25 

59 

06 

31 

00 

55 

13 

55 

58 

56 

07 

57 

09 

57 

28 

57 

36 

57 

44 

57 

27 

32 

00 

58 

61 

59 

13 

59 

70 

60 

85 

61 

06 

61 

15 

61 

24 

61 

04 

32 

00 

56 

99 

57 

47 

57 

98 

59 

06 

59 

26 

59 

34 

59 

43 

59 

25 

33 

00 

60 

49 

61 

03 

61 

62 

62 

83 

63 

05 

63 

14 

63 

24 

63 

03 

33 

00 

58 

85 

59 

36 

59 

90 

61 

05 

61 

26 

61 

34 

61 

43 

61 

24 

34 

00 

62 

36 

62 

93 

63 

55 

64 

82 

65 

06 

65 

15 

65 

25 

65 

03 

34 

00 

60 

73 

61 

26 

61 

83 

63 

04 

63 

27 

63 

35 

63 

45 

63 

24 

35 

00 

64 

26 

64 

85 

65 

49 

66 

82 

67 

07 

67 

17 

67 

28 

67 

04 

35 

00 

62 

62 

63 

18 

63 

77 

65 

05 

65 

29 

65 

38 

65 

48 

65 

26 

36 

00 

66 

15 

66 

77 

67 

44 

68 

84 

69 

10 

69 

20 

69 

31 

69 

07 

36 

00 

64 

51 

65 

10 

65 

73 

67 

07 

67 

32 

67 

42 

67 

53 

67 

29 

37 

00 

68 

05 

68 

70 

69 

40 

70 

87 

71 

14 

71 

25 

71 

37 

71 

10 

37 

00 

66 

42 

67 

04 

67 

70 

69 

11 

69 

37 

69 

47 

69 

58 

69 

33 

38 

00 

69 

97 

70 

65 

71 

37 

72 

91 

73 

19 

73 

30 

73 

42 

73 

15 

38 

00 

68 

34 

68 

99 

69 

67 

71 

16 

71 

43 

71 

54 

71 

65 

71 

40 

39. 

00 

71 

89 

72 

60 

73 

36 

74 

96 

75 

25 

75 

37 

75 

50 

75 

22 

39 

00 

70 

27 

70 

95 

71 

67 

73 

23 

73 

51 

73 

62 

73 

74 

73 

48 

40. 

00 

73 

83 

74 

57 

75 

36 

77 

03 

77 

34 

77 

46 

77 

60 

77 

31 

40 

00 

72 

20 

72 

92 

73 

68 

75 

31 

75 

61 

75 

73 

75 

86 

75 

57 

41 

00 

75 

78 

76 

55 

77 

38 

79 

12 

79 

44 

79 

57 

79 

71 

79 

41 

41 

00 

74 

16 

74 

92 

75 

71 

77 

41 

77 

73 

77 

85 

77 

99 

77 

68 

42. 

00 

77 

75 

78 

55 

79 

41 

81 

23 

81 

57 

81 

70 

81 

85 

81 

53 

42 

00 

76 

14 

76 

92 

77 

76 

79 

53 

79 

86 

79 

99 

80 

13 

79 

81 

43. 

00 

79 

72 

80 

56 

81 

46 

83 

35 

83 

70 

83 

84 

83 

99 

83 

67 

43 

00 

78 

12 

78 

94 

79 

83 

81 

67 

82 

01 

82 

15 

82 

30 

81 

96 

44. 

00 

81 

71 

82 

58 

83 

53 

85 

49 

85 

85 

86 

00 

86 

16 

85 

82 

44 

00 

80 

14 

80 

99 

81 

91 

83 

83 

84 

19 

84 

33 

84 

49 

84 

13 

45. 

00 

83 

71 

84 

62 

85 

61 

87 

65 

88 

03 

88 

18 

88 

35 

87 

99 

45 

00 

82 

16 

83 

05 

84 

01 

86 

01 

86 

38 

86 

53 

86 

70 

86 

32 

46. 

00 

85 

74 

86. 

68 

87 

70 

89 

83 

90 

22 

90 

38 

90 

55 

90 

18 

46 

00 

84 

21 

85 

14 

86 

14 

88 

21 

88 

60 

88 

75 

88 

92 

88 

53 

47. 

00 

87. 

76 

88. 

75 

89 

82 

92 

04 

92 

45 

92 

61 

92 

79 

92 

40 

47 

00 

86 

29 

87 

25 

88 

28 

90 

45 

90 

84 

90 

99 

91 

16 

90 

76 

48 

00 

88 

39 

89 

38 

90 

45 

92 

67 

93 

08 

93 

24 

93 

42 

93 

00 
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Table  XII.  Temperature  Corrections 


(Standard  hydrometer,  range  10°  BA) 

Observed 

140°  to 

140°  to 

100°  to 

BA 

100°  F. 

60°  F. 

60°  F 

42.00  D. 

E. 

C.  S.  U. 

-2.01 

1.30 

2.01 

-0.71 

1.29 

2.02 

0.71 

0.00 

1.29 

2.02 

0.72 

5.00 

1.26 

2.04 

0.77 

10.00 

1.23 

2.06 

0.82 

15.00 

1.19 

2.06 

0.86 

20.00 

1.15 

2.03 

0.88 

25.00 

1.10 

1.99 

0.89 

30.00 

1.04 

1.93 

0.89 

35.00 

0.97 

1.83 

0.87 

40.00 

0.89 

1.70 

0.83 

45.00 

0.79 

1.53 

0.75 

55.00  D. 

E. 

C.  S.  U. 

-2.01 

1.30 

2.01 

-0.71 

1.29 

2.02 

0.71 

0.00 

1.29 

2.03 

0.72 

5.00 

1.25 

2.06 

0.79 

10.00 

1.22 

2.07 

0.84 

15.00 

1.18 

2.06 

0.87 

20.00 

1.14 

2.04 

0.90 

25.00 

1.09 

2.00 

0.91 

30.00 

1.03 

1.93 

0.90 

35.00 

0.96 

1.83 

0.88 

40.00 

0.88 

1.69 

0.83 

45.00 

0.79 

1.52 

0.75 

89.00  D 

.  E 

.  Sugar 

-2.01 

1.30 

2.01 

-0.71 

1.30 

2.03 

0.71 

0.00 

1.29 

2.03 

0.72 

5.00 

1.26 

2.06 

0.79 

10.00 

1.23 

2.08 

0.84 

15.00 

1.18 

2.08 

0.89 

20.00 

1.14 

2.06 

0.91 

25.00 

1.09 

2.01 

0.92 

30.00 

1.03 

1.93 

0.91 

35.00 

0.96 

1.82 

0.88 

40.00 

0.87 

1.68 

0.82 

45.00 

0.77 

1.50 

0.74 

Figure  3 
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Table  XIII.  Temperature  Corrections 


Table  XIV.  Temperature  Corrections 


Temper¬ 

ature, 

°  F. 

100°  F.) 

0.0 

5 

10 

15  “ 

20 

25 

“  30 

35 

40 

45 

60 

0.72 

0.79 

Subtract  from  Observed  Baum6 

0.84  0.87  0.90  0.91  0.90  0.88 

0.84 

0.77 

65 

0.64 

0.70 

0.75 

0.77 

0.79 

0.80 

0.79 

0.77 

0.73 

0.66 

70 

0.56 

0.61 

0.65 

0.67 

0.69 

0.69 

0.68 

0.67 

0.63 

0.57 

75 

0.48 

0.52 

0.55 

0.57 

0.58 

0.58 

0.57 

0.56 

0.52 

0.48 

80 

0.39 

0.43 

0.44 

0.46 

0.47 

0.47 

0.46 

0.45 

0.42 

0.39 

85 

0.30 

0.33 

0.34 

0.35 

0.36 

0.36 

0.35 

0.33 

0.31 

0.29 

90 

0.21 

0.23 

0.23 

0.24 

0.24 

0.24 

0.24 

0.22 

0.21 

0.19 

95 

0.11 

0.12 

0.12 

0.12 

0.13 

0.12 

0.12 

0.11 

0.10 

0.09 

105 

0.12 

0.12 

0.12 

Add  to  Observed  Baum6 

0.12  0.12  0.12  0.12 

0.12 

0.10 

0.10 

110 

0.24 

0.24 

0.25 

0.25 

0.25 

0.25 

0.24 

0.23 

0.21 

0.19 

115 

0.37 

0.38 

0.39 

0.39 

0.39 

0.38 

0.36 

0.35 

0.32 

0.29 

120 

0.51 

0.52 

0.53 

0.54 

0.53 

0.51 

0.49 

0.46 

0.43 

0.39 

125 

0.66 

0.68 

0.69 

0.69 

0.67 

0.65 

0.62 

0.58 

0.54 

0.49 

130 

0.84 

0.84 

0.85 

0.84 

0.82 

0.79 

0.75 

0.71 

0.65 

0.59 

135 

1.05 

1.04 

1.03 

1.01 

0.98 

0.94 

0.89 

0.83 

0.76 

0.69 

140 

1.29 

1.26 

1.23 

1.19 

1.14 

1.09 

1.03 

0.96 

0.88 

0.79 

(In  Baume  to  be  added  to  observed  Baum5  to  reduoe  to  60°  F.) 


Temper- 


T)  / 

°  F. 

0.0 

5 

10 

15 

20 

25 

‘"‘30 

35 

40 

45 

60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

65 

0.08 

0.09 

0.09 

0.10 

0.11 

0.11 

0.11 

0.11 

0.11 

0. 10 

70 

0.16 

0.18 

0.19 

0.20 

0.21 

0.22 

0.22 

0.21 

0.21 

0.19 

75 

0.24 

0.27 

0.29 

0.30 

0.32 

0.33 

0.33 

0.32 

0.31 

0.28 

80 

0.33 

0.36 

0.40 

0.41 

0.43 

0.44 

0.44 

0.43 

0.41 

0.37 

85 

0.42 

0.46 

0.50 

0.52 

0.54 

0.55 

0.55 

0.55 

0.52 

0.47 

90 

0.51 

0.56 

0.61 

0.63 

0.66 

0  .'67 

0.66 

0.66 

0.62 

0.56 

95 

0.61 

0.67 

0.72 

0.75 

0.77 

0.79 

0.78 

0.77 

0.73 

0.66 

100 

0.72 

0.79 

0.84 

0.87 

0.90 

0.91 

0.90 

0.88 

0.83 

0.75 

105 

0.84 

0.91 

0.96 

0.99 

1.02 

1.03 

1 .02 

1.00 

0.93 

0.85 

110 

0.96 

1.03 

1.09 

1 . 12 

1.15 

1.16 

1.14 

1.11 

1.04 

0.94 

115 

1.09 

1.17 

1.23 

1.26 

1.29 

1.29 

1.26 

1.23 

1.15 

1.03 

120 

1.23 

1.31 

1.37 

1.41 

1.43 

1.42 

1.39 

1.34 

1.25 

1.13 

125 

1.39 

1.47 

1.53 

1.56 

1.57 

1.56 

1.52 

1.46 

1.36 

1.23 

130 

1.57 

1.64 

1.69 

1.71 

1.72 

1.70 

1.65 

1.59 

1.47 

1.33 

135 

1.78 

1.84 

1.87 

1.88 

1.88 

1.85 

1.79 

1.71 

1.58 

1.42 

140 

2.03 

2.06 

2.07 

2.06 

2.04 

2.00 

1.93 

1.83 

1.69 

1.52 

Table  XV.  Ash  Correction  for  40.00°  Be.  (140°/60°  F.) 


The  ash  content  of  a  sirup  affects  the  dry  substance  for  a 
given  BaumA  Of  the  four  sirups  used,  the  first  three  have 
ash  contents  essentially  in  proportion  to  the  dextrose  equiva¬ 
lent,  thus  permitting  a  cross  plot  wherein  coordinates  dry 
substance  and  dextrose  equivalent  are 
plotted  for  the  corresponding  values  for  each 
Baum6.  ' 


Ash 

Decrease  in  Dry 
Substance 

% 

% 

1.0 

0.51 

2.0 

1.01 

3.0 

1.51 

4.0 

2.00 

5.0 

2.50 

6.0 

2.98 

7.0 

3.41 

8.0 

3.76 

In  this  plot  each  millimeter  equaled  0.10 
per  cent  D.  S.  and  0.10  D.  E.  The  curve 
for  each  Baume  was  found  to  fit  a  straight 
line  within  the  experimental  error  of  0.01  °  Be. 
or  0.02  per  cent  D.  S.  This  observation 
was  checked  by  a  number  of  points  at  32.8, 
36.5,  82.0,  and  83.6  D.  E.  with  sirup  prepared 
or  obtained  for  this  particular  purpose.  The 
data  obtained  by  extrapolation  and  inter¬ 
polation  for  the  usual  dextrose  equivalents  at 
60.0°,  100.0°,  and  140.0°  F.  are  shown  in 
Tables  IX,  X,  and  XI. 

As  noted,  the  ash  content  of  a  given 
sirup  changes  the  dry  substance  for  a  given 
Bauin6 — that  is,  the  addition  of  ash  lowers 
the  dry  substance  for  a  given  Baume.  This 
ash  effect  becomes  very  important  in  the 
manufacture  of  refined  sugar,  where  second 
and  third  com  sugar  sirups  and  hydrol  are 
obtained  with  increasing  amounts  of  ash, 
up  to  8  per  cent.  Thus  a  table  of  ash  cor¬ 
rections  is  most  important.  In  Tables  IX, 
X,  and  XI,  the  last  two  columns  are  headed 
D.  E.  91.2,  ash  0.61  per  cent,  and  D.  E.  90.7, 
ash  1.22  percent.  If  these  dextrose  equiva¬ 
lents  are  reduced  to  an  ash-free  basis  they 
are  the  same.  Thus  the  difference  between 
these  dry  substance  values  for  all  Baum6s 
becomes  a  measure  of  the  effect  of  0.61  per 
cent  ash.  This  is  0  at  0°  BA  and  in¬ 
creases  as  the  Baum<5  is  increased.  Thus  it 
would  be  possible  to  prepare  a  series  of  such 
curves  for  different  amounts  of  ash,  pro¬ 
vided  a  cross  curve  for  a  given  Baume  was 
obtained — that  is,  a  curve  showing  the 
effect  of  increasing  amounts  of  ash  on 
the  dry  substance  in  a  given  simp  having 
a  constant  dextrose  equivalent  (carbo¬ 
hydrate  solids  basis)  and  a  constant 
BaumA 


Table  XVI.  Commercial  Table 


(B5.  =  B<5.  140°  F./600  F.  -f  1.00°) 


Pounds 

-Dextrose  Equivalent  and  Ash- 

Specific 

per 

30.00 

42.00 

55.00 

82.00 

87.00 

89.00 

91.2 

90.7 

Baum5 

Gravity  ° 

Gallon3 

0.28 

0.28 

0.30 

0.41 

0.61 

0.61 

0.61 

1.22 

n  .  t»  r,  ,  . 

0.00 

1 . 0000 

8.328 

1.76 

1.77 

1.78 

1.80 

1.80 

1.80 

1.80 

1.80 

1.00 

1.0069 

8.386 

3.50 

3.52 

3.53 

3.58 

3.59 

3.59 

3.59 

3.59 

2.00 

1.0140 

8.445 

5.24 

5.27 

5.29 

5.36 

5.38 

5.38 

5.38 

5.37 

3.00 

1.0211 

8.504 

6.98 

7.02 

7.06 

7.15 

7.17 

7.17 

7.18 

7.17 

4.00 

1.0285 

8.565 

8.72 

8.77 

8.82 

8.94 

8.96 

8.96 

8.97 

8.96 

5.00 

1.0358 

8.626 

10.47 

10.53 

10.59 

10.73 

10.76 

10.76 

10.77 

10.76 

6.00 

1.0433 

8.689 

12.22 

12.29 

12.36 

12.53 

12.56 

12.57 

12.58 

12.56 

7.00 

1.0508 

8.751 

13.97 

14.05 

14.14 

14.33 

14.36 

14.37 

14.39 

14.37 

8.00 

1.0585 

8.815 

15.73 

15.82 

15.91 

16.13 

16.17 

16.18 

16.20 

16.17 

9  00 

1.0663 

8.880 

17.48 

17.58 

17.69 

17.94 

17.98 

18.00 

18.02 

17.99 

10.00 

1.0742 

8.946 

19.24 

19.35 

19.48 

19.75 

19.79 

19.81 

19.83 

19.80 

11.00 

1.0822 

9.013 

21.00 

21.13 

21.26 

21.56 

21.61 

21.63 

21.65 

21.62 

12.00 

1 . 0903 

9.081 

22.76 

22.90 

23.05 

23.38 

23.44 

23.46 

23.48 

23.45 

13.00 

1 . 0986 

9.150 

24.52 

24.68 

24.84 

25.20 

25.26 

25.29 

25.31 

25.27 

14.00 

1.1071 

9.220 

26.29 

26.46 

26.64 

27.02 

27.09 

27.12 

27.15 

27.11 

15.00 

1.1156 

9.291 

28.06 

28.24 

28.44 

28.85 

28.93 

28.96 

28.99 

28.94 

16.00 

1 . 1242 

9.362 

29.83 

30.03 

30.24 

30.69 

30.77 

30.80 

30.84 

30.78 

17.00 

1.1330 

9.436 

31.61 

31.82 

32.05 

32.53 

32.62 

32.65 

32.69 

32.63 

18.00 

1 . 1419 

9.510 

33.39 

33.61 

33.86 

34.38 

34.47 

34.51 

34.55 

34.48 

19.00 

1.1510 

9.586 

35.17 

35.41 

35.68 

36.23 

36.33 

36.37 

36.41 

36.34 

20.00 

1.1602 

9.662 

36.95 

37.21 

37.50 

38.08 

38.19 

38.23 

38.28 

38.20 

21.00 

1.1696 

9.741 

38.73 

39.01 

39.32 

39.94 

40.05 

40.10 

40.15 

40.06 

22.00 

1.1791 

9.820 

40.52 

40.82 

41.15 

41.81 

41.93 

41.98 

42.03 

41.94 

23.00 

1 . 1888 

9.900 

42.32 

42.63 

42.98 

43.68 

43.81 

43.86 

43.92 

43.82 

24.00 

1 . 1986 

9.982 

44.12 

44.45 

44.82 

45.56 

45.70 

45.75 

45.81 

45.71 

25.00 

1 . 2086 

10.065 

45.92 

46.27 

46.66 

47.44 

47.60 

47.65 

47.71 

47.60 

26.00 

1.2188 

10.150 

47.73 

48.10 

48.51 

49.34 

49.50 

49.56 

49.62 

49.50 

27.00 

1.2291 

10.236 

49.54 

49.93 

50.37 

51.24 

51.40 

51.47 

51.54 

51.41 

28.00 

1.2396 

10.324 

51.36 

51.77 

52.23 

53.15 

53.32 

53.39 

53.47 

53.33 

29.00 

1.2503 

10.413 

53.19 

53.62 

54.09 

55.07 

55.25 

55.32 

55.40 

55.25 

30.00 

1.2612 

10.504 

55.02 

55.47 

55.97 

56.99 

57.18 

57 . 2j6 

57.34 

57.19 

31.00 

1.2723 

10.596 

56.85 

57.33 

57.85 

58.93 

59.13 

59.21 

59.30 

59.13 

32.00 

1.2836 

10.690 

58.69 

59.19 

59.73 

60.87 

61.08 

61.16 

61.25 

61.09 

33.00 

1 . 2950 

10.785 

60.53 

61.06 

61.63 

62.82 

63.04 

63.13 

63.22 

63.05 

34.00 

1.3067 

10.883 

61.39 

62.94 

63.53 

64.79 

65.02 

65.11 

65.21 

65.02 

35.00 

1.3186 

10.982 

64.25 

64.83 

65.44 

66.76 

67.01 

67.10 

67.21 

67.00 

36.00 

1.3307 

11.083 

66.11 

66.72 

67.36 

68.75 

69.01 

69.11 

69.22 

69.00 

37.00 

1.3430 

11.185 

67.99 

68.62 

69.30 

70.75 

71.01 

71.12 

71.24 

71.01 

38.00 

1.3556 

11.289 

69.88 

70.54 

71.24 

72.75 

73.03 

73.14 

73.26 

73.03 

39.00 

1 . 3684 

11.396 

71.77 

72.46 

73.19 

74.78 

75.07 

75.18 

75.31 

75.06 

40.00 

1.3815 

11.505 

73.66 

74.39 

75.16 

76.82 

77.12 

77.24 

77.37 

77.10 

41.00 

1.3947 

11.615 

75.58 

76.34 

77.14 

78.86 

79.18 

79.30 

79.44 

79.17 

42.00 

1.4083 

11.729 

77.51 

78.30 

79.13 

80.92 

81.25 

81.38 

81.52 

81.25 

43.00 

1.4221 

11.844 

79.45 

80.27 

81.14 

83.00 

83.35 

83.48 

83.63 

83.33 

44.00 

1.4361 

11.961 

81.39 

82.25 

83.17 

85.10 

85.46 

85.60 

85.75 

85.44 

45.00 

1.4506 

12.081 

83.36 

84.25 

85.20 

87.21 

87.58 

87.72 

87.88 

87.56 

46.00 

1.4652 

12.202 

85.34 

86.26 

87.26 

89.33 

89.71 

89.86 

90.03 

89.69 

47.00 

1.4802 

12.328 

87.33 

88.29 

89.34 

91.47 

91.87 

92.03 

92.21 

91.84 

°  In  air. 
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The  ash  encountered  in  this  industry  is  largely  sodium 
chloride  formed  from  the  neutralization  of  the  hydrolyzing 
acid  (hydrochloric)  by  soda  ash.  This  ash  is  increased  auto¬ 
matically  as  crystalline  dextrose  is  withdrawn  from  the 
massecuite.  The  method  chosen  for  establishing  a  cross 
curve  was  as  follows: 

It  was  assumed  that  the  ash  effect  would  be  essentially  inde¬ 
pendent  of  dextrose  equivalent — that  is,  dependent  upon  a  ratio 
of  carbohydrate  to  salt.  Since  corn  sirup  is  more  easily  dried 
than  sugar  and  free  from  the  criticism  of  instability  on  drying,  the 
test  was  made  with  com  sirup.  A  5-gallon  conversion  was  made 
in  pilot  plant  equipment  to  approximately  42  D.  E.,  using 
sulfuric  acid  for  hydrolysis  and  barium  carbonate  for  neutrali¬ 
zation.  This  was  refined  in  the  usual  manner,  and  concentrated 
to  40°  Be.  at  140°  F.  (41°  BA  commercial).  This  sirup  was 
substantially  ash-free  (0.07  per  cent).  To  this  was  added  sodium 
chloride  in  amounts  to  make  1.00,  2.00,  4.00  and  8.00  per  cent 
(dry  substance  basis).  Sirups  were  made  above  and  below  40° 
Be.  (140°/60°  F.)  and  specific  gravity  and  dry  substances 
were  obtained.  Since  the  Baume  range  was  small,  a  straight 
line  was  drawn  between  the  two  points,  the  values  being  plotted 
on  a  scale  which  was  five  times  that  previously  used,  and  the 
exact  values  for  40.00°  BA  (140°/60°  F.)  were  obtained  for  each 
of  the  salt  concentrations. 

The  data  obtained  together  with  the  calculated  ash-free 
point  appear  in  Figure  3.  The  specific  values  are  shown  in 
Table  XV. 

The  curve  obtained  is  a  straight  line  up  to  6  per  cent  and 
bends  slightly  thereafter.  For  commercial  work  the  salt 
correction  may  be  taken  as  a  straight  line.  Thus  a  cross 
curve  for  salt  effect  has  been  obtained  for  a  heavy  Baume, 


and  the  data,  together  with  the  data  for  salt  effect  for  0.61 
per  cent  ash  for  all  Baum6s,  enable  a  family  of  curves  to  be 
drawn  of  high  precision  and  of  greater  accuracy  than  is 
generally  required  for  factory  work. 

Attention  was  called  above  to  the  commercial  method 
of  determining  Baum6 — namely,  the  reading  at  140°  F.  plus 
1.00°  BA  or  BA  =  BA  140760°  F.  +  1.00.  All  sirups 
are  sold  in  the  industry  on  this  basis.  Table  XVI  is  the 
commercial  table  that  has  been  accepted  by  the  Corn  Indus¬ 
tries  Research  Foundation  for  its  member  companies  for  use 
in  the  sale  of  its  products.  The  specific  gravities  and  the 
weights  per  gallon  are  those  in  air.  This  method  of  assign¬ 
ment  was  suggested  by  the  National  Bureau  of  Standards  for 
use  in  the  preparation  of  a  commercial  table. 
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Pressure  Stopcock 

JOSEPH  A.  CONNELLY1,  The  United  Gas  Improvement  Company  Chemical  Laboratory,  Philadelphia,  Penna. 


w: 


rITH  present  laboratory  techniques  it  is  frequently 
necessary  to  employ  for  gas  absorption,  gas  analysis, 
solvent  extraction,  and  the  like,  glass  systems  which  operate 
under  super  atmospheric  pressures.  As  far  as  this  writer  is 
aware  only  special,  commercially  manufactured  pressure 
stopcocks  operate  reliably.  Rubber  bands  and  metal  clips 
either  impede  the  operation  of  the  stopcock  or  do  not  prevent 
lifting  of  the  plug,  thereby  causing  escape  of  the  confined 
material. 

The  design  of  the  commercially  available  stopcock  requires 
special  glass-drilling  equipment  and  is,  therefore,  not  well 
adapted  to  duplication  at  the  laboratory.  A  pressure  stop¬ 
cock  which  can  be  adapted  from  the  generally  stocked  glass 
stopcock,  with  ordinary  glass-blowing  skill  and  at  insignificant 
cost  should,  therefore,  prove  of 
help  to  the  laboratory  worker. 

The  pressure  stopcock  presented 
here  has  been  designed  to  fill 
this  gap.  Depending  upon  spring 
strength  and  the  type  of  stop¬ 
cock  lubricant  pressures  of  30  pounds 
or  more  may  be  applied.  The  stop¬ 
cock  has  proved  its  worth  in  vari¬ 
ous  apparatus. 


The  drawing  illustrates  a  standard 
4  mm.  Pyrex  stopcock.  It  is  recom¬ 
mended  that  stopcocks  made  from  Py¬ 
rex  be  used  in  the  assembly  of  the  pres- 

1  Present  address,  United  States  Depart¬ 
ment  of  Agriculture,  Eastern  Regional  Re¬ 
search  Laboratory,  Philadelphia,  Penna. 


sure  stopcock.  Only  those  possessing  a  protruding  portion  of 
the  barrel  for  a  rubber  ring  should  be  selected.  As  an  added 
precaution  against  damage,  during  sealing,  the  ground  portion 
of  the  barrel  may  be  protected  by  a  moist  strip  of  asbestos  paper. 
Stopcocks  made  from  soft  glass  could  probably  be  used  only  if 
reground  after  the  sealing  operation. 

1  is  a  solid  glass  rod  of  slightly  smaller  diameter  than  that  of 
the  plug  body,  sealed  to  the  latter  without  undue  heating  of  the 
ground  portion  of  the  plug.  This  seal  should  be  carefully 
annealed.  The  rod  is  drawn  out  in  the  shape  indicated  by  2  and 
the  rounded  portion  is  flattened  with  forceps  or  pliers  to  fit 
through  the  elongated  portion  of  the  hole  in  the  washer.  Part  6 
is  machined  from  a  metal  bar  of  suitable  size  or  a  nut  may  be 
adapted.  It  rests  against  the  evenly  ground  reinforced  rim  of 
the  stopcock  sheh  and  fits  rather  loosely  over  the  extension  of 
the  stopcock  plug.  5  designates  a  metal  bar  with  a  hole  of 
about  the  same  diameter  as  part  6.  Spring  3  should  be  of 

suitable  strength  and  its  ends  should 
preferably  be  squared  to  ensure  proper 
seating  against  5  and  6. 

The  stopcock  is  assembled  by  in¬ 
serting  the  properly  lubricated  plug  (I) 
into  the  stopcock  shell,  slipping  cap 
6,  spring  3,  and  part  5  over  the 
plug  extension,  and  securing  these 
parts  by  locking  plate  4,  which  is 
turned  90  degrees  after  insertion. 

Exact  dimensions  depend  on  the 
stopcock  size  applied,  but  the  pro¬ 
portions  of  the  various  component 
parts  are  apparent  from  the  draw¬ 
ing. 
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Analysis  of  the  Thixotropy  of  Pigment-Vehicle 

Suspensions 

Basic  Principles  of  the  Hysteresis  Loop 

HENRY  GREEN  AND  RUTH  N.  WELTMANN,  Research  Laboratories,  Interchemical  Corporation,  New  York,  N.  Y. 


THIXOTROPIC  systems  have  been  studied  in  numerous 
ways,  but  an  investigation  of  the  subject  by  means  of  the 
hysteresis  loop — one  of  the  most  fruitful  methods — seems  to 
have  been  neglected.  Very  few  references  to  the  loop  occur 
in  the  literature.  An  early  paper  by  Hatschek  ( 9 ,  1913) 
shows  data  that  if  replotted  would  give  the  loop.  Ostwald 
(11),  much  later,  observed  thixotropic  hysteresis  behavior 
and  would  have  obtained  the  characteristic  loop  if  he  had 
plotted  his  data  in  the  necessary  manner.  Reiner  (14)  lists 
non-Newtonian  types  giving  hysteresis  loops  Pryce-Jones 
(12)  shows  a  graph  of  a  hysteresis  loop  and  at  the  same  time 
states  a  cardinal  rheological  principle:  Thixotropy  cannot 
be  determined  from  a  single  consistency  curve.  The  im¬ 
portance  of  the  Pryce-Jones  principle  has  not  been  universally 
recognized  by  rheologists. 

To  learn  something  of  the  extent  and  nature  of  thixotropic 
change  in  breakdown  or  buildup,  it  is  necessary  to  have  data 
that  cover  both  the  before  and  after  states.  This  requires 
at  least  two  curves.  The  hysteresis  loop,  obtained  by  means 
of  the  rotational  viscometer  (described  by  one  of  the  authors 
in  a  recent  paper,  6)  is  the  graph  of  both  states.  The  loop 
is  obtained  by  plotting  both  curves  together — i.  e.,  the  up- 
curve,  demonstrating  breakdown,  and  the  downcurve,  show¬ 
ing  the  particular  state  of  equilibrium  to  which  the  material 
has  been  brought.  Instead  of  the  loop,  two  downcurves 
obtained  at  two  different  thixotropic  levels  can  be  employed. 
In  either  case  two  curves  are  always  necessary. 

The  Criterion  of  Thixotropy 

A  true  sol  has  been  defined  as  a  colloidal  suspension  that 
has  zero  yield  value.  Freundlich  ( 3 )  describes  a  thixotropic 
material  as  one  that  will  undergo  isothermally  a  gel/sol/gel 
transformation,  but  is  very  careful  to  qualify  this  definition 
by  pointing  out  that  the  conversion  to  a  complete  sol  is  “a 
specially  characteristic  and  limiting  case  of  thixotropy”. 
This  qualification  permits  such  suspensions  as  paints  and 
printing  inks  to  be  classified  as  thixotropic.  Freundlich 
further  adds  that  suspensions  not  truly  colloidal  but  con¬ 
taining  particles  of  microscopic  size  such  as  “pastes  of  clay, 
etc.”,  “show  extremely  pronounced  thixotropic  behavior”. 
He  also  includes  under  the  phenomenon  of  thixotropy — and 
this  is  important — materials  like  gelatin,  which  “become 
less  viscous  and  elastic  on  shaking  or  stirring  but  assume  the 
original  values  of  viscosity  and  elasticity  when  left  to  rest”. 
Since  elasticity  is  associated  with  the  presence  of  yield  value, 
it  is  evident  that  a  material  that  only  becomes  “less  elastic” 
(in  addition  to  a  decrease  in  viscosity)  might  still  possess 
yield  value.  In  other  words,  a  complete  transformation 
from  a  gel  to  a  true  sol  is  not  a  prerequisite  for  thixotropy. 
A  partial  transformation  is  all  that  is  necessary.  This  is  the 
attitude  taken  by  Goodeve  (4)  and  it  is  the  one  that  will  be 
used  here. 

Controversial  Issues 

There  are  four  controversial  points  involved  in  the  rheology 
of  thixotropic  systems.  It  is  necessary  that  the  authors’ 
position  in  regard  to  them  be  made  clear. 

1.  The  Nonlinearity  of  the  Lower  End  of  the  Con¬ 
sistency  Curve.  One  of  the  primary  causes  of  this  curva¬ 


ture  has  been  shown  to  arise  from  the  gradual  change  of 
plug  to  laminar  flow  (7,  8).  Buckingham  (2)  showed  that 
this  condition  occurs  in  capillary  tube  viscometers  because 
the  shearing  force  decreases  from  the  capillary  wall  inward. 
Reiner  (13)  proved  that  this  same  condition  exists  in  rota¬ 
tional  viscometers  and  furthermore  indicated  that  this 
curvature  must  become  shorter  when  the  distance  between 
the  bob  and  cup  is  decreased.  Laboratory  experiments  have 

confirmed  this  conclusion. 
Hence  the  curvature,  so  far 
as  actually  known  at  present, 
could  be  entirely  due  to  an 
instrumental  effect  and  does 
not  necessarily  have  to  arise 
from  any  change  in  the  struc¬ 
ture  of  the  material  under  low 
shearing  stresses.  If  the  dis¬ 
tance  between  the  bob  and  cup 
were  infinitesimally  small,  there 
probably  would  be  no  curva¬ 
ture  under  such  a  condition. 
The  authors  realize,  however, 
that  Reiner’s  deductions  are 
based  on  an  entirely  stable 
system  and  that  thixotropy  and  pseudoplasticity  might 
easily  increase  the  length  of  the  nonlinear  portion  of  the 
curve  beyond  the  amount  predicted  by  Reiner. 

2.  The  Three  Different  Yield  Values.  Houwink 

(10)  defines  three  types  of  yield  values  (Figure  1).  The 
lower  yield  value  is  the  intercept  fi  where  the  first  evidence 
of  flow  occurs.  This  is  known  to  be  where  the  outer  layer 
of  the  “plug”  begins  to  shear  (2,  7,  8).  The  maximum  yield 
value,  fm,  is  where  the  curve  becomes  linear  (7,  13).  This 

is  where  plug  flow  is  completely  gone  and  the  entire  flow 

is  laminar.  Buckingham  (2)  shows  that  for  capillary 
viscometers  this  state  is  attained  only  at  infinite  rates  of 
shear  and  fm  is  the  intercept  of  the  asymptote.  The  inter¬ 
cept,  Jb,  is  the  Bingham  yield  value.  The  authors’  view¬ 
point  is  that  these  three  intercepts  are  not  three  different 
yield  values  but  three  different  functions  of  one  and  the 
same  yield  value.  Reiner  (13)  has  shown  for  rotational  vis¬ 
cometers,  where  thixotropy  and  pseudoplasticity  are  not  in¬ 
volved,  that 

fl  =  2  7T  RZ  hf  (l) 

/»  =  2  X  RZ  hf  (2) 

fB  =  (^hf\n(Re/Rb)]/(l/Rl  -  1  /RZ]  (3) 

where  Rc  =  radius  of  the  cup 
Rb  —  radius  of  the  bob 
h  =  depth  of  immersion  of  the  bob 
/  =  the  real  yield  value 

3.  The  Apparent  Viscosity.  This  is  a  variable  quantity 
depending  on  the  rate  of  shear.  It  is  obtained  by  dividing 
the  ordinate  (rate  of  flow;  r.  p.  m.)  by  the  abscissa  (force; 
torque)  and  multiplying  the  product  by  an  instrumental 
constant.  It  is  obvious  that  apparent  viscosity  is  not  the 
coefficient  of  viscosity,  which  by  definition  is  the  number  of 


Figure  1 
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dynes  per  sq.  cm.  that  will  give  a 
velocity  gradient  of  1  cm.  per 
second.  Other  than  being  the 
ratio  of  force  to  rate  of  flow  it  is 
not  “apparent”  what  it  is;  hence, 
it  is  something  of  a  misnomer  and 
perhaps  an  unfortunate  one. 

An  inspection  of  Figure  2  will 
show  that  the  ratio  of  torque — 
to  r.  p.  m.  must  decrease  with 
increasing  rate  of  shear — i.  e.,  the 
apparent  viscosity  decreases  as  the 
speed  of  the  agitation  or  stirring 
increases.  Unfortunately  this 
reaction  is  an  isothermal  one  and  reversible;  hence,  any 
investigator  who  considers  apparent  viscosity  to  be  a  sub¬ 
stitute  for  coefficient  of  viscosity  will  erroneously  classify 
the  material  giving  the  consistency  curve  in  Figure  2  as 
thixotropic.  Now  all  that  can  be  said  about  the  curve  is 
that  except  for  its  lower  end  it  is  linear  (indicating  stability) 
and  does  not  pass  through  the  origin.  It  does  not  pass 
through  the  origin  because  the  material  is  plastic — i.  e.,  it  has 
a  yield  value.  The  authors’  opinion  is  that  in  the  case  of  a 
curve  like  the  one  in  Figure  2,  the  apparent  viscosity  de¬ 
creases  with  an  increase  of  rate  of  shear  simply  because  it  is 
mathematically  impossible  for  it  to  do  otherwise — that  is, 
it  is  a  question  of  geometry  and  not  one  of  thixotropic  break¬ 
down  of  the  sample  during  testing. 


Figure  3.  Thixotropy 

Time  of  measurement  constant 


4.  Plastic  Flow  without  Liquefaction.  There  is  a 
widespread  belief  that  certain  suspensions,  like  finely  divided 
quartz  in  carbon  tetrachloride,  are  highly  thixotropic.  If 
such  a  suspension,  of  the  right  consistency,  is  put  into  a 
test  tube  and  inverted  it  will  not  flow  out  because  of  its 
high  yield  value.  If  the  thumb  is  placed  over  the  end  of 
the  tube  and  the  tube  is  shaken,  it  can  be  observed  that  the 
material  flows.  If  the  thumb  is  suddenly  removed  im¬ 
mediately  after  shaking  has  ceased,  the  material  will  not  flow 
out.  The  customary  argument  is  that  the  material  would  not 
flow  during  shaking  if  it  did  not  first  liquefy — i.  e.,  turn  into 
a  sol.  When  a  metal,  many  degrees  below  its  melting  point, 
is  drawn  through  a  die  the  metal  is  easily  visualized  as  under¬ 
going  plastic  flow.  In  other  words,  it  is  a  solid  before  it 
enters  the  die,  while  it  passes  through  the  die,  and  after  it  is 
drawn  from  the  die.  At  no  time  is  the  metal  considered  to 
be  liquid  because  at  no  time  is  it  above  its  melting  point. 
If  consistency  curves  could  be  obtained  for  metals  like  steel, 
bronze,  copper,  etc.,  it  seems  obvious  that  they  would  not 
be  Newtonian.  They  would  all  possess  intercepts,  such  as 
that  shown  in  Figure  3,  A;  yet  no  one  has  classified  these 
metals  as  thixotropic.  However,  when  soft  mushy  materials 
of  the  quartz-carbon  tetrachloride  suspension  type  are  con¬ 
sidered,  it  is  often  assumed  that  flow  takes  place  only  when 
preceded  by  an  intermediate  state  of  liquefaction. 


This  is  an  important  point,  for  if  it  should  be  true — and  the 
authors  believe  it  is  not — then  the  quartz-carbon  tetrachloride 
type  of  suspension  would  be  thixotropic  in  spite  of  the  fact 
that  it  gives  no  hysteresis  loop.  If  such  a  non-loop-forming 
material  (see  also  Figure  12)  must  be  accepted  as  highly 
thixotropic,  a  conflict  is  introduced  in  our  reasoning,  for  it 
would  mean  that  at  both  ends  of  our  series  of  loops  (Figure  3) 
a  high  state  of  thixotropy  would  exist.  In  other  words,  no 
hysteresis  loop  A  and  a  large  hysteresis  loop  D  would  both 
indicate  a  high  state  of  thixotropy.  Any  investigator 
examining  a  series  of  thixotropic  materials  like  those  repre¬ 
sented  in  Figure  3  would  unhesitatingly  say  that  D  was  more 
thixotropic  than  C,  and  C  more  thixotropic  than  B.  It 
therefore  seems  unreasonable  that  there  should  be  a  sudden 
increase  in  thixotropy  in  going  from  B  to  A.  Consequently 
the  authors  have  adopted  the  viewpoint  that  curve  A  in¬ 
dicates  plasticity  with  no  thixotropy.  By  so  doing  confusion 
is  eliminated  and  a  large  part  of  the  theory  of  thixotropy  be¬ 
comes  rationalized. 

ii 

The  Hysteresis  Loop 

The  method  of  making  the  loop  has  been  described  in  de¬ 
tail  in  a  previous  paper  (6). 

Briefly,  it  is  obtained  with  a  rotational  viscometer  of  special 
design.  This  instrument  is  operated  through  a  Graham  con¬ 
tinuously  variable  transmission  (Briggs  and  Stratton  Mfg.  Co.) 
which  enables  the  investigator  to  change  the  r.  p.  m.  without 
stopping  the  rotation  of  the  cup.  The  procedure  commences 
with  the  upcurve,  starting  at  the  lowest  practical  r.  p.  m.  The 
speed  is  increased  continuously  and  rapidly  while  noting  the 
change  in  torque  induced.  At  some  specified  upper  limit  the 
speed  is  reversed  and  the  downcurve  taken.  If  the  material  is 
thixotropic,  the  up-  and  downcurves  when  plotted  together  will 
not  coincide,  thus  forming  the  loop  (Figure  3,  B,  C,  D ). 

The  Time  Element  in  Thixotropic  Breakdown.  If  re¬ 
straints  could  be  placed  on  the  thixotropic  material  at  the  begin¬ 
ning  of  the  upcurve  so  that  it  could  not  break  down,  the  con¬ 
sistency  curve  would  follow  a  straight  path,  such  as  T2A  (Figure 
4).  If  the  restraints  should  then  be  removed  and  the  r.  p.  m.  at  B 
maintained,  the  torque  would  decrease  from  T a  until  a  state  of 
equilibrium  is  reached  at  some  point  T An-  Since  the  product  of 
the  two  coordinates  (r.  p.  m.  X  torque)  gives  a  quantity  with  the 
dimensions  of  power,  it  is  evident  that  the  area  of  the  parallelo¬ 
gram  OT aAB  must  be  the  minimum  power  that  will  break  down 
the  material  from  the  thixotropic  level  T2A  to  the  thixotropic 
level  T2A„  using  the  velocity  gradient  given  at  B.  In  actual 
practice  restraints  cannot  be  employed  and  so  the  material  con¬ 
tinuously  breaks  down  as  the  upcurve  is  taken.  The  real  up¬ 
curve  follows  a  path  such  as  T2CA\.  If  on  reaching  Ax  the 
r.  p.  m.  is  kept  constant  and  sufficient  time  is  allowed  for  equilib¬ 
rium  to  be  attained,  the  torque  will  drop  from  Tm  to  T An.  The 
downcurve  A„T2  will  be  linear,  if  not  too  much  time  is  consumed 
in  running  it. 

As  the  time  taken  for  the  upcurve  is  increased,  the  curve  moves 
in  the  direction  of  the  curve  T2DAn.  If  equilibrium  points  are 
run— i.  e.,  if  sufficient  time  is  allowed  at  each  successive  r.  p.  m. 
for  the  thixotropic  buildup  to  equal  the  thixotropic  breakdown — 
then  the  upcurve  will  follow  the  path  T2DA„  and  not  the  straight 
path  T2An.  This  means  that  after  equilibrium  has  been  attained 
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for  any  given  r.  p.  m.  further  breakdown  can  be  had  only  by 
increasing  the  velocity  gradient — i.  e.,  by  using  a  higher  r.  p.  m. 
(more  power). 

There  are  two  methods  then  for  breaking  down  thixotropic 
structure:  by  increasing  the  velocity  gradient,  and  by  prolonging 
the  time  of  the  applied  force.  When  the  time  used  in  taking  the 
measurements  for  the  upcurve  is  decreased — i.  e.,  when  the  time 
during  which  each  successive  r.  p.  m.  is  allowed  to  operate  is 
lessened — then  the  upcurve  is  displaced  in  the  direction  of  the 
curve  T2A.  A  hypothetical  curve  run  in  such  a  short  time  that 
breakdown  resulting  from  the  time  element  is  negligible  would 
occupy  some  position  as  T2A0,  where  point  A0  would  fall  between 
the  theoretical  point  A  and  the  last  (fastest)  experimentally 
determinable  point,  Ai.  The  curve  T2A0  should  not  coincide 
with  curve  T2A  because  the  former  is  run  without  restraints  while 
the  latter  is  run  with  them. 

Any  curvature  of  T2A0  must  result 
from  thixotropic  breakdown;  but 
this  breakdown  has  taken  place  simul¬ 
taneously  with  the  commencement 
of  flow.  In  other  words  the  curvature 
of  T2Ao  arises  only  from  velocity  gra¬ 
dient,  because  the  time  element  is  in 
this  case  negligible.  Such  a  n  odel 
of  flow  would  necessitate  exceed;  ugly 
short  nondistensible  bonds. 

When  the  downcurve  is  com¬ 
menced  as  soon  as  the  maximum 
r.  p.  m.  is  reached,  the  loop  will 
be  referred  to  simply  as  a  hys¬ 
teresis  loop — e.  g.,  Figure  5,  loop 
T2CA  T2.  When  the  maximum  r.  p.  m. 
is  applied  over  a  time  interval  sufficient  to  attain  a  state 
of  equilibrium,  the  loop  will  be  called  an  equilibrium  hysteresis 
loop — e.  g.,  Figure  5,  loop  T2CABT2.  When  every  point  on  the 
upcurve  is  an  equilibrium  point,  the  loop  will  be  called  the 
minimum  equilibrium  hysteresis  loop — e.  g.,  Figure  5,  loop 
T2EBT2.  The  consistency  of  the  material  at  point  A  is  given 
by  its  plastic  viscosity,  derived  from  the  angle  DT2A;  its  yield 
value  is  obtained  from  the  torque  T2.  When  the  material  is 
broken  down  further  by  the  prolonged  application  of  the  maxi¬ 
mum  r.  p.  m.  until  equilibrium  is  reached  at  B,  it  will  have  a 
plastic  viscosity  derived  from  the  angle  DT2B,  and  a  yield  value 
again  obtained  from  torque  T2.  The  equations  for  calculating 
these  consistency  factors  are  derived  from  Reiner’s  work  (6,  IS): 


Plastic  viscosity,  U  =  (T  —  T2)  S/w 

(4) 

Yield  value,  /  =  T2C 

(5) 

S  =  (l/Rl  -  l/R2)/4iirh 

(6) 

C  =  S/ln  (Re/R„) 

(7) 

where 

w  =  angular  velocity 

Unlike  “apparent  viscosity’’,  plastic  viscosity  has  a  definite 
meaning.  It  is  the  number  of  dynes  per  sq.  cm.  in  excess  of  the 
yield  value  that  will  produce  a  velocity  gradient  of  1  cm.  per 


Figure  5 


Figure  6.  Effect  of  Time 


Table  I.  Experimental  Data  for  Figure  6,  Giving 
Equation  8 


A  =  area  of  hysteresis  loop  in  (gram-cm.)  r.  p.  m. 

4eq.  =  area  of  equilibrium  hysteresis  loop.  Its  dimensions  are  those  of  A. 
t  =  time  of  upcurve  in  seconds 
RPM  is  constant  =  200. 


t 

A/ (RPM)* 

Aeq/(RPM)i 

31.5 

3.7 

44 

8.3 

61 

8.1 

75 

3  ]  6 

140 

3.5  * 

7  '.i 

280 

3.2 

5.7 

420 

2.9 

4.4 

630 

2.6 

2.6 

840 

2.6 

2.7 

1570 

2  6 

2520 

2.6 

2.6 

second.  Yield  value  is  the  dynes  per  sq.  cm.  that  will  just  cause 
flow.  These  quantities  are  given  by  Equations  4  and  5. 

If  experimentally  determined  areas  like  the  diagrammatic  ones 
in  Figure  4,  T2AxAnT2,  etc.,  are  plotted  against  their  respective 
times  (in  seconds),  a  linear  relationship  results.  This  relation¬ 
ship  is  obtained  whether  hysteresis  loops  or  equilibrium  hystere¬ 
sis  loops  are  used.  Data  of  this  type  are  plotted  in  Figure  6 
but  A /{RPM)*  is  used  instead  of  area. 

The  hysteresis  loops  are  given  in  curve 
AqB  and  the  equilibrium  hysteresis  loops 
in  curve  AoB.  The  general  formula  for 
these  curves  is 

A  =  To  -  Nt  (t  ^  tB)  (8) 

where  N  is  the  proportionality  constant, 
t  is  the  time  taken  in  making  the  upcurve, 
and  Ao  is  the  intercept  at  zero  time.  The 
extrapolated  point  Ao  times  its  top 
(r.  p.  m.)2  should  correspond  to  the 
area  of  the  hypothetical  equilibrium  loop 
T2AoAnT2  given  diagrammatically  in  Fig¬ 
ure  4.  Similarly  the  extrapolated  point 
A'o  times  its  top  (r.  p.  m.)2  should  corre¬ 
spond  to  the  area  of  its  hypothetical 
hysteresis  loop. 


Figure  7 


Table  II.  Experimental  Proof  of  Equation  9 

Experimentally 
Determined  Loop 


Area,  A 

( RPM p 

Q  =  A/(RPM ) 

Yellow  ink  1 

1.61  X  10* 

1  X  10* 

1.61 

6.40 

4 

1.60 

10.0 

9 

1.11 

26.6 

16 

1.66 

2 

2.64 

1 

2.64 

10.25 

4 

2.56 

26.06 

9 

2.78 

44.17 

16 

2.76 

Red  ink  1 

1.5 

1 

1.50 

5.0 

4 

1.25 

12.9 

9 

1.43 

22.4 

16 

1.40 

2 

3.63 

1 

3.63 

14.3 

4 

3.58 

32.0 

9 

3.55 

55.0 

16 

3.44 

Blue  ink 

0.41 

1 

0.41 

1.82 

4 

0.45 

3.46 

9 

0.38 

7.6 

16 

0.47 

White  ink 

0.54 

1 

0.54 

2.15 

4 

0.54 

5.00 

9 

0.55 

The  Velocity  Gradient  Element  in  Thixotropic  Break¬ 
down.  If  the  time  of  application  of  each  r.  p.  m.  is  maintained 
constant  and  the  top  or  maximum  r.  p.  m.  is  varied,  a  series  of 
hysteresis  loops  such  as  those  shown  in  Figure  7  occurs.  The 
area  of  these  loops  plotted  against  the  square  of  their  respective 
top  r.  p.  m.  gives  the  linear  equation 

(Area)  A  =  Q(RPM )2  (9) 

where  Q  is  the  proportionality  constant  and  (RPM)  is  the  top 
r.  p.  m.  Equations  8  and  9  constitute  the  two  basic  principles 
involved  in  the  subject  of  thixotropy.  The  existence  of  both 
principles — breakdown  by  time,  and  breakdown  by  velocity 
gradient — has  been  recognized  by  most  investigators  of  thixot- 
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ropy;  but  they  probably  have  not  been  expressed  previously 
in  the  form  of  the  equations  given  here. 

The  Upcurve 

Thixotropic  Breakdown.  Let  a  be  any  point  above  T2  on 
the  upcurve  (Figure  8).  At  point  a  the  material  has  a  viscosity 
given  by  the  cotangent  of  TT2a.  If  upon  increasing  co  to  co  +  dco 
there  is  no  further  thixotropic  breakdown,  the  torque  would  in¬ 
crease  from  T  to  TV  There  is  breakdown,  however,  and  the 
torque  is  increased  from  T  only  to  Tx\  hence,  the  loss  in  torque 
resulting  from  breakdown  is  (T3  —  7\)  or  be. 

Let  the  total  thixo¬ 
tropic  loss  in  torque 
acquired  in  going  from 
co  =  0  to  co  -  co  be 
equal  to  some  quan¬ 
tity  in  excess  of  the 
yield  value,  such  as 
( T '  —  Ti).  Also  let 
it  be  assumed  that 
(T'  —  T2)  is  propor¬ 
tional  to  the  velocity 
gradient.  Then 

rp  r  _  p  _ 

Zu/2TrR2hS  (10) 

and  dT'/cLo  = 

Z/2irR2hS  (11) 

where  Z  is  the  pro¬ 
portionality  con¬ 
stant,  co/2irR2hS  the 
velocity  gradient  at 
radius  R,  and  dT' 
is  the  loss  of  torque 
resulting  from  break¬ 
down  when  co  is  in- 
creased  by  the 
amount  dco.  How¬ 
ever,  be  is  also  equal  to  this  loss:  hence  be  =  dT'. 

The  triangles  abc  and  aT2g  are  similar;  consequently, 

dT’/dw  =  (g  -  T,)/co  (12) 

From  Equation  11  it  follows  that 

g  -  T2  =  Z  co/2  tt  R*hS  (13) 

From  Equations  10  and  13  it  follows  that 

T'  =  g 


Multiplying  by  codco/co2 
gives 

codT/co2  —  Tdco/co2  T  2<ico/ 

co2  =  —  2doi/mS  (16) 
Then 

d  [{T  -  Tt)S/u]  =  -  2dco/ 
[mco  (17) 

or 

dU  =  —  2dco/wico  (18) 

Integrating  and  multiply¬ 
ing  by  m/2 

mTJ  12  =  —  In  co  +  const. 

(19) 

When  U  theoretically  =  0,  let  co  have  the  value  k 1  /2  (see  Figure  8). 
Then 

Const.  =  In  k 1/2  (20) 

Hence 

mU/2  =  ln(fc1/2/co)  (21) 

or 

emun  =  fci/2/u  (22) 

Squaring  puts  Equation  22  into  a  more  useful  form,  as  will 
appear  later. 

emU  =  /c/co2  (23) 

Upon  substituting  ( T  —  T2)S/lo  for  (7,  the  equation  of  the 
upcurve  is  obtained. 

T  =  co  In  k/mS  -  2co  In  co/mS  +  T2  (24) 

From  Equation  23 

mU  =  In  k  +  In  (1/co2)  (25) 

Hence,  if  experimentally  determined  U  is  plotted  against 
experimentally  determined  (1/co2)  on  semilogarithmic  paper  a 
linear  relationship  should  result.  This  is  what  happens,  as 
shown  in  the  section  on  experimental  results.  Equations  23  and 
24  are  thus  confirmed. 

Area  of  the  Loop.  The  area,  A,  of  the  loop  (Figure  9)  is 

A  =  I  "Vdco  -  T» co  -  (T  -  Tt) co/2  (26) 

Jo 


Figure  9 


and  that  the  loss  in  torque  from  thixotropic  breakdown,  when 
co  is  increased  from  co  =  0  to  co  =  co,  is  equal  to  ( g  —  T%).  In 
other  words,  the  tangent  at  point  a  gives  an  intercept  g  on  the 
torque  axis  from  which  the  total  breakdown  (in  loss  of  torque) 
up  to  point  a  can  be  determined. 

Equation  of  the  Upcurve.  In  Figure  8  it  can  be  seen  that 
the  net  change  in  torque  for  an  increase  in  angular  velocity  of 
dco  is  ad.  Then  from  the  similar  triangles  bae  and  aT2T, 

dT'/du  +  dT/dco  =  (T  -  T,)/ co  (14) 

Substituting  from  Equations  12  and  13  and  making  the  con¬ 
stant  Z/2x  R2h  equal  to  2/m  gives 

dT/dco  -  Tt co  +  7V co  =  -  2/mS  (15) 


Table  III.  Printing  Ink  Data  for  Figure  10 


RPM 

Upcurve 

Torque 

Downcurve 

Torque 

Equilibrium 

Downcurve 

Torque 

11 

114  X  10< 

49  X  10* 

37  X  10* 

14 

136 

66 

45 

21 

161 

88 

67 

26 

182 

106 

76 

33 

196 

120 

87 

42 

205 

133 

98 

48 

216 

151 

111 

55 

225 

160 

121 

62 

233 

174 

128 

69 

236 

193 

139 

76 

244 

202 

150 

83 

248 

214 

162 

90 

253 

230 

168 

97 

262 

240 

180 

Substituting  the  value  of  T  given  in  Equation  24  and  inte¬ 
grating  gives 

A  =  co2  In  k/2mS  -  co2lnc o/mS  +  co2/2 mS  -  (T  -  T2) co/2  (27) 
From  Equation  24 

co2  In  k/2mS  =  co2  In  co/mS  +  (T  -  Tt) co/2  (28) 


Figure  10 
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Substituting  in  Equation  27  gives 

A  =  a,72 mS  (29) 

which  shows  that  A  is  directly  proportional  to  o,2.  This  is  con¬ 
firmed  by  the  empirical  relationship  given  in  Equation  9. 

Other  important  relationships  derived  from  the  preceding 


equations  are 

A  =  Zu*/8TrR2hS  (30) 

dT’/do,  =  4A/V  (31) 

A  =  V*  area  A  T'TJB  (Figure  9)  (32) 

emU  =  k/2mSA  -(33) 

2/m  =  Af  =  Z/27rfl%  =  2{U\  -  C/2)/ln(o,=/o,?)  (34) 


The  proportionality  constant,  Z,  is  the  loss  in  torque  per  unit 
increase  in  velocity  gradient  for  the  arbitrarily  selected  time 
employed  in  making  the  upcurve.  Z  depends  on  the  instrument 
used  in  so  far  as  the  torque  depends  on  the  instrumental  dimen¬ 
sions.  However,  m  is  independent  of  the  instrument.  There¬ 
fore  2/m,  or  M,  will  be  called  “the  coefficient  of  thixotropic 
breakdown”.  It  is  defined  as  the  loss  in  shearing  force  per  unit 
area  per  unit  increase  in  velocity  gradient  for  the  arbitrarily 
selected  time  employed  in  making  the  upcurve. 

Experimental  Results 

In  a  previous  paper  (6)  a  number  of  experimental  flow 
curves  were  given  showing  loops  of  various  sizes;  con¬ 
sequently,  in  order  to  avoid  unnecessary  repetition  only  one 
experimental  hysteresis  loop  is  presented  here  (Figure  10  and 


Table  III).  Most  pigment  suspensions  of  the  printing  ink 
type  give  loops  of  this  kind.  The  loop  area  is  best  obtained 
with  a  planimeter.  This  area  must  be  multiplied  by  the 
proper  conversion  factors,  so  that  the  dimensions  are  correct 
for  substituting  in  the  various  equations  given  here. 

It  was  found  empirically  that  a  linear  relationship  is  ob¬ 
tained  by  plotting  plastic  viscosity  U  against  In  (l/RPM*) 
when  the  “time”  is  maintained  constant  (Figure  11,  Table 
IV).  By  “time”  is  meant  the  time  interval  during  which  the 
shearing  force  is  allowed  to  operate  for  each  experimental 
point  on  the  curve.  This  interval  is  regulated  and  con¬ 
trolled  by  the  operator,  who  measures  a  predetermined  num¬ 
ber  of  points  per  minute.  Each  succeeding  point  is  separated 
by  exactly  the  same  number  of  r.  p.  m.  The  results  of  the 
above  work  lead  to  the  following  empirical  equation. 


emU 


const. 
RPM 2 


(35) 


This  checks  the  theoretical  Equation  23,  which  was  derived 
on  the  assumption  that  when  the  “time”  is  maintained  con¬ 
stant  the  loss  in  torque  resulting  from  thixotropic  breakdown 
is  directly  proportional  to  the  velocity  gradient.  Since  the 
empirical  and  theoretical  equations  check,  this  assumption 
is  probably  correct. 

Goodeve  and  Whitfield  (5)  use  a  similar  hypothesis.  They 
state  that  “the  rate  of  breakdown  is  proportional  to  the 
shear”.  They  develop  and  use  this  conception,  however, 
in  a  different  manner  from  that  employed  in  this  paper. 

Equation  8  is  empirical.  No  theoretical  equation  has 
been  derived  so  far  that  corresponds  to  it.  In  this  equation 
the  top  r.  p.  m.  is  maintained  constant  while  the  time  is 
changed  for  each  different  curve  (see  Figure  6).  In  Equation 
9  the  opposite  plan  is  followed.  Time,  here,  is  constant 
while  the  top  r.  p.  m.  is  varied  (see  Table  II).  This  equation 


Table  V.  Quartz  in  Nujol  Data  for  Figure  12 


Upcurve 

Downcurve 

RPM 

Torque 

Torque 

9 

161  X  10’ 

145  X  10’ 

13 

179 

163 

20 

196 

196 

27 

214 

216 

34 

232 

232 

40.5 

245 

247 

49 

259 

261 

55 

273 

273 

62 

283 

288 

70 

294 

296 

77 

304 

308 

84 

314 

319 

92 

325 

332 

98 

337 

340 

Table  IV.  Experimental  Data  for  Figure  11 


[RPM 

=  9.55  a>, 

Z  =  ivR^h/m 

,  R  =  ( Rc 

+  Rh)/2] 

Plastic 

Viscosity, 

RPM 

1/ {RPM)1 

U 

Z 

Yellow  ink 

100 

100  X  10  -» 

300 

1.07  X  10‘ 

200 

25 

205 

260 

15 

172 

400 

6.3 

104 

Red  ink  1 

100 

100 

380 

1.42 

200 

25 

198 

300 

11 

132 

400 

6.3 

60 

2 

100 

100 

447 

1.80 

200 

25 

261 

300 

11 

166 

400 

6.3 

119 

3 

100 

100 

255 

0.74 

200 

25 

173 

300 

11 

132 

400 

6.3 

100 

Blue  ink 

100 

100 

82 

0.21 

200 

25 

57 

300 

11 

44 

400 

6.3 

38 

White  ink 

100 

100 

115 

0.27 

200 

25 

88 

300 

11 

72.5 

400 

6.3 

53.5 

Figure  12 
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Table  VI.  Carbon  Black  in  Glycerol  Data  for  Figure  13 


Upcurve 

Downcurve 

RPM 

Torque 

Torque 

9 

198  X  10» 

13 

210 

20 

238  X  103 

226 

26 

235 

232 

33 

238 

241 

41 

244 

244 

48 

254 

254 

55 

260 

256 

62 

275 

260 

69 

275 

269 

76 

275 

272 

83 

275 

278 

90 

278 

281 

97 

281 

284 

104 

284 

286 

116 

286 

290 

131 

299 

305 

144 

308 

308 

158 

314 

318 

177 

324 

324 

196 

336 

339 

is  empirical  but  it  corresponds  to  the  theoretically  derived 
Equation  29. 

In  deriving  Equation  17,  m  is  treated  as  a  constant.  Equa¬ 
tions  29  and  30  give  the  relation  between  A  and  co  for  any 
single  substance,  m  (or  Z)  being  a  constant  for  a  given  ma¬ 
terial.  For  different  substances  m  (or  Z)  varies  and  the  rela¬ 
tionship  between  m  (or  Z)  and  A  is  expressed  by  Equation  33. 

It  is  difficult  to  find  pigment  suspensions  that  give  no 
loops.  They  can  be  made,  however,  and  three  of  them  are 
shown  in  Figures  12,  13,  and  14  (Tables  V,  VI,  and  ATI). 
The  microscopic  glass  spheres  used  in  Figure  14  were  made 
in  the  Interchemical  Research  Laboratories  by  a  method 
similar  to  the  one  developed  by  Bloomquest  (1 ) . 

From  the  authors’  viewpoint  these  non-loop-forming 
materials  are  plastic  without  being  thixotropic.  The  more 
general  conception  is  that  such  materials  are  so  highly 
thixotropic  that  no  apparatus  built  so  far  is  quick  enough 
to  record  either  the  breakdown  or  the  buildup.  Obviously, 
then,  this  breakdown  or  buildup  is  entirely  conjectural,  for 
its  existence  has  not  been  proved  experimentally.  If  con¬ 
jecture  is  acceptable,  it  seems  far  more  reasonable  to  say 
that  the  absence  of  a  loop  indicates  the  absence  of  thixotropy. 

Conclusion 


Table  VII. 

Glass  Spheres  in  Nujol  Data 

for  Figure 

Upcurve 

Downcurve 

RPM 

Torque 

Torque 

5 

67.7  X  102 

59.8  X  102 

8 

70.2 

72.8 

15 

83.2 

80.5 

21 

91.0 

91.0 

30 

96.2 

98.8 

37 

104 

104 

45 

112 

110 

51 

120 

117 

59 

128 

122 

65 

132 

128 

72 

138 

135 

79 

143 

140 

87 

148 

146 

94 

156 

156 

101 

161 

156 

107 

166 

166 

141 

195 

195 

174  ■ 

226 

223 

204 

252 

252 

234 

278 

278 

264 

301 

307 

291 

325 

330 

319 

349 

354 

345 

372 

375 

369 

393 

398 

392 

414 

414 

The  authors  have  treated  the  subject  here  only  in  its  ele¬ 
mental  form — i.  e.,  where  the  primary  change  occurring  upon 
agitating  a  thixotropic  suspension  is  a  decrease  in  plastic 


200 


s 

a. 

a: 


40 


CARBON  BLACK 

IN  GLYCERIN 

/ 

c 

/ 
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1  ° 
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1 

°7 
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x  / 

TORQUE 
Figure  13 


viscosity.  This  treatment  is  sufficient  for  many  cases. 
In  a  later  paper  an  analysis  will  be  given  of  materials  in¬ 
volving  a  double  change — i.  e.,  in  both  plastic  viscosity  and 
yield  value. 
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Monochloroacetic  Acid  in  Wine 

G.  E.  MALLORY  AND  R.  F.  LOVE,  Alcohol  Tax  Unit,  Bureau  of  Internal  Revenue,  San  Francisco,  Calif. 


THE  detection  of  monochloroacetic  acid  in  the  analysis  of 
beverages  brings  into  play  one  of  the  most  renowned 
and  historical  syntheses  of  organic  chemistry,  the  manu¬ 
facture  of  synthetic  indigo.  Monochloroacetic  acid  is  a 
basic  material  used  in  one  method  of  its  manufacture;  an- 
thranilic  acid  is  condensed  with  monochloroacetic  acid  to 
produce  phenylglycine-o-carboxylic  acid,  and  the  resultant 
product  when  heated  with  alkali  is  transformed  into  indoxyl, 
which  on  being  made  alkaline  in  the  presence  of  air  yields 
indigo.  This  process  is  followed  in  the  detection  of  mono¬ 
chloroacetic  acid  in  wine;  the  acid  is  extracted  and  purified 
and  synthetic  indigo  is  produced.  Considering  the  com¬ 
plexity  of  the  manipulation,  the  results  obtained  with  ex¬ 
ceedingly  small  quantities  of  the  acid  are  excellent.  At  the 
present  writing,  indigo  has  been  produced  from  4.2  grams  of 
the  acid  in  100  liters  of  wine  or  42  parts  per  million  by  the 
use  of  a  200-ml.  sample. 

The  steps  in  the  formation  of  indigo  from  monochloroacetic 
acid  are  ( 1 ) 


COONa 


/ 


C6H4 


\ 


nh2 


COONa 

/ 

+  CH2Cl.COOH  +  Na2CO,  =  C6H4 

\ 

NH .  CH2COONa 


COOH  CO 

/  /  \ 

C6H4  +  2NaOH  =  C6H4  CH2  +  Na2C03  +  2H20 

\  \  / 

NH.CH2COOH  NH 


CO 


CO 


CO 

2C.H {  ^CH,  +  02  =  C6H4  C :  C 

\  /  \  /  \  / 

NH  NH  NH 

Indoxyl  Indigo  or  indigotin 


C6H4  +  2H20 


Methods  for  both  the  qualitative  and  quantitative  deter¬ 
mination  of  monochloroacetic  acid  in  wine  seem  to  be  lack¬ 
ing,  but  Wilson  (S)  has  developed  a  quantitative  method  for 
nonalcoholic  beverages,  and  Chernoff  (2),  one  for  its  quali¬ 
tative  detection  in  salad  dressing.  These  were  used  as  a 
basis  for  the  method  for  its  detection  in  wine. 

In  order  to  determine  whether  or  not  Wilson’s  method  is 
applicable  to  wine,  more  than  100  authentic  samples  of  wine 
were  analyzed  and  in  none  of  them  was  a  trace  of  chlorine  or 
chlorine  compound  extracted.  Known  quantities  of  mono¬ 
chloroacetic  acid  were  then  introduced  into  some  of  the 
samples  and  the  chlorine  compounds  which  were  extracted 
corresponded  to  94  per  cent  or  more  of  the  acid  added. 

The  qualitative  analysis  of  wine  containing  monochloro¬ 
acetic  acid  is  much  more  difficult  than  the  quantitative  deter¬ 
mination.  In  extracting  the  very  small  quantities  of  the 
acid  which  may  be  present,  there  are  also  extracted  wine 
congenerics  which  contaminate  the  acid  to  such  an  extent 
that  Chernoff’s  method  cannot  be  successfully  followed 
without  removing  the  interfering  substances. 

In  the  procedure  outlined,  the  conditions  of  evaporation 
and  heating  of  the  residue  at  a  high  temperature  for  a  few 
seconds  which  are  prescribed  permit  attainment  of  consistent 
results  when  small  quantities  of  the  acid  are  present. 

Detection  of  Monochloroacetic  Acid  in  Wine 

Reagents.  Anthranilic  acid  reagent.  Dissolve  1  gram  of 
anthranilic  acid  in  50  ml.  of  water  containing  0.3  gram  of  sodium 
hydroxide  (7.5  ml.  of  N  sodium  hydroxide  +  42.5  ml.  of  water). 


Caustic  soda  solution.  Dissolve  10  grams  of  caustic  soda  in 
10  ml.  of  water. 

Anhydrous  sodium  carbonate,  c.  p.;  ether,  c.  p.;  and  ben¬ 
zene,  thiophene-free,  which  meets  A.  C.  S.  specifications. 

A  dropper,  20  cm.  (8  inches)  long,  with  orifice  2  mm.  in  di¬ 
ameter.  Rubber  bulb,  2-ml.  capacity. 

Method.  Place  200  ml.  of  sample,  to  which  have  been  added 
2  ml.  of  concentrated  sulfuric  acid  in  a  continuous  extractor  and 
extract  rapidly  with  ether  for  2  hours,  using  a  500-ml.  round- 
bottomed  flask  for  the  receiver,  and  preferably  heating  on  a 
water  bath  over  an  electric  heater.  Pour  the  ether  from  the 
extraction  chamber  through  a  dry  filter  paper  into  the  round- 
bottomed  flask  by  tilting  the  extractor  to  drain  as  much  of  the 
ether  as  possible  into  the  flask  without  contamination  by  the 
wine  solution.  Discard  the  wine  and  clean  the  extraction 
chamber.  Add  5  ml.  of  distilled  water  to  the  ether  in  the  flask, 
shake  vigorously,  and  distill  the  ether  back  into  the  extraction 
chamber,  which  is  cooled  by  being  placed  in  a  beaker  of  ice  water. 
This  usually  leaves  30  to  35  ml.  of  alcoholic  solution  in  the  flask. 

Place  the  alcoholic  solution  in  a  15-cm.  (6-inch)  porcelain  evapo¬ 
rating  dish  and  evaporate  it  in  the  cold  by  use  of  an  electric  fan 
until  approximately  10  ml.  of  liquid  remain.  Place  the  liquid 
in  a  separatory  funnel,  add  25  ml.  of  ether,  shake  vigorously  for 
5  minutes,  allow  to  settle  for  5  minutes,  draw  off  the  aqueous 

solution,  and  decant  the  ether  into 
a  150-ml.  beaker.  Evaporate  the 
ether  in  the  cold  by  use  of  an  electric 
+  NaCl  +  C02  +  H20  fan,  to  the  residue  add  25  ml.  of 

benzene,  stir,  and  pour  into  a  50-ml. 
glass-stoppered  Erlenmeyer  flask, 
washing  out  traces  of  the  residue  by 
pouringback  the  benzene  several  times  from  the  flask.  Add  3  drops 
of  water  to  remove  the  last  remaining  portions  of  residue  and  add 
them  to  the  flask.  Shake  vigorously  for  5  minutes,  allow  to 
settle  for  5  minutes,  decant  the  benzene  into  a  150-ml.  beaker, 
evaporate  in  the  cold  by  the  use  of  an  electric  fan,  and  to  the  ben¬ 
zene-free  residue  add  2  ml.  of  the  anthranilic  acid  reagent  and 
0.03  gram  by  actual  weight  of  anhydrous  sodium  carbonate,  and 
stir.  This  solution  should  be  alkaline;  if  it  is  not,  add  another 
0.03  gram  of  the  sodium  carbonate.  No  more  than  0.06  gram  of 
sodium  carbonate  should  be  added  and  the  second  portion  should 
not  be  added  unless  absolutely  necessary. 

Pour  the  liquid  into  a  15  X  1.56  cm.  (6  X  0.625  inch)  test  tube 
having  a  fully  rounded  bottom  and  heat  in  a  boiling  water  bath 
for  30  minutes.  Place  in  a  drying  oven  at  120°  to  130°  C.,  with 
the  test  tube  reclining  at  a  45°  angle,  and  evaporate  nearly  to 
dryness  or  until  only  1  drop  of  liquid  remains.  With  the  long 
dropper,  add  2  drops  of  the  caustic  solution  and  replace  in  the 
oven  to  dry,  keeping  the  contents  in  one  spot  of  the  test  tube, 
which  is  inclined  at  a  45°  angle.  Dry  at  120°  to  130°  C.  for 
approximately  60  minutes,  remove  from  the  oven,  and  without 
cooling,  plunge  the  test  tube  into  a  molten  solder  bath  main¬ 
tained  at  305°  to  312°  C.  for  approximately  30  seconds.  The 
temperature  of  the  solder  bath  and  the  time  of  heating  for  this 
reaction  should  be  strictly  observed  to  prevent  decomposition 
of  the  phenylglycine-o-carboxylic  acid.  As  the  alkali  melts,  the 
contents  of  the  tube  may  assume  an  orange  color,  the  depth  of 
color  depending  upon  the  amount  of  reacting  materials.  Remove 
the  tube  from  the  bath,  cool  immediately,  add  at  once  8  to  10  ml. 
of  water,  and  shake  in  contact  with  the  air.  A  green  to  deep 
blue  color  will  become  apparent  almost  immediately  if  indigo  has 
developed.  After  approximately  10  minutes,  acidify  the  liquid 
with  N  hydrochloric  acid,  shake  thoroughly  to  subdivide  the 
precipitate,  and  pour  through  a  folded  filter  paper,  washing  with 
approximately  100  ml.  of  water  to  remove  all  the  acid.  Dry  at 
room  temperature  the  filter  paper  which  contains  the  indigo. 

In  the  first  extraction  of  the  sample  with  ether,  in  addition 
to  any  monochloroacetic  acid  present,  many  of  the  wine 
congenerics  are  partly  or  completely  extracted,  such  as 
glycerol,  tartaric  acid,  alcohol,  higher  alcohols,  esters,  and 
coloring  material.  The  second  extraction  with  ether  re¬ 
moves  80  per  cent  of  any  monochloroacetic  acid  present  and 
some  of  the  wine  congenerics,  leaving  the  bulk  of  them  behind 
in  the  small  amount  of  aqueous  solution.  To  purify  the 
acid  further,  benzene  is  employed.  Chloroform  was  tried 
as  a  solvent,  but  it  removed  too  many  impurities  to  give 
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Table  I.  Determination  of  Monochloroacetic  Acid 


Mono¬ 

chloro¬ 

Size  of 

acetic 

Wine 

Date  of  Analysis 

Sample 

Alcohol 

Acid 

Ml. 

% 

P.  p.  m. 

Sauterne 

June  13,  1942 

200 

13 

90.0 

July  27,  1942 

200 

90.0 

January  4,  1943 

200 

90.0 

Dry  white 

June  5,  1942 

200 

13 

230.0 

January  5,  1943 

100 

226.8 

Champagne  dosage 

August  13,  1942 

200 

14 

406.0 

solution 

August  20,  1942 

25 

411.0 

January  5,  1943 

50 

396.8 

satisfactory  results.  Benzene  removed  small  amounts  of 
the  acid  in  a  fairly  pure  state,  the  main  deterrent  to  extrac¬ 
tion  being  the  presence  of  water.  The  importance  of  having 
as  little  water  as  possible  present  at  this  point  in  the  proce¬ 
dure  is  shown  by  the  fact  that  when  a  sample  containing  20 
mg.  and  one  containing  40  mg.  of  the  acid  are  extracted  with 
benzene,  26  per  cent  of  it  is  removed  in  each  case,  whereas 
if  7  ml.  of  water  are  present  only  5  per  cent  of  the  acid  is  ex¬ 
tracted  with  benzene.  When  as  little  as  2  mg.  of  the  acid 
is  separated  from  the  wine  in  a  fairly  pure  state  for  the  final 
reactions,  positive  results  are  obtained  with  the  test. 

To  obtain  consistent  results  in  the  detection  of  minute 
quantities  of  monochloroacetic  acid  in  wine,  the  method  must 
be  carefully  followed  in  several  details — the  test  tube  kept 
at  a  45  0  angle  at  all  times,  so  that  the  residue  is  concentrated 
in  one  small  spot;  the  initial  evaporation  in  the  test  tube 
continued  until  only  1  drop  of  liquid  remains;  and  the  solid 
alkaline  mass  heated  for  1  hour  or  more  for  complete  desic¬ 
cation,  so  that  the  final  reaction  at  305°  to  312°  C.  may  be 
obtained  in  the  required  time  of  approximately  30  seconds. 
Occluded  moisture  causes  the  compact  mass  to  swell  and 
allow  too  much  air  to  take  part  in  the  reaction,  and  prevents 
the  sudden  reaching  of  the  reaction  temperature,  resulting  in 
prolonged  heating  and  destruction  of  the  phenylglycine-o- 
carboxylic  acid. 

In  some  of  the  wine,  an  emulsion  formed  during  the  first 
extraction  with  ether.  Since  no  way  was  found  to  prevent  it, 
the  procedure  was  to  continue  the  extraction  for  the  required 
time,  allowing  the  emulsion  to  be  carried  over  into  the  re¬ 
ceiver,  The  ether  was  distilled  off  as  usual,  and  the  solution 
containing  the  monochloroacetic  acid  was  made  up  to  the 
original  volume  with  acidified  water  and  reextracted  with 


ether.  This  time  no  emulsion  formed  or  not  enough  to  be 
carried  into  the  receiver. 

Results  so  far  obtained  in  this  laboratory  show  that  the 
presence  of  sulfur  compounds  in  wine  as  normally  used  for 
preservative  purposes  has  no  effect  on  the  determination  of 
monochloroacetic  acid  and  the  presence  of  the  acid  does  not 
interfere  with  the  quantitative  determination  of  sulfur  di¬ 
oxide  therein. 

In  addition  to  various  types  of  wine,  the  juice  expressed 
from  unripe  grapes  was  analyzed.  Samples  of  175  ml.  of 
juice  from  each  of  two  varieties  were  analyzed  by  the  quali¬ 
tative  method  and  in  both  cases  the  results  were  negative. 

The  chlorine  compounds  naturally  present  in  normal 
wines  are  not  extracted  by  ether;  therefore  any  chloride  in 
the  ether  extract  must  come  from  foreign  material  added  to 
the  wine. 

Quantitative  Determination 

The  following  method  is  that  of  Wilson  (3),  with  a  few 
minor  changes  necessary  to  make  it  applicable  to  the  small 
quantity  of  the  acid  found  in  wine. 

Place  200  ml.  of  wine  and  2  ml.  of  concentrated  sulfuric  acid  in 
a  continuous  extractor  and  extract  with  ether  for  2  hours.  Dis¬ 
connect  the  apparatus  and  drain  through  a  dry  filter  paper  into 
the  flask  as  much  of  the  ether  as  possible  from  the  extraction 
chamber,  add  25  ml.  of  N  sodium  hydroxide,  and  distill  the  ether 
back  into  the  extraction  chamber,  which  has  been  emptied  and 
is  cooled  by  being  placed  in  a  beaker  of  ice  water.  Disconnect 
the  flask  and  digest  on  a  steam  bath  for  2  hours.  Cool,  and  add 
50  ml.  of  water,  8  ml.  of  nitric  acid,  and  20  ml.  of  0.1  N  silver 
nitrate.  Boil  the  solution  gently  for  several  minutes,  allow  to 
cool  in  the  dark  for  30  to  60  minutes  to  settle  the  precipitate, 
filter  off  the  silver  chloride,  wash  the  filter  paper  thoroughly  with 
water,  and  titrate  the  excess  of  silver  nitrate  with  0.1  N  thio¬ 
cyanate  solution,  using  5  ml.  of  8  per  cent  ferric  alum  solution 
as  indicator. 

In  connection  with  the  process  of  removing  wine  extrac¬ 
tives  for  the  detection  of  monochloroacetic  acid,  the  quanti¬ 
tative  determination  of  the  acid  by  continuous  extraction  with 
chloroform  was  tried  on  a  commercial  wine  in  which  9  mg.  of 
the  acid  per  100  ml.  of  wine  were  obtained  by  ether  extraction, 
using  200  ml.  of  sample.  The  chloroform  extracted  7.1  mg. 
of  the  acid  during  the  first  1.5  hours  and  11.3  mg.  during  a 
further  1.5-hour  extraction,  making  a  total  of  18.4  mg.  from 
200  ml.  of  sample.  However,  no  advantage  was  gained  by 
the  use  of  chloroform  instead  of  ether. 

The  range  of  quantities  of  monochloroacetic  acid  so  far 


Table  II.  Analyses  of  Wines  and  Champagnes 


Monochloroacetic 

Mfg. 

Wine 

Alcohol 

Storage 

Acid 

% 

P.  p.  m. 

A 

Sweet  white 

13 

Tank 

230 

Sweet  white 

13 

Tank 

270 

Sweet  red 

13 

Tank 

230 

Sauterne 

13 

Bottle 

90 

B 

Sauterne 

13 

Bottle 

90 

Claret 

13 

Bottle 

90 

C 

Medium  dry 

12 

Bottle 

None 

Sweet  white 

13 

Bottle 

None 

D 

Dry  white 

Tank 

None 

Dry  red 

Tank 

None 

E 

Chateau  type 

Tank 

None 

Sauterne 

12 

Bottle 

None 

F 

Champagne 

12 

Bottle 

187 

Champagne 

12 

Bottle 

137 

Wine  dosage 

14 

406 

solution 

Sparkling  wine 

13 

Bottle 

230 

G 

Dry  white 

13 

Tanks 

42  on  each 

(6  samples) 

SOj 

Free 

Total 

Indigo 

Produced 

/ - Chlorine  Due  to — 

CHiCICOOH  Wine 

Total 

P.  p.  m. 

P.  p.  m. 

66.0 

Yes 

0 . 0085 

Gram/ 100  ml. 

0.0053 

0.0138 

Yes 

0.0101 

0.0059 

0.0160 

87.0 

Yes 

0.0085 

0.0053 

0.0138 

209.9 

Yes 

0.0034 

0.0030 

0.0064 

74.2 

Yes 

0 . 0034 

0 . 0059 

0 . 0093 

Yes 

0.0034 

0.0076 

0.0110 

No 

0 . 0000 

0.0039 

0 . 0039 

26.0 

256.0 

No 

0 . 0000 

0.0057 

0 . 0057 

No 

0.0000 

0.0036 

0.0036 

... 

No 

0.0000 

0.0046 

0 . 0046 

253.6 

771.8 

No 

0.0000 

126.5 

289.3 

No 

0 . 0000 

Yes 

0.0071 

... 

Yes 

0.0052 

... 

... 

Yes 

0.0153 

... 

Yes 

0.0085 

... 

Yes 

0.0016 
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extracted  from  commercial  wines  and  champagnes  in  this 
laboratory  extends  from  42  to  400  parts  per  million,  which 
have  fallen  into  four  average  groups:  42,  90,  150,  and  250 
parts  per  million. 

To  determine  whether  or  not  monochloroacetic  acid  is 
decomposed  in  wine  on  long  standing,  three  samples  were 
analyzed  at  various  intervals  of  time.  The  results  given  in 
Table  I  not  only  show  that  the  acid  is  stable  in  wine,  but 
also  check  the  accuracy  of  the  method,  since  consistent 
figures  were  obtained  with  varying  amounts  of  sample. 

Table  II  contains  some  of  the  results  of  the  analysis  of 
various  wines  and  champagnes  made  during  the  course  of  the 
work. 

The  total  chlorine  was  determined  by  the  official  A.  O.  A.  C. 
method  for  chlorine  in  wines,  by  the  addition  of  sodium  car¬ 
bonate  and  evaporation  to  dryness.  Two  hours  or  more  are 
required  for  the  determination  and  Wilson  has  shown  that 


monochloroacetic  acid  is  completely  hydrolyzed  in  that  length 
of  time,  according  to  the  equation  2CH2Cl.COOH  + 
Na2C03  +  H20  =  2CH2OH.COOH  +  2NaCl  +  C02.  There¬ 
fore  the  figure  for  total  chlorine  in  the  wine  includes  that 
derived  from  any  monochloroacetic  acid  present. 

The  chlorine  due  to  monochloroacetic  acid  was  determined 
by  Wilson’s  method  and  that  due  to  the  wine  was  found  by 
difference.  The  chlorine  content  due  to  the  wine  itself,  as 
shown  in  Table  II,  is  normal  for  the  types  of  wine  repre¬ 
sented. 
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A  New  Selective  Reagent  for  Lithium 

Application  to  the  Rapid  Volumetric  Estimation  of  Lithium  in  the  Presence 

of  Potassium  and  Sodium 

LOCKHART  B.  ROGERS1  AND  EARLE  R.  CALEY2 
Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


Lithium  is  quantitatively  precipitated  as  a  complex 
periodate  by  a  strongly  alkaline  potassium  periodate 
solution.  Such  a  solution  may  be  made  the  basis  of  selective 
methods  for  the  detection  or  determination  of  lithium,  since 
with  proper  adjustment  of  alkalinity  the  other  alkali  metals  do 
not  form  insoluble  periodates.  By  systematic  experiments 
with  a  series  of  trial  reagents  it  was  found  that  a  reagent  of 
the  following  composition  gave  the  best  results:  potassium 
hydroxide,  24  grams;  potassium  metaperiodate,  10  grams; 
water,  100  ml. 

The  potassium  hydroxide  is  first  dissolved  in  the  water, 
and  after  the  solution  has  become  nearly  cool  the  potassium 
metaperiodate  is  dissolved.  Simultaneous  dissolution  of 
the  two  solids  is  not  a  satisfactory  procedure,  since  slight 
decomposition  of  the  periodate  then  often  occurs,  apparently 
as  a  consequence  of  heat  developed  by  the  dissolution  of 
the  potassium  hydroxide.  The  reagent  undergoes  slight 
decomposition  by  the  action  of  light  and  should  preferably 
be  kept  in  a  dark  bottle.  Because  of  its  high  alkalinity  it 
should  be  placed  in  a  paraffined  container  unless  all  of  it 
is  to  be  used  within  a  very  short  time.  When  properly 
prepared  and  bottled,  this  reagent  is  stable  for  at  least  a 
month. 

Qualitative  Behavior 

For  delicate  results  in  the  detection  of  lithium,  both  the 
volume  of  test  solution  and  the  volume  of  reagent  must  be 
properly  restricted.  The  test  solution  should  be  reduced 
to  a  volume  of  1  ml.  or  less,  and  an  equal  volume  of  reagent 
should  be  added.  With  1  ml.  of  each,  0.5  mg.  of  lithium 
present  as  chloride  yields  a  distinct  precipitate  in  one  minute 
in  the  cold,  and  if  the  mixture  is  warmed  to  about  70°  C., 
a  distinct  precipitate  is  produced  by  0.1  mg.  of  lithium.  The 
delicacy  of  the  test  is  but  little  reduced  by  the  use  of  larger 

1  Present  address,  Department  of  Chemistry,  Stanford  University, 
Calif. 

*  Present  address,  Wallace  Laboratories,  New  Brunswick,  N.  J. 


volumes  of  reagent  up  to  5  ml.,  but  is  greatly  reduced  by  the 
use  of  larger  volumes  of  test  solution. 

As  much  as  50  mg.  of  sodium  or  ammonium,  or  100  mg.  of 
potassium,  present  as  chloride  does  not  yield  a  precipitate 
when  the  volume  of  test  solution  and  reagent  is  each  1  ml. 
The  presence  of  potassium,  sodium,  or  both  does  not  reduce 
the  sensitivity  of  the  test,  but  the  presence  of  ammonium  in 
appreciable  concentration  does.  For  example,  in  the  presence 
of  50  mg.  of  ammonium  no  precipitate  is  produced  when  1  ml. 
of  reagent  is  added  to  1  ml.  of  test  solution  containing  0.5 
mg.  of  lithium.  For  best  results,  therefore,  ammonium 
should  be  removed  before  testing  for  lithium  with  this  re¬ 
agent.  Excess  ammonium  may  be  readily  removed  by 
boiling  the  test  solution  with  a  slight  excess  of  concentrated 
potassium  hydroxide  solution,  and  the  test  may  be  made 
directly  on  the  boiled  solution,  since  some  potassium  hy¬ 
droxide  in  the  test  solution  does  not  interfere  with  the  lithium 
reaction. 

Because  of  the  nature  of  the  reagent,  metals  other  than 
alkali  metals  must  obviously  be  absent.  Common  anions 
such  as  chloride,  nitrate,  or  sulfate  do  not  interfere.  More¬ 
over,  free  strong  or  weak  acids,  when  not  present  in  high 
concentration,  do  not  interfere,  though  when  such  acids 
are  present  some  free  iodine  may  be  liberated  on  the  first 
addition  of  the  reagent  to  the  test  solution,  but  this  dis¬ 
appears  when  the  solution  becomes  basic.  It  is  better  in 
practice,  however,  to  neutralize  any  free  acid  with  potassium 
hydroxide  solution  before  adding  the  reagent.  Numerical 
data  on  interference  are  given  under  the  discussion  of  the 
quantitative  application  of  this  reagent. 

Properties  and  Composition  of  the  Precipitate 

The  precipitate  formed  by  this  reagent  is  finely  divided 
but  may  be  separated  by  filtration  without  much  difficulty, 
especially  when  the  precipitation  is  performed  slowly  at 
an  elevated  temperature.  It  is  soluble  in  water,  in  acid 
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Table  I.  Analyses  op  Precipitates  Formed  by  Addition 
of  Periodate  Reagent  to  Solutions  op  Lithium  Chloride 


Average  Lithium 

Average  Iodine 

Atomic  Ratio  of 

Preparation 

Content 

Content 

Lithium  to  Iodine 

•  % 

% 

I 

11.13 

46.62 

4.37 

II 

12.27 

49.10 

4.57 

III 

11.87 

47.01 

4.62 

IV 

12.42 

48.34 

4.70 

Key  to  preparations: 

I.  Precipitated  cold  and  dried  in  air  at  room  temperature. 

II.  Precipitated  cold  and  dried  at  room  temperature  over  P2O1. 

III.  Precipitated  hot  and  dried  in  air  at  room  temperature. 

IV.  Precipitated  hot  and  dried  in  air  at  90°  C. 


solutions,  or  in  weakly  alkaline  solutions.  Only  in  strongly 
alkaline  solutions  does  it  have  a  low  solubility  in  aqueous 
media.  However,  when  precipitated  in  and  washed  with  a 
strongly  alkaline  solution,  considerable  alkali  is  firmly  re¬ 
tained  by  the  precipitation,  probably  in  large  part  by  ad¬ 
sorption.  Though  but  slightly  soluble  in  the  common 
organic  solvents  miscible  with  water,  most  of  these  react 
with  it  to  an  appreciable  extent.  Hence,  it  is  difficult  to 
isolate  this  precipitate  in  a  pure  state  for  the  purpose  of 
studying  its  composition.  By  precipitating  a  large  enough 
quantity  and  washing  it  sparingly  with  small  portions  of 
distilled  water,  enough  to  provide  samples  for  analysis  may 
be  isolated. 

Actually,  in  preparing  the  four  samples  for  the  analyses 
shown  in  Table  I,  200-mg.  quantities  of  lithium  were  pre¬ 
cipitated  with  40  ml.  of  reagent.  The  precipitate  separated 
by  filtration  was  transferred  to  a  centrifuge,  and  washed 
with  10  successive  5-ml.  portions  of  distilled  water.  Lithium 
was  determined  either  gravimetrically  as  the  sulfate  or 
volumetrically  by  the  method  described  below.  Iodine  was 
determined  by  titration  with  standard  arsenite  solution  after 
adding  potassium  iodide  to  the  properly  prepared  solutions 
of  the  samples. 

There  are  not  only  differences  in  the  percentage  composi¬ 
tion  of  these  samples,  but  no  integral  stoichiometric  relation¬ 
ship  exists  between  the  proportions  of  lithium  and  iodine. 
The  differences  in  composition  are  evidently  due  in  part  to 
differences  in  the  extent  to  which  the  samples  were  dried, 
but  all  differences  in  composition  cannot  be  ascribed  to  dif¬ 
ferences  in  the  method  of  drying.  It  is  not  unlikely  that 
some  alteration  of  the  original  composition  of  the  precipitates 
occurred  on  washing  them  with  water,  and  this  may  account 
in  part  for  the  observed  differences  in  composition.  How¬ 
ever,  neither  the  method  of  drying  nor  the  method  of  washing 
can  account  for  the  lack  of  integral  stoichiometric  ratio  be¬ 
tween  the  proportions  of  lithium  and  iodine,  since  the  same 
lack  of  integral  ratio  was  found  to  exist  in  precipitates  which 
had  neither  been  washed  with  water  nor  dried.  Moreover, 
as  indicated  by  Table  I  and  as  established  definitely  in  the 
development  of  the  volumetric  method  described  below,  the 
atomic  ratio  of  lithium  to  iodine  is  lower  in  precipitates 
formed  at  room  temperature  than  in  precipitates  formed  at 
higher  temperatures.  Evidently,  the  precipitate  produced 
by  this  reagent  is  a  mixture  of  lithium  periodates  and  does 
not  consist  of  a  single  compound.  However,  as  shown  by 
the  quantitative  studies  described  below,  this  mixture  is 
so  constant  in  composition  when  formed  under  fixed  con¬ 
ditions  that  its  lithium  content  may  be  accurately  deter¬ 
mined  from  a  measurement  of  its  iodine  or  periodate  content. 
The  ratio  of  lithium  to  iodine  in  the  precipitate  is  much  more 
variable  after  washing  with  water  and  drying  than  in  the  wet 
precipitate  separated  from  solution  and  washed  with  strong 
alkali  solution.  Because  of  the  difficulty  of  washing  and 
drying  this  precipitate  and  because  of  its  uncertain  composi¬ 
tion  when  washed  and  dried,  it  apparently  is  useless  for  the 


gravimetric  determination  of  lithium.  It  may,  however, 
be  made  the  basis  of  a  rapid  and  satisfactory  empirical  method 
for  the  volumetric  estimation  of  this  element. 

Quantitative  Application 

By  properly  restricting  the  volume  of  the  solution  in 
which  lithium  is  to  be  determined  and  the  volume  of  re¬ 
agent  used,  quantities  of  lithium  as  small  as  0.1  mg.  may  be 
quantitatively  precipitated,  and  for  convenience  in  manipu¬ 
lation  50  mg.  is  about  the  maximum  amount  that  should 
be  precipitated,  though  somewhat  greater  amounts  may 
be  precipitated  and  successfully  determined.  After  precipi¬ 
tating,  filtering,  and  washing  in  the  manner  detailed  in  the 
procedure,  the  precipitate  is  dissolved  in  dilute  sulfuric 
acid  and  the  liberated  periodate  is  determined  by  titration, 
which  may  be  done  in  several  different  ways.  For  example, 
potassium  iodide  may  be  added  to  the  acid  solution,  and 
the  liberated  iodine  may  be  determined  by  titration  with  a 
standardized  0.1  N  thiosulfate  solution.  Because  of  the 
very  large  ratio  between  volume  of  thiosulfate  solution  and 
weight  of  lithium  in  the  precipitate,  this  method  of  titration 
is  unusually  suitable  for  the  determination  of  amounts  of 
lithium  not  exceeding  10  mg.,  but  is  not  suitable  for  the 
determination  of  larger  amounts  of  lithium.  For  such 
determinations  it  is  better  to  buffer  the  acid  solution  of 
the  precipitate  with  an  excess  of  borax  or  sodium  bicarbonate, 
add  potassium  iodide,  and  then  titrate  with  a  standardized 
0.1  A  sodium  arsenite  solution.  The  solution  of  the  precipi¬ 
tate  may  also  be  titrated  with  arsenite  by  adding  the  potas¬ 
sium  iodide  first  to  the  acid  solution  and  afterward  adding  the 
buffer.  In  this  way  the  ratio  of  volume  of  titrating  solution 
to  weight  of  lithium  is  as  favorable  as  in  a  thiosulfate  titration. 
The  validity  of  this  variation  in  the  usual  method  of  titrating 
periodate  with  arsenite  solution  was  established  by  ap¬ 
propriate  experiments.  Thus  a  single  standardized  arsenite 
solution  may  be  used  for  the  titration  of  both  large  and 
small  amounts  of  lithium  in  the  range  in  which  this  method 
is  applicable. 


Table  II. 

Trial  Determinations  with  Lithium  Alone 

Volume  of  0.1040  N 

Lithium 

Arsenite  Solution 

Lithium 

Present 

Required 

Found 

Error 

Mg. 

Ml. 

Mg. 

Mg. 

Cold  Precipitation  and  Titration  with  Standard  Arsenite  Solution 

0.5 

0.25 

0.4 

-0.1 

1.0 

0.55 

0.9 

-0.1 

5.0 

3.00 

5.0 

±0.0 

10.0 

6.02 

9.9 

-0.1 

20.0 

12.32 

20.2 

+  0.2 

25.0 

15.26 

25.0 

±0.0 

50.0 

30.70 

50.3 

+  0.3 

50.0 

30.40 

49.7 

-0.3 

Hot  Precipitation  and  Titration  with  Standard  Arsenite  Solution 

0.5 

0.27 

0.4 

-0.1 

1.0 

0.55 

0.9 

-0.1 

2.0 

1.17 

2.0 

±0.0 

5.0 

2.93 

5.0 

±0.0 

10.0 

5.93 

10.1 

+  0.1 

20.0 

11.87 

20.2 

+  0.2 

25.0 

14.84 

25.3 

+0.3 

50.0 

29.34 

50.0 

±0.0 

Table  III.  Trial  Determinations  with  Lithium  Alone 

(Hot  precipitation  and  titration  with  standard  thiosulfate  solution) 
Volume  of  0.1034  N 


Lithium 

Present 

Thiosulfate  Solu¬ 
tion  Required 

Lithium 

Found 

Error 

Mg. 

Ml. 

Mg. 

Mg. 

0.1 

0.12 

0.05 

-0.05 

0.2 

0.43 

0.2 

±0.0 

0.5 

1.12 

0.5 

±0.0 

1.0 

2.34 

1.0 

±0.0 

2.0 

4.70 

2.0 

±0.0 

5.0 

11.85 

5.0 

±0.0 
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Table  IV.  Trial  Determinations  of  Lithium  in  the  Pres¬ 
ence  of  Sodium 


Volume 

of 

Reagent 

Volume 
of  Test 
Solution 

Sodium 

Present 

Lithium 

Present 

Lithium 

Found 

Error 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

1 

Cold  Precipitation 

SO  0.5 

0.3 

-0.2 

2 

2 

150 

0.5 

0.3 

-0.2 

1 

1 

50 

5.0 

5.2 

+  0.2 

1 

1 

50 

5.0 

5.1 

+0.1 

5 

1 

50 

5.0 

5.0 

±0.0 

2 

2 

100 

5.0 

5.0 

±0.0 

3 

3 

150 

5.0 

5.0 

±0.0 

10 

2 

200 

5.0 

6.1 

+  1.1 

5 

1 

50 

50.0 

49.7 

-0.3 

10 

2 

150 

50.0 

50.5 

+  0.5 

1 

1 

Hot  Precipitation 

10  0.5 

0.5 

±0.0 

2 

2 

30 

0.5 

0.5 

±0.0 

1 

1 

50 

0.5 

1.0 

+0.5 

1 

1 

10 

5.0 

4.9 

-0.1 

1 

1 

20 

5.0 

8.0 

+  3.0 

2 

2 

20 

5.0 

4.9 

-0.1 

X 

X 

30 

5.0 

9.9 

+  4.9 

2 

2 

30 

5.0 

4.9 

-0.1 

1 

1 

40 

5.0 

10.4 

+  5.4 

5 

1 

50 

5.0 

4.9 

-0.1 

5 

1 

50 

50.0 

49.5 

-0.5 

2 

2 

100 

5.0 

25.0 

+20.0 

3 

3 

150 

5.0 

35.0 

+  30.0 

Procedure 

From  the  chloride,  nitrate,  perchlorate,  or  sulfate  solution 
containing  not  more  than  50  mg.  of  lithium  remove  all  metals 
except  those  of  the  alkali  group.  Remove  ammonium  also,  if 
more  than  a  few  milligrams  are  present.  Reduce  the  volume  of 
the  solution  to  2  ml.,  finally  placing  it  in  a  beaker  of  not  more 
than  50-ml.  capacity.  Immerse  the  bottom  half  of  the  beaker 
in  a  water  bath  maintained  at  60°  to  70°  C.,  and  after  a  few 
minutes  add  the  special  periodate  reagent  dropwise  with  constant 
swirling  at  a  rate  not  exceeding  one  drop  every  5  seconds  until  2 
ml.  have  been  added.  If  a  heavy  precipitate  forms  add  3  ml.  more 
of  reagent  in  the  same  way.  If  the  precipitate  is  very  heavy,  as 
shown  by  the  formation  of  a  mixture  that  does  not  flow  freely, 
add  another '3  to  5  ml.  of  reagent.  Allow  the  precipitated  solution 
to  digest  at  60°  to  70°  C.  for  20  minutes  and  then  filter  through  a 
Gooch  crucible  fitted  with  a  moderately  thick  asbestos  pad. 
Wash  the  precipitate  with  4  successive  2-ml.  portions  of  3  to  5  N 
potassium  hydroxide  added  slowly  from  a  pipet.  If  more  than  20 
mg.  of  sodium  is  present,  precipitate,  filter,  and  wash  in  the  same 
way  but  at  room  temperature.  Transfer  the  pad  and  precipitate 
to  a  250-ml.  beaker  with  the  aid  of  distilled  water,  and  add  5-ml. 
of  N  sulfuric  acid  in  order  to  ensure  complete  solution  of  the  pre¬ 
cipitate. 

Titrate  the  periodate  in  the  solution  by  means  of  a  standardized 
sodium  thiosulfate  or  arsenite  solution.  If  thiosulfate  is  used 
adjust  the  acidity,  add  potassium  iodide,  and  titrate  in  the  usual 
way.  If  arsenite  is  used  and  the  amount  of  lithium  is  relatively 
high,  add  an  excess  of  borax  or  sodium  bicarbonate  as  a  buffer 
before  adding  the  potassium  iodide  and  titrating.  If  the  amount 
of  lithium  is  low,  add  the  potassium  iodide  before  the  buffer  and 
then  titrate.  Standardize  the  titrating  solution  on  a  known 
amount  of  lithium  by  exactly  the  same  procedure  as  used  in  the 
determination. 

In  Tables  II  and  III  is  shown  the  degree  of  accuracy 
obtainable  when  this  procedure  is  applied  to  pure  lithium 
chloride  solutions.  The  results  of  Table  II  are  based  upon 
the  results  for  the  50-mg.  quantity  taken  as  a  standard.  For 
those  of  Table  III,  the  5-mg.  quantity  was  taken  as  the 
basis.  Although  the  accuracy  is  not  high,  it  is  satisfactory 
from  the  standpoint  of  practical  analysis.  The  results  in 
these  tables  illustrate  well  the  different  volumes  of  the  same 
titrating  solution  required  for  a  given  quantity  of  lithium 
when  the  precipitation  is  made  at  different  temperatures,  and 
also  the  different  volumes  of  arsenite  and  thiosulfate  solution 
required  for  a  given  quantity  of  lithium. 

The  results  in  Table  IV  indicate  the  effect  of  sodium  on 
the  accuracy  of  the  determination.  These  results  were 
also  obtained  on  chloride  solutions.  It  is  evident  that  when 


precipitation  is  done  at  room  temperature  interference  occurs 
only  with  the  largest  amounts  of  sodium  that  may  possibly 
be  present,  whereas  at  an  elevated  temperature  interference 
occurs  with  much  smaller  amounts  of  sodium.  The  reason 
for  this  difference  apparently  is  that  a  periodate  containing 
sodium  precipitates  out  at  the  elevated  temperature.  When 
more  than  a  decigram  or  two  of  sodium  is  present  it  is  ad¬ 
visable  to  precipitate  at  room  temperature.  Precipitation 
at  an  elevated  temperature  produces  a  precipitate  that  may 
be  filtered  and  washed  more  easily  and  rapidly,  but,  to 
avoid  gross  errors,  precipitation  should  always  be  made  at 
room  temperature  whenever  doubt  exists  as  to  the  amount 
of  sodium  present. 

As  shown  by  Table  V,  considerable  amounts  of  ammonium 
lead  to  low  results,  apparently  because  ammonium  in  high 
concentration  increases  the  solubility  of  the  lithium  pre¬ 
cipitate.  However,  relatively  small  amounts  do  not  cause 
an  appreciable  error.  Table  VI  indicates  that  lithium  may 
be  successfully  determined  by  this  method  in  the  presence 
of  various  substances,  some  of  which  will  commonly  be 
present  in  the  solution  in  which  the  lithium  is  to  be  deter¬ 
mined  when  this  solution  is  a  filtrate  from  other  determina¬ 
tions  or  separations. 

In  spite  of  the  empirical  nature  of  the  method  lithium 
may  be  successfully  determined  by  its  use  in  the  presence 
of  sodium  and  certain  other  substances  which  ordinarily 
interfere  with  the  quantitative  determination  of  this  element. 
As  far  as  the  authors  are  aware,  this  is  the  only  method  by 
which  lithium  may  be  determined  in  the  presence  of  sodium 
with  rapidity  and  satisfactory  accuracy. 


Table  V.  Trial  Determinations  of  Lithium 
Presence  of  Ammonium 

Volume  Volume  Am- 

of  of  Test  monium  Lithium  Lithium 

IN  THE 

Reagent 

Solution 

Present 

Present 

Found 

Error 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

1 

50 

5.0 

4.8 

—  0.2“ 

3 

1 

50 

5.0 

5.1 

+0.1“ 

2 

2 

100 

5.0 

4.8 

-0.2“ 

3 

3 

150 

5.0 

3.7 

-1.3“ 

2 

2 

50 

5.0 

5.1 

+0.H> 

3 

1 

50 

5.0 

4.9 

-0.1 1> 

5 

1 

50 

5.0 

5.0 

±0 .06 

3  1 

“  Hot  precipitation. 
f>  Cold  precipitation. 

100 

5.0 

4.1 

-0.9  b 

Table  VI.  Trial 

Determinations  of  Lithium  in 

THE 

Presence  of  Various  Substances 

Volume  Volume 

Substance  Added  to 

of 

of  Test 

Lithium 

Lithium 

Test  Solution 

Reagent 

Solution 

Present 

Found 

Error 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

0.05  ml.  of  concen- 

trated  HC1 

3 

1 

10.0 

10.1 

+  0.1 

3 

1 

10.0 

9.9 

-0.1 

0.1  ml.  of  60%  HCIO4 

3 

1 

10.0 

10.0 

±0.0 

3 

1 

10.0 

10.0 

±0.0 

1.0  gram  of  KNO3 

9 

3 

10.0 

9.9 

-0.1 

9 

3 

10.0 

10.0 

±0.0 

0.3  gram  of  K2SO4 

9 

3 

10.0 

10.0 

±0.0 

9 

3 

10.0 

10.0 

±0.0 
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The  Rolling  Ball  Viscometer 
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A  study  of  the  system  of  the  inclined  tube  and 
rolling  hall  as  applied  to  the  measurement  of  vis¬ 
cosity  is  described.  Dimensional  analysis  was 
used  to  derive  general  relations  between  the 
variables  involved  and  the  simple  calibration  for 
the  rolling  ball  viscometer  in  the  streamline  region 
of  fluid  flow.  The  coefficient  of  the  calibration 
equation  may  be  calculated  from  the  dimensions 
of  the  instrument  with  the  aid  of  an  experimentally 
determined  empirical  factor.  By  using  the  equa¬ 
tions  given,  the  useful  range  of  the  rolling  ball  vis¬ 
cometer  may  be  predicted  without  experimental 
calibration  or  an  instrument  may  be  designed  for 
measurements  over  any  desired  range  of  viscosity. 
An  empirical  correlation  is  given  which  allows  vis¬ 
cosity  to  be  estimated  from  data  taken  on  the  vis¬ 
cometer  in  the  turbulent  region  of  fluid  flow.  The 
effect  of  temperature  changes  on  the  viscometer 
and  its  calibration  is  discussed. 


FOR  many  years  the  system  of  the  inclined  tube  and  rolling 
ball  has  been  used  as  an  empirical  instrument  for  vis¬ 
cosity  measurement  without  complete  knowledge  of  the  gen¬ 
eral  relations  existing  between  the  variables  involved.  The 
instrument  has  been  used  because  it  is  more  easily  adaptable 
for  measurements  in  enclosed  systems.  It  has  many  advan¬ 
tages,  which  may  be  listed  as  follows: 

1.  The  apparatus  can  be  extremely  simple. 

2.  Only  a  small  sample  of  material  is  required. 

3.  Visual  observation  in  glass  apparatus  is  possible  even  with 
opaque  liquids,  since  the  ball  is  in  contact  with  the  tube  at  one 
point. 

4.  The  system  possesses  great  flexibility,  with  the  oppor¬ 
tunity  of  changing  one  or  more  of  the  variables:  tube  diameter, 
ball  diameter,  angle  of  inclination,  ball  density,  and  rolling  dis¬ 
tance  of  ball. 

The  use  of  the  system  of  the  inclined  tube  and  rolling  ball  as  a 
viscometer  was  first  suggested  by  Flowers  (7)  and  was  studied 
by  Hersey  (8),  who  evolved  by  dimensional  treatment  the 
manner  of  correlation  of  the  variables  involved.  A  calibration 
first  used  by  Hersey  and  Shore  ( 9 )  consisted  of  a  plot  of  the 
equation 


Except  at  high  rolling  velocities  this  relation  was  linear,  and 
the  line  extended  passed  through  the  origin. 

Sage  (13)  described  the  use  of  the  system  in  measuring  the 
viscosity  of  hydrocarbon  solutions.  He  used  a  calibration  of  the 
form 

M  =  b  z  (p,  -  p)  (2) 

which  may  readily  be  derived  from  Equation  1.  This  relation 
also  departed  from  the  linear  function  through  the  origin,  but 
only  for  viscous  fluids  and  low  rolling  velocities. 

Sage  and  Lacey  (14)  measured  the  viscosity  of  hydrocarbon 
gases  in  a  similar  apparatus  and  worked  in  the  turbulent  region 
of  flow  to  a  large  extent.  The  value  of  constant  b  in  Equation  2, 
which  represented  the  calibration  in  the  streamline  region  only, 
was  obtained  from  observations  on  known  liquids.  Using  other 
fluids  for  the  turbulent  region,  but  still  calculating  viscosity  by 
Equation  2,  a  viscosity-ratio  correction  factor  obtained  for  each 
fluid  was  plotted  against  a  function  proportional  to  Reynolds 


1  Present  address,  Koppers  Co.,  Pittsburgh,  Penna. 


number.  By  use  of  this  plot  applicable  to  the  one  instrument 
only,  the  viscosity  of  fluids  flowing  with  turbulence  was  calculated 
by  the  method  of  successive  trials. 

Block  (5)  has  recently  suggested  the  addition  of  a  term  con¬ 
taining  an  empirically  derived  exponent  to  the  calibration 
Equation  1  to  effect  agreement  of  the  equation  with  experimental 
results  in  the  turbulent  region. 

Hoeppler  (10)  reported  the  results  of  experimental  work  on  the 
eccentric  fall  of  large  spheres  in  a  tube  inclined  at  an  angle  of 
80°.  In  suggesting  that  this  arrangement  of  the  inclined  tube 
and  rolling  ball  be  used  as  a  viscometer,  he  too  employed  Equation 
2  as  a  calibration.  The  commercial  instrument  bearing  his  name 
uses  a  short,  nearly  vertical  glass  tube  of  large  diameter  (16  mm.) 
and  close  fitting  balls  of  either  glass  or  steel. 

No  general  study  of  the  system  of  the  inclined  tube  and 
rolling  ball  has  been  reported.  An  experimental  investiga¬ 
tion  of  the  system  was  therefore  made  on  tubes  from  6  to  10 
mm.  in  diameter  with  balls  of  aluminum,  steel,  and  brass 
ranging  in  size  from  85  per  cent  to  the  full  tube  diameter. 
The  general  correlation  obtained  verified  the  viscometer 
calibration,  Equation  2,  and  in  addition  indicated  a  method 
by  which  the  unknown  coefficient,  6,  could  be  calculated 
from  the  dimensions  of  the  apparatus  with  the  aid  of  an 
empirical  correlation. 

Nomenclature 

b,  c  =  proportionality  constants 
C  =  coefficient,  defined  by  Equation  15 
d,  =  diameter  of  ball,  cm. 

D  =  diameter  of  tube,  cm. 

/  =  resistance  factor  =  R/(h2  p  u2),  dimensionless 

/„  =  resistance  factor  at  critical  velocity 

F  —  force,  gram  cm.  per  second2 
g  =  acceleration  of  gravity  =  980  cm.  per  second2 
h  =  equivalent  diameter  of  annular  space  between  ball  and 
tube,  defined  by  Equation  7,  cm. 

K  =  correlation  factor,  dimensionless 
L  =  length,  a  fundamental  dimension,  cm. 

M  =  mass,  a  fundamental  dimension,  grams 
R  =  driving  force  on  ball  or  resistance  of  fluid  to  motion  of  ball, 
defined  by  Equation  8,  gram.  cm.  per  second2 
Re  =  Reynolds  number  =  (h  u  p)/n,  dimensionless 
Rec  =  Reynolds  number  at  critical  velocity 
t  -  temperature,  °  C. 

T  =  time,  a  fundamental  dimension,  seconds 
u  =  average  fluid  velocity  through  annular  space  between 
ball  and  tube,  cm.  per  second 
V  =  terminal  rolling  velocity  of  ball,  cm.  per  second 
z  =  time  of  roll,  seconds 

ocb  =  linear  coefficient  of  thermal  expansion  of  ball  material, 
per  °  C. 

at  =  coefficient  of  expansion  of  tube,  per  °  C. 

/S  =  coefficient  in  Equation  1 

5  =  prefix  indicating  derivative 

A  =  increment  of  change  of  variable 

6  =  angle  of  inclination  of  tube  to  the  horizontal 

n  =  viscosity  of  fluid,  grams  per  cm.  per  second 

no  =  viscosity  of  fluid  calculated  when  Equation  14  is  used  in 

the  turbulent  region,  gram  per  cm.  per  second 
7T  =  3.1416 

p  =  density  of  fluid,  grams  per  cc. 
p,  =  density  of  ball,  grams  per  cc. 

0  =  symbol  for  “is  function  of” 

o  =  subscript  denoting  value  at  temperature  of  calibration  of 
viscometer 

Dimensional  Analysis 

There  are  seven  variables  to  be  considered  in  the  analysis 
of  the  rolling  ball  viscometer.  In  addition  to  the  funda¬ 
mental  units — length,  L;  mass,  M;  and  time,  T — force, 
F  =  MLT~2,  is  considered  a  unit  of  its  own  kind.  This  can 
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be  done  because  the  system  is  in  equilibrium  and  in  un¬ 
accelerated  motion,  and  no  use  is  made  of  the  fact  that  where 
there  happens  to  be  accelerated  motion,  force  is  equal  to  mass 
times  acceleration.  The  seven  variables  with  symbols  and 


dimensions  are : 

Variable 

Symbol 

Dimension 

Diameter  of  tube 

D 

L 

Diameter  of  ball 

d 

L 

Velocity  of  motion 

V 

LT~l 

Density  of  ball 

Ps 

ML  -a 

Density  of  fluid 

p 

ML  “» 

Viscosity  of  fluid 

p 

FL-*T 

Acceleration  of  gravity 

Q 

FM-' 

The  dimensional  formula  of  viscosity  is 

obtained  directly 

from  its  definition  of  force 

per  unit  area 

per  unit  velocity 

gradient.  The  intensity  of  gravity  is  taken  with  the  dimen¬ 
sions  FM~l  because  the  equations  of  motion  in  this  case  will 
not  use  the  accelerating  aspect  of  gravitational  motion  but 
only  the  intensity  of  the  force  exerted  by  gravity  upon  unit 
mass.  Because  of  the  inclination  of  the  tube  at  the  angle 
e  to  the  horizontal,  the  effective  acceleration  of  gravity  is 
g  sine  d. 

There  are  seven  variables  and  four  kinds  of  units;  there¬ 
fore  three  dimensionless  products  or  groups  of  variables 
must  be  found.  Two  of  these  groups,  the  ratios  d/D  and 
p,/p,  may  be  written  immediately  by  inspection.  The  third 
dimensionless  product,  obtained  by  the  method  of  Bridg¬ 
man  ( 6 ),  includes  five  variables  in  the  form  V~l  /x_1  d2  p  g 
sine  0.  The  final  genera!  relation  is 

0  (F-1  /x  1  d2  P  g  sine  6)  0'(^)  =  0  (3) 


The  velocity  of  the  ball  rolling  down  an  inclined  tube  is 
given  by  the  equation 


d2  p  g  sine  6 
V  =  c  - - 0 


■(?)♦'(») 


(4) 


The  solution  of  the  entire  problem  is  obtained  if  the  un¬ 
known  functions  are  evaluated. 

The  resistance  to  the  motion  of  the  ball  is  developed  by 
the  fluid  in  being  accelerated  and  decelerated  in  passing 
through  the  constriction  between  the  ball  and  tube.  The 
average  fluid  velocity  through  this  space  is  related  to  the 
ball  velocity  by  the  equation 


u  d2 

V  ~  D2  -  d2 


(6) 


The  linear  dimension  commonly  employed  in  hydraulics 
for  noncircular  channels  is  the  equivalent  diameter,  equal 
to  four  times  the  hydraulic  radius,  which  is  defined  as  the 
cross-sectional  area  of  the  channel  divided  by  the  wetted 
perimeter.  In  this  system  the  equivalent  diameter  of  the 
crescent-shaped  space  is  theoretically 


h 


7 r  D2  -  d2 
4  4  X  (D  +  d) 


=  D  -  d 


(7) 


The  dimensional  analysis  can  be  simplified  by  combining 
the  factors  d,  p„  p,  and  6  into  a  force  term,  the  driving  force 
on  the  ball,  equal  to  the  resisting  force  of  the  fluid  since  the 
ball  rolls  with  unaccelerated  motion.  This  term  is  repre¬ 
sented  by  the  equation 

R  =  sine  6  (p.  —  p)  (8) 


The  coefficient  5/7  is  that  fraction  of  the  effective  force  of 
gravity  that  causes  translational  motion  of  the  rolling  sphere. 

In  the  dimensional  treatment  of  a  similar  problem,  Aw- 
berry  and  Griffiths  ( 1 )  included  Reynolds  number  as  one  of 
the  dimensionless  products.  In  a  second  application  of 
dimensional  analysis  to  the  present  system,  the  variables 
used  are: 


The  viscosity  of  the  fluid  is  expressed  as  a  function  of  all 
the  variables  by  the  relation 

.  d2  p  g  sine  6  , ,( p,\  x„(  d\  ,  ^ 

m=c - v - (5) 


Variable 

Symbol 

Dimension 

Driving  force 

R 

MLT~  2 

Equivalent  diameter 

h 

L 

Density  of  fluid 

p 

ML 

Viscosity  of  fluid 

M 

iUL-'T-' 

Velocity  of  fluid 

U 

LT-i 

Figure  1.  Experimental  Apparatus,  Rolling  Ball  in  Inclined  Tube 


There  are  now  five  variables  and  three 
kinds  of  fundamental  units;  therefore  two 
dimensionless  products  must  be  found.  If 
the  Reynolds  number,  (h  u  p)//i,  is  assumed 
to  be  one  dimensionless  product,  the  other 
is  shown  to  be  R/(h2  p  u2),  which  group  will 
now  be  called  the  resistance  factor.  A 
general  relation  having  only  one  unknown 
function  and  whose  terms  are  capable  of 
evaluation  by  experiment  is  written 


R  _  hup 
h2  p  u2  ^  n 


(9) 


Apparatus  and  Experimental 
Methods 

In  order  to  evaluate  the  functions  of 
Equations  5  and  9,  experimental  equipment 
designed  to  permit  variation  of  all  factors 
was  constructed. 

The  apparatus  consisted  of  a  precision-bore 
glass  tube  (procured  from  the  Fish-Schurman 
Corp.,  New  York,  N.  Y.,  and  also  available  from 
the  Fischer  and  Porter  Co.,  Hatboro,  Penna.) 
in  an  isothermal  water  bath  and  an  auto¬ 
matic  photoelectric  device  for  recording  the 
time  required  for  a  rolling  ball  to  traverse  a 
known  distance  in  the  tube.  A  photograph 
of  a  tube  in  its  bath  is  shown  in  Figure  1. 


214 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  3 


Table  I.  Summary  of  Experimental  Conditions  and  Results 


No.  of 

Range  of 

Critical 

Tube 

Ball 

Diameter 

Experimental 

Reynolds 

Reynolds 

Correlation  Factor,  K 

Tube 

Diameter 

Diameter 

Ratio 

Points 

No. 

No. 

Calculated 

Graphioal 

Cm. 

Cm. 

I 

0.5994 

0.5951 

0.9928 

38 

0.31-18.0 

6.22 

X 

10-7 

0.5937 

0.9905 

45 

0.43-32.6 

1.16 

X 

10-8 

0.5861 

0.9778 

37 

1.8-135 

2i.5 

7.13 

X 

10*8 

0.5785 

0.9650 

38 

5 . 1-236 

18.0 

2.00  X  10-5 

0.5709 

0.9523 

21 

35-330 

(15.5) 

4.00  X  10-5 

0.5556 

0.9269 

107 

8.2-511 

13.0 

1.06  X  lO-* 

0.5144 

0.8581 

37 

32-505 

(9.8) 

4.17  X  10-‘ 

II 

0.6485 

0.5951 

0.9177 

33 

20-270 

(12.0) 

1.54  X  10-‘ 

0.5785 

0.8921 

33 

30-344 

(11.0) 

2.78  X  10-8 

0.5556 

0.8568 

99 

15-448 

(10.0) 

4.60  X  10-8 

III 

0.8014 

0.7950 

0.9921 

23 

0.97-13.1 

6.84 

X 

10-7 

0.7938 

0.9905 

61 

1 . 03-65 

1.02 

X 

10-8 

0.7525 

0.9390 

62 

0.036-705 

13.0 

7.36 

X 

10-5 

0.7144 

0.8914 

237 

0.0046-806 

10.6 

2.62 

X 

10  —8 

IV 

0.9997 

0.9906 

0.9909 

51 

1.5-122 

35.0 

1.13 

X 

10-8 

0.9830 

0.9832 

20 

18-263 

24.0 

3.94  X  10-8 

0.9754 

0.9756 

40 

12-406 

20.0 

7.15  X  10-9 

0.9677 

0.9680 

21 

63-537 

(18.5) 

1.59  X  10-5 

0.9525 

0.9527 

109 

13-916 

17.5 

4.65  X  10-5 

0.9112 

0.9115 

31 

60-936 

(11.5) 

1.67  X  10-* 

0.8731 

0.8734 

44 

38-383 

(10.0) 

3.45  X  10-‘ 

Values  in  parentheses  obtained  by  extrapolation. 


rolling  velocity  from  0.5  to  1 
per  cent  was  obtained  on  meas¬ 
urements  made  under  similar 
conditions  at  different  times. 

Experimental  Results 

The  conditions  used  in  the 
experimental  work  more  than 
covered  the  useful  range  for 
viscosity  measurement.  The 
streamline  region  of  fluid 
flow,  which  is  the  region 
having  characteristics  suit¬ 
able  for  viscosity  measure¬ 
ment,  was  covered  over  its 
most  useful  range.  The 
turbulent  region  of  flow, 
often  used  but  not  as 
advantageous  for  viscosity 
measurement,  was  also 
covered. 


Light  from  two  lamps  was  focused  onto  the  upper  surface  near 
the  ends  of  the  glass  tube.  Light  passing  through  the  tube  was 
conducted  through  quartz  tubes  to  two  gas-filled  photoelectric 
cells.  These  cells  were  part  of  circuits  which,  through  sensitive 
relays,  controlled  an  electric  chronoscope.  When  the  light  to  the 
first  photocell  was  interrupted  by  a  ball  rolling  down  the  inclined 
tube,  time  measurement  by  the  chronoscope  was  started.  Simi¬ 
larly,  the  ball  stopped  the  time  measurement  in  passing  through 
the  second  light  beam. 

The  inclination  of  the  tube  and  the  distance  traversed  by  the 
balls  were  measured  with  a  cathetometer.  The  roll  distance 
between  the  light  beams  was  measured  as  the  distance  between 
the  positions  of  stationary  balls  placed  in  each  light  beam  at  the 
point  at  which  they  just  caused  the  relays  to  operate  the  chrono¬ 
scope.  The  inclination  of  the  tube  was  varied  from  4°  to  25° 
from  the  horizontal.  The  distance  between  the  light  beams  was 
about  17  cm. 

The  glass  tube  was  carefully  cleaned  before  use.  Water  main¬ 
tained  at  a  constant  temperature  was  circulated  through  the 
jacket  by  a  pump.  After  the  water  jacket  attained  the  desired 
temperature,  the  tube  and  reservoir  at  its  lower  end  were  filled 
with  the  liquid  used.  At  each  inclination  about  ten  balls  of  each 
size  and  material  were  introduced  into  the  open  end  and  succes¬ 
sively  rolled  down  the  tube.  The  balls  were  removed  from  the 
receiver  at  the  lower  end  of  the  tube,  the  tube  was  refilled,  and 
the  procedure  was  repeated  at  another  inclination.  The  roll 
velocity  was  calculated  from  the  known  distance  and  the  average 
of  the  values  of  roll  time. 

Four  Jena  KPG  glass  tubes  were  used  in  this  work.  Their 
inside  diameters  were  measured  with  plug  gages.  Seventeen 
different  ball  sizes  were  used.  Steel  balls  are  manufactured  to  a 
high  degree  of  precision  and  were  assumed  to  be  their  nominal 
diameter.  Close  fitting  aluminum  balls  were  specially  measured 
by  the  manufacturer  (Hoover  Ball  and  Bearing  Co.,  Ann  Arbor, 
Mich.).  Table  I  gives  the  diameter  of  the  tubes  and  balls  used. 

Sixteen  fluids  were  used.  Except  for  air,  water,  ethyl  alcohol, 
and  solutions  of  ethanol  and  sucrose,  which  are  accepted  as 
standards  for  viscometer  calibration,  the  viscosity  of  the  fluids 
was  measured  in  Bingham  (3)  or  Ostwald  capillary  tube  vis¬ 
cometers.  The  density  of  all  fluids  was  measured  experimentally. 
The  viscosity  of  the  fluids  varied  from  about  0.23  to  144  centi- 
poises,  the  density  from  0.62  to  1.61  grams  per  ec.  The  measure¬ 
ments  were  made  to  an  estimated  precision  as  follows: 


Tube  diameter 
Ball  diameter 
Ball  density 
Fluid  density 
Roll  distance 
Roll  time 

Inclination  of  tube 


0 . 08  per  cent 
0.01  to  0.05  per  cent 
0.03  per  cent 
0.02  per  cent 
0 . 1  per  cent 
0.2  per  cent 
0 . 05  to  0 . 1  per  cent 


The  major  source  of  error  was  the  change  in  viscosity  of  the 
fluid  with  slight  changes  in  temperature,  caused  by  contact  of 
the  fluid  with  the  rolling  balls.  Most  of  the  work  was  conducted 
at  room  temperature.  At  other  temperatures  the  balls  were 
brought  to  operating  temperature  in  a  separate  container  jacketed 
with  the  circulating  water.  An  over-all  precision  in  calculated 


'  The  turbulent  region  was 

characterized  by  a  deviation 
from  the  relations  existing  in  the  streamline  region  of  flow. 
The  deviation  is  probably  due  to  the  inertia  of  the  fluid,  to 
the  formation  of  eddy  currents  in  the  flowing  fluid,  or  to  a 
combination  of  these  causes.  Block  ( 5 )  has  expressed  the 
opinion  that  inertia  and  not  turbulence  accounts  for  the 
deviation.  No  attempt  was  made  in  this  work  to  determine 
the  causes  and  only  an  empirical  correlation  was  obtained. 


REYNOLDS  NUMBER  -  Re  = 


Figure  2.  Typical  Correlation  for  System  Rolling  Ball 
in  Inclined  Tube 
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Figure  3.  Critical  Reynolds  Number  for  Rolling  Ball 

Viscometer 


The  observed  motion  of  the  ball  was  fundamentally  a  steady 
rolling  motion  at  constant  velocity.  Block  (4)  observed  and 
measured  the  extent  of  sliding  motion  in  combination  with 
rolling  in  more  viscous  fluids  at  angles  above  13°.  Sliding 
was  observed  in  this  work  with  viscous  oils  at  higher  inclina¬ 
tions.  With  the  least  viscous  fluids  sliding  was  not  apparent. 
The  critical  velocity  at  which  the  fluid  flow  changed  from 
streamline  to  turbulent  could  not  be  determined  by  direct 
observation  of  the  rolling  balls.  To  a  large  extent  the  motion 
of  the  ball  in  both  the  streamline  and  turbulent  regions  was 
uniform  and  the  data  were  reproducible.  The  limit  of  use¬ 
fulness  of  the  viscometer  was  reached  before  the  motion  of 

I  the  ball  became  visibly  irregular. 

The  experimental  data  were  grouped  according  to  ball  and 
tube  size  or  ratio  of  diameter  of  ball  to  diameter  of  tube, 

Id/D.  For  each  combination  the  values  of  Reynolds  number 
and  the  resistance  factor  were  calculated  and  plotted  on 
logarithmic  coordinate  paper.  The  twenty-one  plots  ob¬ 
tained  were  similar  in  every  respect  to  the  fluid  friction  plot 
for  flow  through  pipe.  Two  representative  curves  are  shown 
in  Figure  2. 

In  the  region  of  streamline  flow  the  experimental  data  fell 
on  a  straight  line  of  slope  —1  (upper  curve  of  Figure  2).  The 
turbulent  region  was  represented  by  a  smooth  concave  curve 
as  shown  by  the  lower  curve.  Within  the  limits  of  the 
experimental  data  all  curves  had  the  same  shape.  Re¬ 
gardless  of  the  values  of  ball  and  tube  diameter,  the  location 
of  the  curve  on  the  coordinate  system  was  dependent  only 
on  the  ratio  d/D. 

For  streamline  flow  the  equation  of  the  straight  line 
through  the  plotted  data  was  expressed  as 

l  lQS^=  -^g^  +  logl  (10) 


h2Pu2  Khup  ui; 

After  substituting  the  values  of  the  equivalent  diameter, 
h,  and  the  driving  force,  R,  given  by  Equations  7  and  8, 
respectively,  Equation  11  was  written 


cnr  „  S'  p  g  sine  8  ps 
42k — « - ; 


D 


(12) 


By  expressing  the  fluid  velocity  in  terms  of  the  ball  velocity, 
V,  the  above  relation  became 


5 t  „  d2  p  g  sine  8  p,  —  p  D  +  d 

M  =  42*' — v - ; - d~ 


(13) 


Equation  13  is  dimensionally  correct  and  similar  to  Equa¬ 
tion  5.  The  correlation  factor,  K,  must  be  included  with  the 
term  ( D  4-  d)/d  as  a  part  of  the  function  <£",  since  it  is  shown 
to  be  a  function  of  the  ratio  d/D. 

When  D,  d,  6,  and  K  are  constant,  Equation  13  reduces  to 


r  Ps 


V 


(14) 
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which  became  Equation  11. 


Figure  4.  Correlation  for  Rolling  Ball  Viscometer 
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Table  II.  Calculations  feom  Data  of  Hoeppler  {10) 


Diameter 

Ball 

Driving 

Roll 

Fluid 

Resistance 

Reynolds 

Correlation 

/Radius  of  Tube\ 

i  Ratio, 

Diameter, 

Force, 

Reciprocal 

Velocity, 

Velocity, 

Factor, 

Number, 

Factor, 

Fluid  \ Radius  of  Ball/ 

d/D 

d 

R 

Velocity 

V 

u 

/ 

Re 

K 

Cm. 

Cm. 

Gm.  cm. /sec.2 

Sec./ cm. 

Cm./ sec. 

Cm./ sec. 

Air°  1.002 

0.9990 

1 . 5984 

11.46  X  103 

0.2 

100.2 

3.84  X  10» 

1.07 

2.4 

X  10 

Castor  oil  *»  1.016 

0.9921 

1 . 5874 

9.844  X  10= 

1810 

0.000552 

0.0345 

5.39  X  10“ 

4.54  X  10-8 

4.1 

X  10 

1.06 

0.9713 

1.5541 

9.235 

54.7 

0.01828 

0.305 

4.90  X  10’ 

1.46  X  10-3 

1.4 

X  10-8 

1.10 

0.9535 

1.5256 

8.736 

20.01 

0.0500 

0.500 

6.60  X  10® 

3.87  X  10-3 

3.9 

X  10-8 

1 .  14 

0.9366 

1.4986 

8.280 

9.92 

0.1008 

0.720 

1.62  X  10« 

7.50  X  10-3 

8.3 

X  10-3 

1.22 

0 . 9054 

1 . 4486 

7.479 

3.77 

0.2653 

1.205 

2.34  X  103 

1.90  X  10-3 

2.3 

X  10 -* 

1.31 

0.8737 

1.3979 

6.722 

1.96 

0.5102 

1.644 

6.34  X  10’ 

3.46  X  10-2 

4.6 

X  10-3 

a  Tube:  diameter  =  1.600  cm. 

assumed;  inclination  = 

80°;  sine  9  =  0.9848.  Ball: 

steel;  ps  = 

7.77.  Fluid 

:  air  at  20.0° 

C.;  m  =  1.81 

X  10' 

'4;  p  = 

0.0012;  ps  -  p  =  7.769. 

b  Tube:  diameter  =  1.600  cm.  assumed;  inclination  =  80°;  sine  6  =  0.9848.  Ball:  steel;  ps  =  7.775.  Fluid:  castor  oil  at  20.0°  C. ;  p  =9.204;  p  = 
0.960  (assumed);  ps  —  p  =  6.815. 


which  is  equivalent  to  Equation  2,  most  generally  used  to 
calculate  viscosity  from  experimentally  determined  values 
of  roll  time  or  velocity. 

Values  of  K  were  calculated  from  the  experimental  data 
by  the  method  of  least  squares  for  8  out  of  the  21  cases.  For 
the  remaining  cases  K  was  determined  by  inspection  of  the 
data.  Since  all  the  curves  had  the  same  shape,  they  could 
be  superimposed  by  transposition.  An  aid  to  this  process 
was  a  template  made  in  the  form  of  an  average  curve  in  the 
turbulent  region  and  placed  in  proper  relation  to  the  straight 
line  in  the  streamline  region  with  a  definite  critical  Reynolds 
number  indicated  at  the  intersection  of  the  line  and  the  curve. 
This  template  was  superimposed  on  each  of  the  plots  and 
fitted  to  the  experimental  data  in  the  most  favorable  manner. 
Values  of  the  critical  Reynolds  number,  Rec,  and  the  corre¬ 
sponding  critical  resistance  factor,  fc,  were  read  from  the  plot. 
The  curve  drawn  through  the  data  of  the  lower  curve  in 
Figure  2  shows  the  position  of  the  template  on  this  plot. 

Values  of  the  correlation  factor,  K,  and  the  critical  Reyn¬ 
olds  number,  Rec,  are  given  in  Table  I  for  each  ball  and  tube 
combination.  Most  weight  must  be  given  to  the  calculated 
values  of  K,  but  many  of  the  graphical  values  are  based 
on  enough  points  in  the  streamline  region  to  assume  almost 
equal  weight.  Figure  3  shows  the  critical  Reynolds  number 
and  Figure  4  the  correlation  factor  plotted  as  functions  of  the 
diameter  ratio. 

The  value  of  constant  C  of  Equation  14  can  be  calculated 
from  the  dimensions  of  the  apparatus  and  the  corresponding 
value  of  K  from  Figure  4  by  the  relation 

C  =  g  K  g  sine  6  d(D  +  d )  (15) 

For  experimental  determination  of  viscosity,  however, 
it  is  recommended  that  the  value  of  C  be  determined  by  ex¬ 
periment  with  fluids  of  known  viscosity  and  density. 

Equation  14  is  the  valid  calibration  for  the  rolling  ball  vis¬ 
cometer  only  in  the  streamline  region  of  fluid  flow.  This 
region  is  defined  as  having  a  Reynolds  number,  ( h  u  p)/p, 
smaller  than  the  critical  value  given  in  Figure  3.  In  practice 
the  condition  of  flow  is  checked  by  showing  that  the  resistance 
factor  is  greater  than  the  corresponding  critical  resistance 
factor.  The  opposite  limit  of  the  streamline  region  was 
estimated  to  have  a  resistance  factor  of  about  ten  million. 

For  any  resistance  factor  smaller  than  the  value  corre¬ 
sponding  to  the  critical  Reynolds  number,  there  are  values 
of  Reynolds  number  ( h  u  p)/p  and  {h  u  p)/p 0,  which  re¬ 
spectively  represent  the  abscissas  of  the  curve  and  the 
straight  line  of  Equation  10  extended  beyond  the  critical 
Reynolds  number.  A  ratio  of  these  values  is  equal  to  p/pa, 
which  is  the  ratio  of  the  true  viscosity  to  that  calculated  from 
the  calibration  of  the  instrument  in  the  streamline  region. 
For  each  experimental  point  known  to  lie  in  the  turbulent 
region,  this  ratio  and  the  ratio  of  the  resistance  factor  to  the 


critical  resistance  factor  were  calculated.  The  plotted  points 
with  a  curve  drawn  through  them  are  shown  in  Figure  5. 
The  scattering  of  the  points  is  not  unusual  in  this  transition 
zone  between  the  regions  of  streamline  and  turbulent  flow. 

The  curve  of  Figure  5  is  drawn  through  points  obtained 
for  relatively  close  fitting  balls  and  is  a  general  correlation 
from  which  viscosity  may  be  calculated  from  data  taken  with 
the  rolling  ball  viscometer  in  the  turbulent  region  of  flow. 
The  diameter  ratio  will  be  known.  The  viscometer  will  have 
been  calibrated  in  the  streamline  region  with  known  fluids, 
or  the  value  of  the  correlation  factor  may  be  read  from  Figure 
4.  The  value  of  the  critical  Reynolds  number  may  be  read 
from  Figure  3.  The  corresponding  critical  resistance  factor 
is  then  calculated  by  substituting  these  values  in  Equation  11. 
Corresponding  values  of  the  resistance  factor,  /,  and  the 
Reynolds  number,  Re,  may  be  calculated  from  the  experi¬ 
mental  roll  velocity  and  the  known  driving  force  by  means  of 
Equation  11.  If  the  resistance  factor,  /,  is  smaller  than  the 
critical  resistance  factor,  /„,  the  data  were  taken  in  the  tur¬ 
bulent  region  of  flow.  Nevertheless  the  viscosity,  Mo,  is 
calculated  from  Equation  14.  Corresponding  to  the  ratio  of 
the  resistance  factors  f/fc,  the  ratio  of  the  true  viscosity  to 
the  viscosity  just  calculated  is  read  from  Figure  5. 

The  experimental  work  done  in  the  turbulent  region  was 
very  extensive  and  reached  the  point  at  which  the  rolling 
motion  of  the  ball  ceased  to  be  uniform.  The  absolute  limit 
of  applicability  of  the  instrument  as  a  viscometer  is  a  Reyn¬ 
olds  number  of  about  800.  Since  the  instrument  loses  its 
sensitivity  in  the  turbulent  region,  its  use  is  not  recommended 
when  ratio  f/fc  is  less  than  0.25. 


f/fc 


Figure  5.  Correction  for  Rolling  Ball  Viscometer  in 
Region  of  Turbulent  Flow 
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Effect  of  Temperature  Changes 

The  effect  of  temperature  changes  on  the  rolling  ball 
viscometer  is  appreciable  when  high  temperatures  are  em¬ 
ployed  or  when  materials  with  high  coefficients  of  thermal 
expansion  are  used.  The  effect  is  greater  if  the  ball  and  tube 
are  of  different  material  and  when  the  ratio  of  diameters 
approaches  unity. 
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DIAMETER  RATIO  -  d/D 

Figure  6.  Rate  of  Change  of  Correlation  Factor 
with  Diameter  Ratio 


When  the  rolling  ball  viscometer  is  used  at  a  temperature 
other  than  that  at  which  it  was  calibrated,  the  density  of  the 
fluid  at  the  temperature  used  must  be  known.  The  value 
of  factor  C  of  Equation  14  will  change  as  the  operating  tem¬ 
perature  is  changed,  and  the  direction  and  magnitude  of  the 
change  may  be  calculated  from  a  knowledge  of  the  average 
linear  coefficients  of  expansion  of  the  tube  and  ball  materials. 
The  general  calibrating  equation  is  written  in  the  form 

a  =  ^  g  sine  e  —y  p  K  d(D  +  d )  (16) 

Temperature  changes  have  an  effect  only  on  the  terms 
ps,  K,  and  d(D  +  d ).  The  coefficient  of  the  calibrating 
equation  must  be  estimated  at  each  temperature  and  is 
the  product  of  the  numerical  factor  and  the  variable  terms  of 
the  above  equation. 

Effect  on  Tube.  The  increase  in  length  and  diameter 
of  the  tube  is  calculated  from  the  dimensions  and  average 
linear  coefficient  of  expansion  of  the  tube  material.  The 
rolling  velocity  is  obviously  the  calculated  length  of  tube 
divided  by  the  observed  roll  time. 

Effect  on  Ball.  An  increase  in  temperature  increases 
the  diameter  and  decreases  the  density  of  the  ball.  The 
change  in  ball  density  is  given  by  the  relation 

.  _  Sab  A t 

Aps  1  Q  */  Ps0  (17) 

1  +  3«6  A t  ' 

The  term  (ps  -  p )  in  Equation  16  is  mainly  affected  by  the 
change  in  fluid  density. 

Effect  on  Diameter  Ratio.  If  the  ball  and  tube  are 
made  of  the  same  material  there  is  no  change  in  the  ratio 
of  diameters  and  no  change  in  the  value  of  the  correlation 
factor,  K,  when  the  temperature  is  increased.  A  change 
in  the  ratio  of  diameters  causes  a  change  in  the  value  of  the 
correlation  factor  which  depends  on  the  value  of  d/D  and 
the  rate  of  change  of  K  with  d/D.  This  rate  is  shown  graphi¬ 
cally  in  Figure  6.  The  change  in  the  diameter  ratio  with 
temperature  is  estimated  from  the  individual  coefficients  of 
expansion  and  the  relation  shown  in  Equation  18. 
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ad  =  i+«7aTW.  (18) 

The  rate  of  change  of  K  from  Figure  6  is  then  multiplied 
by  the  change  in  d/D  from  the  equation  above  to  obtain 
the  estimated  change  in  the  correlation  factor. 

Effect  on  Diameter  Product.  The  linear  dimensions 
of  the  apparatus  combine  in  the  term  d(D  +  d)  to  affect  the 
calibration  when  the  temperature  is  changed.  A  general 
expression  for  the  change  in  this  term  is 

A [d(D  +  d)]  =  [(D0  +  2 d„)  ab  +  Do  at]  d0  At  (19) 

If  the  ball  and  tube  are  made  of  the  same  material  the  co¬ 
efficient  of  the  calibrating  equation  still  changes  because  of 
the  change  in  the  value  of  this  diameter  product. 

Comparison  with  Data  in  the  Literature 

Apparently  the  work  of  Hoeppler  (10)  was  done  on  appara¬ 
tus  almost  identical  with  the  instrument  now  marketed 
under  his  name.  Although  he  failed  to  give  the  diameter  of 
tube  and  balls,  other  details,  including  the  ratio  of  the  radius 
of  the  tube  to  radius  of  ball,  were  given.  In  describing  the 
commercial  instrument  Knop  (12)  gave  the  diameter  as 
1.5985  cm.  and  Schrader  (15)  gave  1.5987  cm.  Using  the 
data  of  Hoeppler  on  air  and  castor  oil,  the  values  of  the 
resistance  factor  and  Reynolds  number  were  calculated  for 
seven  ball  sizes.  The  correlation  factor,  K,  was  calculated 
from  the  single  values  for  each  condition.  The  detailed 
calculations  are  given  in  Table  II  and  the  calculated  values 
of  K  are  plotted  on  Figure  4. 

Four  out  of  six  values  of  K  calculated  from  these  data 
check  the  present  work,  and  the  remaining  two  values  are 
within  about  40  per  cent  of  the  corresponding  values  read  from 
the  curve.  Hoeppler’s  instrument  was  almost  twice  as  large 
in  diameter  and  inclined  at  an  angle  of  80°  from  the  horizon¬ 
tal.  Since  sliding  motion  of  the  balls  was  probably  more 
pronounced  with  this  instrument,  the  agreement  of  these 
data  with  the  present  work  is  unexpectedly  good.  The 
values  of  Reynolds  number  limiting  the  streamline  region 
cannot  be  applied  to  this  instrument. 

Benning  and  Markwood  (2)  used  a  modified  Hoeppler 
instrument  to  measure  the  viscosity  of  gases  and  liquids. 
They  derived  a  calibration  equation  for  the  ball  and  tube 
combination  used  on  gases  from  an  interpolated  value  of 
roll  time  in  air  at  20°  C.  Measurements  in  air  were  made  at 
temperatures  from  1.4°  to  79.5°  C.,  and  the  viscosity  was 
calculated  from  the  experimental  values.  The  calculated 
viscosity  did  not  check  the  critical  values  (11)  for  air  and  the 
deviation  from  the  critical  values  was  greater  than  the  normal 
dispersion  of  data  for  air.  Using  the  original  data  and  the 
viscosity  of  air  from  International  Critical  Tables,  the  correla¬ 
tion  factor,  K,  was  calculated  at  seven  temperatures.  There 
was  a  definite  trend  of  the  values  with  changing  temperature. 

Apparently  the  ball  used  in  this  work  was  of  glass.  If  it  is 
assumed  that  the  ball  and  tube  material  were  the  same,  the 
diameter  ratio  and  correlation  factor  would  not  change  with 
temperature.  The  increase  in  diameter  product  in  the  tem¬ 
perature  range  used  was  small  and  did  not  account  for  the 
change  indicated.  It  is  concluded  that  the  ball  and  tube 
were  not  made  of  material  having  the  same  coefficient  of 
thermal  expansion. 

The  ball  and  tube  combination  used  on  liquids  and  vapors 
was  calibrated  with  water  and  two  other  known  liquids  at 
temperatures  from  0°  to  60°  C.  A  definite  trend  in  the 
calculated  correlation  factor  was  not  evident,  but  in  this 
case  the  diameter  ratio  was  smaller  and  the  apparatus  was 
not  so  sensitive  to  temperature  changes.  The  calculated 


values  agree  well  with  themselves  but  are  40  per  cent  smaller 
than  the  values  found  in  the  present  work.  The  detailed 
calculations  on  the  data  of  Benning  and  Markwood  are  given 
in  Table  III  and  the  values  of  the  correlation  factor  calculated 
from  their  data  are  plotted  in  Figure  4. 

Sp6e  (16)  described  experimental  measurements  of  the  fluid 
velocity  required  to  suspend  spheres  in  inclined  tapered 
glass  tubes.  The  full  effective  force  of  gravity  was  used  in 
maintaining  the  position  of  the  ball  against  the  flowing  fluid. 
In  four  cases  of  streamline  flow  values  of  the  resistance  factor, 
Reynolds  number,  and  correlation  factor  were  calculated. 
The  detailed  calculations  are  given  in  Table  III.  The  points 
plotted  on  Figure  4  agree  with  the  present  work  in  two  out 
of  four  cases,  but  the  other  values  are  of  the  right  order  of 
magnitude. 

Summary 

By  the  use  of  dimensional  analysis,  the  variables  involved 
in  the  calibration  of  the  rolling  ball  viscometer  have  been 
combined  in  the  Reynolds  number  containing  the  variable 
viscosity  and  a  resistance  factor  proportional  to  the  driving 
force  on  the  ball.  A  general  equation  showing  the  relation 
between  all  variables  was  obtained  from  a  correlation  of  these 
factors. 

The  usual  calibration  of  the  instrument  in  the  streamline 
region  of  fluid  flow  was  readily  obtained  from  the  general 
equation.  The  coefficient  of  this  viscometer  calibration  can 
now  be  predicted  from  the  dimensions  of  the  instrument. 

When  data  are  taken  with  the  rolling  ball  viscometer  in  the 
turbulent  region  of  flow,  the  true  viscosity  can  be  estimated 
by  applying  an  empirical  correction  to  the  viscosity  cal¬ 
culated  from  the  calibration  valid  only  for  the  streamline 
region  of  flow. 

A  study  of  the  effect  of  a  change  in  operating  temperature 
on  the  calibration  has  been  made  for  the  first  time.  The 
effect  of  temperature  is  appreciable  when  the  coefficients  of 
expansion  are  different,  when  temperature  changes  are 
large,  and  when  close-fitting  balls  are  used. 

Because  of  the  greater  sensitivity  to  viscosity  in  the 
streamline  region  of  fluid  flow,  best  results  as  a  viscometer 
are  obtained  when  the  instrument  is  used  in  this  region.  The 
relations  presented  have  practical  value  in  allowing  the  vis¬ 
cometer  to  be  designed  for  a  specific  purpose  or  in  allowing 
its  range  in  the  more  applicable  streamline  region  to  be 
determined.  A  study  of  the  variables  involved  will  indicate 
the  best  design  which  should  result  in  experimental  measure¬ 
ments  of  greater  reliability. 
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An  Electrically  Heated  Melting  Point  Apparatus 
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AN  ELECTRICALLY  heated  melting  point  apparatus 
il  with  which  it  is  possible  to  determine  the  melting 
point  of  substances  in  strict  accordance  with  the  heating 
rates  prescribed  by  the  United  States  Pharmacopoeia  ( 1 )  is 
described.  The  relative  simplicity  and  ease  of  operation 
make  the  apparatus  very  satisfactory  for  routine  laboratory 
testing  where  a  high  degree  of  reliability  is  essential. 


The  volume  of  the  bath  used,  450  ml.,  while  appreciably 
larger  than  those  ordinarily  employed  for  melting  point 
determinations,  is  of  the  minimum  size  consistent  with  close 
temperature  control.  Most  textbooks  do  not  sufficiently 
emphasize  the  necessity  for  decreasing  the  rate  of  rise  in 
temperature  to  0.5°  C.  per  minute  at  a  point  3°  or  4°  below 
the  supposed  melting  point  of  the  material  being  tested.  The 
authors  feel  that  this  is  a  serious  oversight,  for,  unless  this  is 
done,  high  results  are  almost  always  obtained. 

Because  of  the  nature  of  the  bath  used,  the  apparatus 
should  not  be  heated  above  280°  C.  If  it  is  to  be  used  at 
higher  temperatures,  an  adequate  quantity  of  potassium 
sulfate  or  other  suitable  salt  should  first  be  dissolved  in  the 
sulfuric  acid. 


Apparatus 

A  thin-walled,  three-necked  (16,  19,  and  16  mm.  in  inside 
diameter)  Woulff  bottle  (Figure  1),  approximately  75  mm.  in 
diameter  and  130  mm.  high  (to  shoulder),  is  wound  with  seven 
turns  of  Nichrome  ribbon  having  a  resistance  of  1.656  ohms  per 
foot  (1.5  X  0.125  mm.),  the  first  and  last  turns  being  anchored 
by  means  of  two  metal  bands,  0.6  mm.  thick  and  6  mm.  wide, 
passing  entirely  around  the  bottle.  To  prevent  the  short- 
circuiting  of  a  portion  of  the  ribbon,  a  thin  sheet  of  asbestos  is 
interposed  between  the  metal  surfaces  wherever  the  wire  passes 
beneath  the  metal  bands.  (The  bottle  is  specially  blown  by 
The  Emil  Greiner  Co.,  New  York,  N.  Y.  The  lower  part  con¬ 
sists  of  a  500-cc.  tail-form  Pyrex  beaker.  The  upper  part  is 
made  by  cutting  down  a  second  beaker,  to  the  bottom  of  which 
are  attached  the  three  necks.  The  two  parts  are  then  fused  to¬ 
gether.) 

The  bottle,  thus  wound,  is  set  into  a  Pyrex  battery  jar  (stand¬ 
ard  Pyrex  battery  jar,  116  X  225  mm.  cut  down  to  size)  ap¬ 
proximately  116  X  140  mm.,  and  is  held  in  place  by  a  layer  of 
asbestos  fiber  20  mm.  thick  having  a  central  depression  about 
10  mm.  deep  in  which  the  bottle  rests.  This  asbestos  layer  may 
be  prepared  by  moistening  long  asbestos  fiber  with  water,  mold¬ 
ing  into  shape,  and  then  drying  slowly  at  a  moderate  tempera¬ 
ture. 

The  position  of  the  bottle  is  so  adjusted  that  the  three  necks 
lie  in  a  direct  line  with  the  observer.  An  Anschutz  thermome¬ 
ter  of  appropriate  range  is  placed  in  the  opening  nearest  the 
observer  and  held  by  means  of  a  molded  asbestos  stopper.  The 
hole  in  the  stopper  is  cut  slightly  elliptical,  so  that  both  the 
thermometer  and  melting  point  capillary  may  be  passed  through 
it.  A  short  section  of  rubber  tubing  serves  to  hold  the  capillary 
in  place  as  well  as  to  prevent  the  thermometer  from  falling  into 
the  bottle. 

In  order  to  assure  atmospheric  pressure  in  the  bottle  and  at 
the  same  time  prevent  the  escape  of  sulfur  trioxide  fumes  due  to 
the  gradual  decomposition  of  sulfuric  acid  at  the  higher  tempera¬ 
tures,  a  “breather”  consisting  of  a  loose  roll  of  thin  asbestos 
sheeting  is  set  in  the  opening  farthest  from  the  observer.  A 


Figure  2.  Melting  Point  Apparatus 
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small  motor-driven  stirrer,  fitted  with  a  mercury  seal,  completes 
the  setup. 

The  electrical  input  to  the  heating  coil  is  controlled  by  means 
of  a  variable-voltage  transformer — similar  to  the  “Voltrol”, 
Type  T  1404 — having  a  capacity  of  at  least  6  amperes  at  110 
volts.  The  current  is  measured  by  an  ammeter  having  a  range 
of  0  to  6  amperes  in  0.2-ampere  divisions. 

After  using,  the  apparatus  may  be  cooled  quickly  by  blowing 
a  current  of  air  through  the  space  between  the  bottle  and  the  jar. 
Figure  2  shows  the  arrangement  used  by  the  authors,  the  air 
being  distributed  by  means  of  a  perforated  brass  ring  made  of 
6.25-mm.  tubing,  set  on  the  asbestos  layer. 

Calibration 

No  claim  is  made  for  the  originality  of  this  method.  Credit, 
however,  is  given  to  Leo  A.  Flexser  as  the  first  to  employ  the 
method  in  this  laboratory. 

Having  assembled  the  apparatus  as  indicated  above,  450  ml. 
of  sulfuric  acid  (specific  gravity  1.84)  are  introduced  and  the  speed 
of  the  stirrer  is  adjusted  to  a  rate  sufficiently  high  to  assure 
effective  distribution  of  heat.  A  current  is  then  made  to  flow 
through  the  heating  coil  by  closing  the  circuit,  and  is  then  ad¬ 
justed  to  a  definite  value  by  applying  the  necessary  potential 
across  the  unit  by  means  of  a  variable  voltage  transformer.  The 
temperature  of  the  acid  is  noted  periodically  by  means  of  a  ther¬ 
mometer  having  a  range  from  0°  to  300°  C.  In  this  work  the 
authors  found  it  best  to  make  runs  between  1.5  and  6  amperes  in 
0.5-ampere  steps. 

The  temperatures  so  recorded  are  plotted  as  shown  in  Figure  3, 
and  the  point  at  which  the  slope  of  each  curve  is  0.5  and  3  (cor¬ 
responding  to  a  temperature  rise  of  0.5°  and  3°  C.  per  minute) 
is  approximated  graphically.  This  may  easily  be  done  by  cut¬ 
ting  two  small  right  triangles,  from  a  file  card  or  other  similar 
paper,  having  side  ratios  of  0.5  and  3.  To  determine  the  tempera¬ 
ture  at  which  a  given  amperage  will  give  the  desired  heating 
rate,  the  base  of  the  triangle  is  set  horizontally  and  the  triangle 


is  moved  along  the  curve  under  consideration  until  a  reasonably 
good  fit  is  found.  The  temperature  fine  intersecting  the  mid¬ 
point  of  the  hypotenuse  of  the  triangle  is  the  value  sought.  This 
procedure  is  repeated,  with  both  triangles,  on  all  curves.  The 
temperatures  so  noted  are  then  plotted  against  the  corresponding 
amperage  as  shown  in  Figure  4. 

The  amperage  required  to  give  a  temperature  rise  of  0.5° 
and  3°  C.  per  minute  at  various  temperatures  is  then  read  from 
the  respective  curves  (Figure  4)  and  the  results  are  tabulated  as 
shown  in  Table  I. 


Table  I.  Amperes 

Required  to  Give 

Indicated  Heating 

Rate 

at  Various  Temperatures 

Heating  Rate 

Temperature 

3°  C.  per  minute 

0.5°  C.  per  minute 

°  c. 

Amperes 

Amperes 

50 

2.8 

1.4 

60 

2.9 

1.5 

70 

3.0 

1.6 

80 

3.1 

1.7 

90 

3.2 

1.8 

100 

3.3 

2.0 

110 

3.4 

2.1 

120 

3 . 5 

2.2 

130 

3.6 

2.3 

140 

3.7 

2.4 

150 

3.8 

2.6 

160 

3.9 

2.7 

170 

4.0 

2.8 

180 

4.1 

2.9 

190 

4.2 

3.1 

200 

4.3 

3.2 

210 

4.4 

3.3 

220 

4.4 

3.4 

230 

4.5 

3.5 

240 

4.6 

3.7 

250 

4.7 

3.8 

260 

4.8 

3.9 

Figure  3.  Time-Temperature  Curves 
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Operation 

After  calibration,  the  apparatus  is  ready  for  use.  The  speed 
of  the  stirrer  is  adjusted  to  such  a  value  that  thorough  mixing  of 
the  bath  is  assured  without  undue  agitation.  The  capillary 
tube  containing  the  material,  the  melting  point  of  which  is  to  be 
determined,  is  attached  at  its  uppermost  end  to  an  Anschutz 
thermometer  of  appropriate  range.  The  thermometer  and 
capillary  are  then  inserted  in  the  asbestos  stopper  previously 
described,  and  put  into  the  bath  in  such  a  position  that  both 
the  material  being  tested  and  the  thermometer  graduations 
within  the  suspected  melting  point  range  are  clearly  visible. 

The  initial  current  to  be  used  will  depend  upon  the  melting 


point  of  the  substance,  as  much  as  6  amperes  being  used  for  the 
higher  temperatures.  The  temperature  of  the  bath  is  raised 
rapidly  to  a  point  approximately  30°  C.  below  the  supposed 
melting  point  of  the  material.  At  this  point  the  amperage  is 
reduced  to  the  value  required  for  a  temperature  rise  of  3°  per 
minute.  This  heating  rate  is  continued  until  the  substance 
softens.  The  amperage  is  then  further  reduced  to  the  value 
required  for  a  temperature  rise  of  0.5  0  per  minute,  which  rate  is 
maintained  until  the  substance  melts. 

Literature  Cited 
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Simplified  Cell  Unit  for  Internal  Electrolysis 

ROBERT  P.  YECK  AND  O.  C.  ZISCHKAU 

American  Smelting  and  Refining  Company,  Central  Research  Laboratory,  Barber,  N.  J. 


IN  ORDER  to  follow  the  bismuth  content  of  lead  in  certain 
processing  operations,  it  is  necessary  to  have  a  rapid,  ac¬ 
curate  method  of  determination.  The  oxychloride  and  other 
older  methods  sacrifice  accuracy  for  speed.  The  internal 
electrolysis  method  described  by  Clarke,  Wooten,  and  Luke 
(1)  appeared  to  hold  promise,  but  because  duplication  of  the 
apparatus  recommended  proved  difficult,  the  authors  con¬ 
structed  a  simplified  cell  unit  from  laboratory  stock  parts. 
This  unit  provides  greater  compactness  and  convenience  of 
operation  at  a  fraction  of  the  cost  of  construction.  The 
methods  employed  were  those  recommended  by  Clarke,  Woo¬ 
ten,  and  Luke  ( 1 ). 

The  design  illustrated  is  assembled  entirely  from  inex¬ 
pensive  stock  items.  The  only  section  not  found  in  any  labo¬ 
ratory  stock  room  is  the  hard-rubber  base  plate,  which  pre¬ 
sents  no  construction  difficulties.  The  air  stirrer  shown  in 
the  illustrations  not  only  is  economical,  but  eliminates  a 
source  of  accidental  error  through  contamination  of  the  elec¬ 


trolyte  during  electrolysis,  by  copper  salts  from  the  electric 
motor.  It  also  permits  more  compact  assembly  of  the  unit. 

The  cell  consists  of  a  hard-rubber  or  similar  electrode  support 
with  three  hard-rubber  binding  posts  connected  together  on  the 
upper  side  with  a  thin  copper  strip.  Other  parts  of  the  cell — 
flushing  tubes,  anodes  and  shells,  and  the  cathode — are  attached 
to  the  hard-rubber  base,  which  rests  on  the  rim  of  a  beaker  during 
electrolysis  with  anodes  and  cathode  suspended  from  it  into  the 
electrolyte.  At  completion  of  deposition,  the  unit  is  disconnected 
from  the  anolyte  reservoir  by  one  rubber  tube  connection,  and 
lifted  from  the  electrolyte  with  simultaneous  flushing  of  the 
cathode.  The  continuance  of  the  e.  m.  f.  prevents  resolution. 

Figure  1  shows  details  of  the  anode  construction.  The  flushing 
tubes  serve  as  the  anode  cores,  and  the  method  by  which  the 
anodes  are  supported  by  the  flushing  tubes  and  rubber  tubing 
above  the  plate  should  be  noted.  The  binding  posts  are  attached 
by  tapped  holes,  but  do  not  continue  through  to  the  under  side. 
It  is  important  to  have  no  metals  exposed  on  the  under  side.  This 
design  necessitates  bending  the  cathode  stem  to  avoid  a  hole 
through  the  plate,  as  shown  in  Figure  2.  Figure  3  shows  the  rela¬ 
tive  positions  of  anodes  and  cathode  and  the  extension  of  the 
cathode  position  for  the  introduction  of  the  stirrer  through  the 
center. 

Figure  4  shows  the  unit  on  an  ordinary  ring  stand  with  all 
parts  in  place,  exactly  as  it  appears  in  operation.  A  small  hot 
plate  with  high-,  medium-,  and  low-temperature  adjustments 
wall  be  found  satisfactory  for  this  purpose.  One  valve,  not  two, 
in  the  previously  designed  apparatus  is  used  for  anode  flushing. 
The  plainly  visible  outlet  tubes  make  this  feature  practicable. 


A.  Stock  tubing.  0.25  inch  in  outside  diameter 

B.  Short  length  of  rubber  tubing  connecting  flushing 
tubes  to  Y-tube,  6  to  7  cm.  long 

C.  Binding  posts,  3;  one  in  center,  outer  ones  2.5  cm. 
from  center,  in  line,  on  either  side 

D.  Overflow  tubes,  same  size  as  flushing  tubes,  bent 
U-shaped,  inverted  in  use.  These  must  turn  to  drain 
in  opposite  direction  from  cathode.  A  drop  of 
anolyte  might  otherwise  accidentally  fall  on  cathode 
during  removal  (Figures  2  and  3) 

E.  Hard-rubber,  Bakelite,  or  similar  material  plate, 
13  cm.  long,  0.7  to  1.0  cm.  thick,  3  cm.  wide.  Slight 
variations  in  dimensions  are  permissible 

F.  Rubber  stoppers  with  two  holes  to  accommodate 
tubing  (flushing  and  overflow  tubes),  also  a  very 
small  hole  to  permit  passage  of  anode  leads 

G.  Alundum  shells  covering  anodes,  Norton  Co.’s 
RA360,  2  X  9  cm.  These  are  cut  down  to  7-cm. 
length  to  fit  standard  400-ml.  beaker 

H.  Platinum  cathode,  5.5  cm.  long,  3  cm.  in  diameter, 
stem  bent  as  shown  in  Figure  2.  Clearance  of 
cathode  and  anode  shells  should  be  at  least  1.5  cm. 
Cathode  must  extend  beyond  edge  of  hard-rubber 
base  to  permit  stirrer  operation  through  center 
(Figure  3) 

I.  Anode  flushing  tubes  serving  also  as  core  for  anode 
wire  wdnding.  They  extend  close  to  bottom  of  anode 
shells,  and  upwards  through  hard-rubber  plate  to 
1.5  to  2.0  cm.  above  upper  surface.  Lead  wire  wind¬ 
ing  begins  at  extreme  lower  end  of  these  tubes  and 
continues  upward  to  as  close  as  possible  to  rubber 
stopper.  Length  of  tubes  will  determine  clearance  of 
overflow  tube  from  bottom  of  plate 

J.  Copper  strip,  6.5  X  1.0  cm.  connecting  bases  of  all 
binding  posts.  After  insertion  should  be  greased 
lightly  to  minimize  corrosion 
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Table  I.  Determination  op  Bismuth 
✓ - Bismuth  Found- 


Sample 

Internal 

No. 

electrolysis 

Oxychloride 

314 

0.083 

0.080 

316 

0.073 

0.071 

318 

0.084 

0.082 

319 

0.036 

0.036 

320 

0.039 

0.039 

321 

0.087 

0.084 

326 

0.129 

0.136 

H4456 

0.022 

0.023 

H4470“ 

9.20 

9.20 

352 

0.099 

0.099 

H168 

0.018 

0.018 

H4792 

0.019 

0.017 

H92 

0.016 

0.016 

a  By  aliquoting  equivalent  of  0.2  gram  of  sample. 


Operation  and  Care  of  Cell  Unit 

As  will  be  seen  from  Figure  4,  a  compact  series  of  these 
units  may  be  easily  arranged.  The  method  ( 1 )  stresses  the 
use  of  the  cell  for  the  determination  of  small  amounts  of  cop¬ 
per  and/or  bismuth.  However,  considerably  larger  amounts 

may  be  safely  handled 
by  reducing  the 
weight  of  the  sample 
used,  either  by  direct 
weight  or  by  diluting 
and  aliquoting.  The 
limiting  factor  is  the 
amount  of  bismuth 
which  will  form  an 
adherent  deposit.  On 
perforated  cathode 
used,  this  is  approxi¬ 
mately  30  mg.  Be¬ 
yond  this  point  diffi¬ 
culty  will  be  ex¬ 
perienced  in  washing 
and  handling  because 
of  the  powdery 


A.  Anode  lead  through 
small  hole  in  rubber 
stopper  to  outside 
binding  posts.  Anode 
wire  is  high-purity 
lead  of  No.  12-16  B.  & 
S.  gage 

B.  Anode  shell 

C.  Flushing  tube  serving 
as  lead  anode  wire  core 

D.  Relative  positions  of 
lower  edge  of  cathode 
and  anode 

Figure  2 


Shows  clearance  of  cathode  and  anode  shells  as  well  as 
extension  of  cathode  position  to  accommodate  centrally 
positioned  stirrer.  Note  location  and  direction  of  over¬ 
flow  tubes. 


Figure  4.  Cell  Unit 


characteristics.  By  starting  electrolysis  at  from  40°  to  50°  C. 
and  gradually  raising  the  temperature  to  70°  C.,  some  slight 
improvement  in  adherence  may  be  noted  when  working  in  the 
maximum  weight  range.  Considerable  improvement  in  this 
respect  will  occur  in  the  presence  of  copper,  which  may  be 
added  in  known  amounts  for  this  purpose,  if  desired.  Wash¬ 
ing  of  the  cathode  during  removal  from  the  electrolyte  should 
be  done  with  generous  quantities  of  water,  but  under  a  mini¬ 
mum  of  pressure. 

Care  of  Alundum  Shells  ( 1 ).  When  disassembling,  solu¬ 
tion  of  the  pine  lead  anode  wire  may  be  reduced  considerably  by 
removing  the  anode  shells  immediately  after  electrolysis  and 
thoroughly  rinsing  the  wire  with  water.  The  shells  should  be  im¬ 
mersed  in  water.  When  the  apparatus  has  not  been  used  for 
several  hours,  wires  should  be  washed  off  with  dilute  (10  per 
cent)  nitric  acid,  followed  with  water,  before  each  electrolysis. 
As  many  as  50  determinations  may  be  made  with  a  single  winding, 
if  unnecessary  corrosion  is  avoided.  Contacts  should  be  kept 
efficiently  clean  and  secure  at  all  times.  Operation  at  tempera¬ 
tures  above  75°  C.  should  be  avoided.  Use  of  thermometer  in 
trial  determinations  to  check  temperature  controls  of  the  hot 
plate  will  be  helpful. 


Results 

A  number  of  comparisons  with  the  oxychloride  method  are 
given  to  demonstrate  the  accuracy  of  the  internal  electrolysis 
technique  (Table  I) . 

These  results  give  ample  evidence  of  the  value  of  the 
methods  of  Clarke,  Wooten,  and  Luke  (i),  as  well  as  the  prac¬ 
tical  aspects  of  the  cell  unit  described  here. 

The  Stirrer 

Owing  to  objections  to  the  electric  motor  stirrer,  an  all¬ 
glass  device  has  been  used.  It  may  be  made  in  the  laboratory 
or  purchased  from  laboratory  supply  houses. 
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A  Continuous  Liquid-Liquid  Extractor 

RICHARD  KIESELBACH 
Bakelite  Corporation,  Bound  Brook,  N.  J. 


LIQUID-liquid  extraction  can  be  an  extremely  tedious 
and  time-consuming  operation,  particularly  when  the 
two  liquids  tend  to  emulsify.  .  Most  commercial  laboratory 
continuous  extractors,  though  labor-saving,  are  expensive 
and  very  slow  in  operation.  Hossfeld  (1)  describes  an  ap¬ 
paratus  which  is  a  considerable  improvement  over  previous 
extractors,  but  which  requires  a  motor  and  moving  glass 
parts,  always  a  potential  source  of  trouble  in  careless  or  in¬ 
experienced  hands. 


The  apparatus  here  described  was  devised  for  the  routine 
analysis  of  cresylic  acids,  in  which  pyridine,  oils,  and  naphtha¬ 
lene  are  extracted  with  benzene  from  an  alkali  solution  of  the 
cresylic  acid.  The  potassium  phenolates  present  ordinarily 
cause  a  high  degree  of  emulsification.  By  use  of  this  ap¬ 
paratus,  a  quantitative  extraction  is  completed  in  1  hour, 
as  against  more  than  12  hours  for  a  commercial  extractor 
dispersing  the  solvent  by  means  of  a  fritted-glass  bubbler. 
The  apparatus  is  relatively  compact,  inexpensive,  and  simple 
to  build  and  operate. 

The  extractor  is  illustrated  in  Figure  1.  Benzene  passes  from 
the  boiling  flask,  A,  to  the  reflux  condenser,  whence  it  drips  into 
the  solution  in  the  mixing  flask.  Air  passing  through  the  inner 
tube,  D,  enters  the  flask  in  a  fine  jet  at  the  bottom,  agitating  the 
mixture  vigorously.  The  mixture  of  extract  and  solution  over¬ 
flows  into  the  settling  chamber,  B,  from  which  the  extract  over¬ 
flows  into  the  boiling  flask,  and  the  solution  returns  via  the  trap, 
C,  to  the  mixing  flask. 

This  design  represents  a  simplification  of  an  attempt  to 
eliminate  the  moving  parts  in  Hossfeld’s  extractor.  The 
original  design  is  shown  in  Figure  2.  In  this  case,  the  reflux 
was  led  through  inner  tube  E  to  the  intake,  F,  of  the  aspi¬ 
rator,  G.  The  aspirator,  operated  by  a  jet  of  air,  circulated 
fresh  solvent  through  the  mixture,  while  the  air  served  also 
to  agitate  the  mixture.  Surprisingly  enough,  it  was  found 
that  removing  E  and  closing  F  had  no  effect  on  the  efficiency 
of  the  apparatus.  Accordingly,  the  simpler  and  more  com¬ 
pact  device  shown  in  Figure  1  was  constructed.  In  operation, 
there  was  no  measurable  difference  in  efficiency  between 
these  two  designs. 


There  are  two  possibly  undesirable  features  inherent  in  the 
design  of  the  extractor.  One  is  that  a  long  and  efficient 
reflux  condenser  is  necessary  to  prevent  the  loss  of  solvent 
vapor  entrained  in  the  stream  of  air.  However,  using  a 
50-cm.  West-type  condenser,  this  loss  is  negligible  in  routine 
work  for  the  1-hour  period  of  operation.  The  other  dis¬ 
advantage  lies  in  the  fact  that  the  stream  of  air  may  oxidize 
the  material  being  extracted.  An  inert  gas  could,  of  course,, 
be  used  to  obviate  this  difficulty. 

Details  of  Construction  and  Operation 

The  specifications  for  the  extractor  are  fairly  flexible.  It  was 
designed  to  contain  approximately  1  liter  of  liquid,  but  there  is 
no  apparent  reason  why  the  flask  could  not  be  altered  to  any 
desirable  shape  and  capacity.  In  this  case,  an  800-ml.  Kjeldahl 
flask  with  a  24/40  standard-taper  neck  was  used  as  the  mixing 
flask,  and  a  side  arm  approximately  25  cm.  long  was  constructed 
of  3-cm.  tubing.  The  seals  at  both  ends  of  this  arm  were  made 
at  the  top,  to  allow  a  maximum  amount  of  space  for  the  separa¬ 
tion  of  the  liquids.  These  openings  must  be  at  least  1  cm.  in 
diameter  to  permit  the  flow  of  liquid  and  vapor  in  opposite 
directions.  However,  the  opening  at  the  flask  end  should  not 
be  larger  than  necessary,  lest  the  turbulence  of  the  contents  of 
the  mixing  flask  be  carried  into  the  settling  chamber.  In  order 
to  permit  the  extracted  liquid  to  flow  back  to  the  drain,  C,  the 
side  arm  should  be  sealed  on  at  a  slight  upward  angle.  The  inner 
tube,  D,  was  a  length  of  8-mm.  tubing,  whose  lower  end  was 
drawn  down  to  an  opening  of  about  0.25  mm.  It  was  sealed 
through  the  wall  of  the  flask  at  the  top,  to  prevent  the  loss  of 
liquid  when  the  air  was  turned  off. 


In  operation,  the  flask  is  filled  with  the  liquid  to  be  extracted 
to  a  point  just  below  the  bottom  of  the  side  arm,  B.  The  volume 
of  the  air  bubbles  and  solvent  brings  the  level  to  the  overflow. 
The  stream  of  air  should  be  regulated  to  the  minimum  required 
to  give  thorough  mixing,  as  indicated  by  the  homogeneity  of  the 
contents  of  the  flask.  Where  colored  material  is  being  extracted, 
completion  of  extraction  is  easily  estimated  by  the  appearance 
of  the  extract  in  the  settling  chamber. 
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Absorption  Tube  Tares  in  Carbon  and  Hydrogen 

Microdetermination 

W.  M.  MacNEVIN  AND  J.  E.  VARNER,  Ohio  State  University,  Columbus,  Ohio 


THE  microdetermination  of  carbon  and  hydrogen  as 
described  by  Pregl  makes  use  of  two  absorption  tubes, 
one  for  water  and  the  other  for  carbon  dioxide.  Glass  vessels 
containing  lead  shot  are  used  as  tares.  The  use  of  a  third 
absorption  tube  as  a  control  was  described  by  Friedrich  (2), 
who  used  specially  designed  tubes  that  could  be  closed  for 
weighing.  Niederl  and  Niederl  (presumably  using  Pregl 
tubes)  have  suggested  the  use  of  a  third  tube  not  only  as  a 
control  but  as  a  tare  in  order  to  overcome  the  effects  of  high 
humidity  (8,  p.  114).  However,  the  performance  of  their 
absorption  system  using  Pregl  type  tubes  has  not  been 
described  in  the  literature.  The  authors  have  studied  this 
system  extensively  and  find  that  its  use  makes  the  handling 
and  weighing  of  the  absorption  tubes  much  more  flexible. 
As  a  result,  this  part  of  the  carbon  and  hydrogen  procedure 
is  no  longer  regarded  as  most  subject  to  error  (3,  p.  123). 

Pregl-type  tubes  are  used,  since  they  are  the  simplest  in  design 
and  operation.  Drierite  (20-mesh)  is  used  as  water  absorbent  and 
Ascarite  (20-mesh)  as  carbon  dioxide  absorbent.  Cotton  plugs 
are  used  at  either  end  and  the  stoppered  ends  are  sealed  in  with 
Kronig’s  cement.  The  tare  tube  is  filled  one  half  with  Ascarite 
and  one  half  with  Drierite,  with  the  Ascarite  toward  the  exit  end. 
The  weight  of  the  tare  tube  is  adjusted  so  as  to  be  slightly  lighter 
than  the  two  absorption  tubes.  When  the  tubes  are  put  on  the 
combustion  line,  the  tare  is  also  put  on  the  line  following  the  As¬ 
carite  tube,  and  is  treated  in  every  way  like  the  absorption  tubes. 
At  the  balance  it  is  placed  on  the  right-hand  pan,  while  the  ab¬ 
sorption  tubes  go  as  usual  on  the  left.  When  standing  overnight, 
the  tubes  are  left  open  to  the  ah’  on  a  rack  near  the  combustion 
apparatus.  Dust  is  kept  off  by  covering  the  tubes  and  rack  with 
a  folded  piece  of  paper. 

When  these  observations  were  first  begun,  the  need  for 
the  elaborate  process  of  wiping  the  tubes  prescribed  by 
Pregl  ( 5 )  was  questioned.  It  quickly  appeared,  as  Royer 
(6)  has  also  observed,  that  wiping  did  not  improve  the 
results  and  often  resulted  in  a  drift  in  the  apparent  weight, 
thus  requiring  a  longer  waiting  period.  When  the  wiping  was 
omitted  the  tubes  became  constant  within  2  to  3  minutes 
of  putting  them  on  the  balance — that  is,  as  soon  as  the 
weighing  could  be  completed — and  remained  constant  over 
a  relatively  long  period  of  time.  The  only  wiping  is  given 
the  outside  of  the  tips  of  the  capillaries  between  the  thumb 
and  first  finger  of  the  gloved  hand,  and  the  inside  with  a 
“pipestem”  cleaner.  A  pair  of  clean  white  cotton  gloves  is 
worn  when  handling  the  tubes.  The  omission  of  wiping 
makes  possible  the  use  of  absorption  tubes  made  of  Pyrex 
despite  the  statement  of  Niederl  and  Niederl  (§,  p.  136). 


Table  I  shows  data  representing  the  changes  in  weight  of 
the  absorption  tubes  over  a  period  of  time  counting  from  the 
moment  the  tubes  were  placed  on  the  balance.  The  first 
time  noted  under  each  experiment  represents  the  time 
elapsed  between  placing  the  tube  on  the  balance  and  observing 
its  weight. 

Discussion 

The  data  of  Table  I  indicate  that  constant  weight  is 
reached  about  as  rapidly  as  the  weights  can  be  added  and 
the  weighing  operation  completed.  There  is  no  pronounced 
tendency  for  the  tubes  to  change  weight,  as  has  been  found 
for  other  absorption  systems  ( 1 ) .  Thus  it  is  not  necessary  to 
have  a  weighing  time  schedule.  This  makes  the  procedure 
flexible  and  therefore  advantageous  for  beginners  in  the 
technique,  whose  working  speed  may  be  unusually  slow. 
The  greatest  change  noted  in  the  water  tube  after  1-hour 
standing  is  +0.019  mg.  For  the  four  observations,  the 
average  change  is  +0.008  mg.  For  the  carbon  dioxide 
tube  the  corresponding  values  are  noticeably  less.  This 
means  that  the  operation  of  running  carbon  and  hydrogen 


Table  I.  Constancy  of  Absorption  Tube  Weights  Using  a 
Third  Tube  as  Control  and  Tare 

H>0  Tube  CO»  Tube 


Elapsed 

Elapsed 

Expt. 

time 

Change 

time 

Change 

Alin. 

Mg. 

Alin . 

Mg. 

1 

3 

3 

5 

-0.002 

5 

-0.001 

8 

-0.006 

8 

-0.005 

15 

-0.008 

2 

3 

3 

5 

-0.001 

5 

-0.001 

8 

-0.003 

8 

-0.002 

3 

8 

12 

30 

0.006 

24 

-0.002 

4 

8 

12 

60 

0.019 

64 

0.000 

5 

8 

12 

60 

0.007 

64 

-0.004 

6 

8 

12 

60 

0.002 

64 

0.012 

7 

8 

12 

60 

-0.003 

64 

0.007 

8 

8 

12 

90 

0.013 

94 

0.004 

9 

8 

12 

90 

0.024 

94 

0.014 

10 

8 

12 

20  hours 

-0.020 

20  hours 

0.010 

11 

8 

12 

20  hours 

-0.038 

20  hours 

0.015 
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analyses  may,  so  far  as  the  absorption  tubes  are  concerned, 
be  interrupted  without  affecting  the  results.  Thus  it  is 
not  always  necessary  to  have  a  continuous  period  of  several 
hours  in  order  to  perform  carbon  and  hydrogen  analyses. 
This  is  of  some  importance  to  students  whose  time  is  likely 
to  be  interrupted.  (While  such  interruptions  do  not  affect 
the  tube  weights,  some  combustion  tube  fillings,  especially 
those  containing  lead  dioxide,  must  be  conditioned  immedi¬ 
ately  before  running  an  analysis.)  The  relative  constancy 
of  the  tubes  over  a  period  up  to  20  hours  indicates  the  definite 
absence  of  any  trend  in  the  weight  of  the  tubes.  It  also 
indicates  that  the  Pregl  tubes  may  safely  be  left  open  to  the 
air  for  several  hours  without  protecting  them  with  rubber 
caps. 

A  great  many  analyses  of  research  compounds  prepared 
in  this  laboratory  have  been  run  with  the  absorption  system 
described.  The  carbon  values  have  agreed  regularly  within 
0.3  per  cent  relative  error  and  the  hydrogen  within  1  per  cent 
relative  error.  However,  the  high  hydrogen  values  usually 
.  associated  with  high  temperatures  and  humidities  (4)  are 
still  obtained  with  this  system  of  tares,  just  as  with  the 
lead  shot  tares,  and  the  proper  correction  must  be  determined 
using  a  known  compound.  The  high  hydrogen  values  are 
therefore  probably  not  a  direct  result  of  high  humidity. 

This  system  of  tare  requires  the  use  of  extra  weights  from 
the  set  up  to  300  to  400  mg.  to  tare  the  continuous  gain  in 
weight  of  the  absorption  tubes.  The  use  of  so  many  weights 
as  a  tare  has  not  produced  a  noticeable  error  in  the  results. 

The  elimination  of  wiping  apparently  makes  the  use  of 
Pyrex  absorption  tubes  satisfactory.  The  omission  of  the 


waiting  period  shortens  the  total  time  for  tne  analysis  by 
at  least  10  minutes. 

Summary 

The  behavior  of  a  carbon  and  hydrogen  absorption  system, 
in  which  a  third  Pregl-type  tube  is  used  both  as  a  control 
and  tare,  is  described. 

If  the  tubes  are  not  wiped,  they  are  constant  in  weight 
as  soon  as  they  can  be  weighed.  Thus  they  may  be  weighed 
without  the  usual  waiting  period. 

The  tubes  remain  fairly  constant  in  weight  up  to  periods 
of  1  hour  and  show  only  slight  variations  over  much  longer 
periods.  Hence,  a  rigid  weighing  program  is  not  required. 

The  omission  of  wiping  makes  possible  the  use  of  Pregl 
tubes  made  of  Pyrex. 

The  use  of  a  third  tube  as  tare  and  control  does  not  elimi¬ 
nate  the  high  hydrogen  values  usually  obtained  at  high 
atmospheric  humidities  with  other  absorption  systems. 

The  use  of  extra  weights  to  tare  the  gain  in  weight  of  the 
absorption  tubes  does  not  introduce  a  noticeable  error. 
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Microdetermination  of  Hydroxyl  Content 
of  Organic  Compounds 

Acetic  Anhydride-Pyridine  Mixture  as  Reagent 


JACK  W.  PETERSEN,  KENNETH  W.  HEDBERG,  and  BERT  E.  CHRISTENSEN 
Oregon  State  College,  Corvallis,  Ore. 


THE  simplest  procedures  for  the  determination  of  the 
hydroxyl  content  of  organic  compounds  are  those  based 
on  esterification.  As  yet  little  attention  has  been  given  to 
their  application  on  a  micro  scale,  a  field  in  which  they  would 
be  especially  useful. 

Several  macro-  and  semimicromethods  (1,  2,  4,  5,  7)  em¬ 
ploying  both  acetic  anhydride  and  acetyl  chloride  have  been 
described  in  the  literature.  Extensive  esterification  experi¬ 
ments  with  acetyl  chloride  have  been  reported  recently  from 
this  laboratory  (1).  Attempts  to  use  this  reagent  on  a 
micro  scale,  however,  have  led  to  several  other  limitations 
besides  those  already  mentioned  (1). 

Attention  was  therefore  directed  to  a  study  of  the  esterifi¬ 
cations  with  acetic  anhydride-pyridine  mixture.  Both 
Peterson  and  West  (4)  and  Verley  and  Bolsing  (7)  have 
published  methods  based  on  the  use  of  this  reagent.  Stodola 
(6)  has  reduced  the  procedure  to  a  micro  scale.  Since 
extensive  testing  of  this  mixture  has  not  been  previously 
reported,  the  behavior  of  a  large  number  of  typical  alcohols 
and  phenols  treated  with  acetic  anhydride-pyridine  solutions 
was  studied.  As  a  result  of  this  work  a  simple  microchemical 
technique  based  on  the  use  of  a  hermetically  sealed  tube  has 
been  developed  in  this  laboratory  which  gives  fairly  satis¬ 


factory  results  for  the  microdetermination  of  the  hydroxyl 
content  of  organic  compounds. 

Reagents 

c.  p.  acetic  anhydride,  redistilled  and  acetate-free,  kept  in  well- 
stoppered  (screw  cap)  bottle;  c.  p.  pyridine,  redistilled  and 
water-free;  and  0.04  N  sodium  hydroxide,  carbonate-free. 

Apparatus 

The  reaction  vessel  consists  of  a  melting  point  tube,  3  mm.  in 
diameter  and  6  cm.  in  length,  made  from  a  soft-glass  test  tube. 

Three  medicine  droppers,  for  the  delivery  of  alcohol,  acetic 
anhydride,  and  pyridine,  respectively,  are  made  by  drawing  one 
end  of  a  6-mm.  soft-glass  tubing  to  a  fine  capillary  and  equipping 
the  other  end  with  a  rubber  policeman. 

Glass  plungers,  1.0  mm.  X  0.5  cm.,  are  made  from  soft-glass 
rod. 

A  microcentrifuge. 

Analytical  Procedure 

Introduce  2  to  10  mg.  of  the  compound  into  a  weighed  reaction 
tube  by  means  of  the  dropper,  or,  in  the  case  of  solids,  employ 
the  technique  described  by  Niederl  for  filling  Rast  tubes  (3). 

Centrifuge  and  again  reweigh  the  tube.  Using  the  same  tech¬ 
nique,  add  approximately  20  to  25  mg.  (4  to  5  drops)  of  pure  acetic 
anhydride  from  the  second  dropper,  recentrifuge,  and  weigh 
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Table  I.  Acetylation  with  Acetic  Anhydblde-Pybldine  Mixtures 


No.  of 

No.  of 

Deter¬ 

OH 

Deter¬ 

OH 

Primary  and  Secondary 

mina¬ 

OH 

Found 

Average 

Primary  and  Secondary 

mina¬ 

OH 

Found 

Average 

Alcohols 

tions 

Theory 

(Average) 

Deviation 

Alcohols 

tions 

Theory 

(Average) 

Deviation 

Parts  per 

Parts  per 

% 

% 

1000 

% 

% 

1000 

7-Phenyl-n-propyl 

2 

12.4 

12.3 

0 

Phenols 

Butyl 

2 

22.9 

22.7 

5 

Phenol 

2 

18.1 

17.65 

3 

Isoamyl 

2 

19.3 

19.25 

8 

o-Cresol 

2 

15.7 

15.55 

10 

Allyl 

2 

29.3 

29.15 

2 

p-Cresol 

2 

15.7 

15.7 

22 

Cyclohexanol 

2 

17.0 

16.90 

6 

m-Cresol 

2 

15.7 

15.35 

3 

Octanol-2 

2 

13.1 

12.95 

4 

a-Naphthol 

2 

11.8 

11.55 

4 

Hexanol 

2 

16.6 

15.45 

15 

/3-Naphthol 

2 

11.8 

11.65 

4 

Benzyl 

2 

15.7 

15.85 

10 

Resorcinol 

2 

30.9 

30.8 

6 

•sec-Butyl 

1 

22.9 

22.4 

Hydroquinone 

2 

30.9 

30.7 

3 

Cinnamyl 

2 

12.7 

12.25 

i 

Orcinol 

2 

27.4 

26.9 

4 

Diethylcarbinol 

2 

19.3 

18.4 

5 

Catechol 

2 

30.9 

31.05 

5 

2-Ethylbutanol 

2 

16.6 

15.9 

12 

2-Hydroxy-l, 4-dimethyl- 

benzene 

2 

13.9 

13.8 

8 

Polyhydric  alcohols 

Pyrogallol 

3 

40.5 

40.0 

17 

Ethylene  glycol 

4 

54.6 

54.0 

20 

Propylene  glycol 

6 

44.7 

41.0 

29 

Substituted  phenols 

Diethylene  glycol 

4 

32.1 

30.1 

4 

Vanillin 

2 

11.2 

10.85 

4 

Mannitol 

2 

56.1 

56.15 

1 

p-Hydroxy-benzalde- 

Sorbitol 

2 

56.1 

54.7 

0 

hyde 

2 

13.9 

13.65 

4 

Gallic  acid 

2 

27.1 

27.3 

4 

Substituted  alcohols 

Thymol 

2 

11.0 

11.15 

4 

Ethylene  chlorohydrin 

4 

21.1 

20.0 

3 

Guaiacol 

2 

13.7 

13.65 

4 

l,3-Dichloropropanol-2 

2 

13.1 

12.8 

0 

o-Chlorophenol 

2 

13.2 

13.1 

0 

p-Chlorophenol 

2 

13.2 

13.0 

0 

Terpenes 

Methyl  salicylate 

2 

11.2 

11.35 

4 

Borneol 

2 

11.0 

11.1 

0 

Salicylic  acid 

2 

12.3 

12.35 

4 

Menthol 

2 

11.0 

10.9 

9 

m-Hydroxybenzoic 

2 

12.3 

12.2 

9 

Geraniol 

2 

11.0 

9.9 

0 

p-Hydroxy  benzoic 

2 

12.2 

12.25 

4 

Eugenol 

2 

10.4 

10.55 

5 

4-Hydroxy-l,  2-dimethyl 

Isoeugenol 

4 

‘  10.4 

9.75 

7 

benzene 

2 

13.9 

14.15 

4 

Citronellol 

4 

10.9 

9.45 

28 

m-Nitrophenol 

2 

12.2 

12.1 

9 

p-Nitrophenol 

2 

12.2 

11.35 

4 

Miscellaneous 

o-Nitrophenol 

2 

12.2 

11.45 

2 

Benzoin 

8.0 

8.11 

0 

p-Aminophenol 

2 

15.6 

15.05 

1 

Cholesterol® 

2° 

4.4 

4.5 

11 

2-Hydroxy-l  ,4-dimethyl- 

benzene 

2 

13.9 

13.8 

7 

°  Hydrolyzed  in  usual  way, 

then  10  ml.  of  95%  ethanol  added  to  dissolve 

Sugars 

ester  before  titration. 

Sucrose  6 

4 

39.8 

39.9 

5 

b  Ran  48  hours. 

Xylose 

2 

45.5 

45.55 

3 

again.  In  order  to  ensure  the  quantitative  conversion  of  the 
alcohol  to  the  ester,  a  ratio  of  at  least  2  moles  of  anhydride  per 
equivalent  of  hydroxyl  should  be  maintained. 

Add  4  to  6  drops  of  pure  pyridine  and  again  centrifuge.  The 
amount  of  pyridine  does  not  appear  to  be  critical  except  in  a  few 
cases  involving  solubility.  Insert  a  small  glass  rod  in  the  tube, 
seal,  then  shake  well  to  ensure  complete  mixing,  and  set  aside 
for  24  hours.  At  the  same  time  run  a  blank  to  determine  the 
volume  of  standard  base  required  to  neutralize  the  acid  derived 
from  1  mg.  of  acetic  anhydride. 

Place  the  reaction  tube  in  a  50-ml.  Erlenmeyer  flask,  add  5  ml. 
of  water,  and  then  break  the  tube  by  means  of  a  stout  stirring 
rod.  Titrate  released  acid  with  0.04  N  sodium  hydroxide.  The 
per  cent  hydroxyl  can  then  be  calculated  by  means  of  the  formula: 


%  (OH)  = 


(m.  e.  of  anhydride  used  —  m.  e.  of  acid  found)  X  1700 
mg.  of  sample 


where  m.  e.  of  acid  found  =  ml.  X  normality,  m.  e.  of  anhydride 
used  =  mg.  of  anhydride  X  ratio  X  normality,  and  ratio  =  ml. 
of  base  required  to  neutralize  acid  derived  from  1  mg.  of  anhy¬ 
dride. 


Results  and  Discussion 

The  results  obtained  with  this  procedure  are  given  in 
Table  I.  In  most  cases  they  are  the  average  of  duplicate 
determinations. 

This  method  is  not  applicable  to  the  determination  of 
tertiary  alcohols.  Ethyl  citrate,  t-amyl,  and  <-butyl  alcohol 
gave  very  low  results  which  confirm  the  observations  of  others. 

Although  all  experiments  were  extended  over  a  period  of 
24  hours  at  room  temperature,  these  conditions  are  not  to  be 
considered  as  well-established  optima.  Since  the  reaction 
mixture  is  hermetically  sealed,  experiments  can  be  con¬ 
ducted  with  equal  ease  at  elevated  temperatures.  Several 
compounds  have  been  reported  to  acetylate  in  15  minutes 
at  100°  C.  in  acetic  anhydride  and  pyridine.  In  this  labora¬ 
tory  borneol  has  been  quantitatively  acetylated  in  35  min¬ 
utes  at  100°  C.  On  the  other  hand  a  number  of  alcohols  give 


poor  results  at  higher  temperatures,  possibly  because  of 
decomposition. 

The  authors’  experience  indicates  that  the  ease  of  acetyla¬ 
tion  varies  with  the  individual  compounds.  The  ratio  of 
acetic  anhydride  to  alcohol  has  been  found  to  be  somewhat 
critical  and  should  not  fall  below  100  mole  per  cent  excess 
per  equivalent  of  hydroxyl.  Since  the  hydroxyl  is  deter¬ 
mined  by  difference,  it  is  not  a  good  policy  to  employ  too 
large  an  excess  for  accurate  work. 

Care  should  be  exercised  in  the  selection  of  acetic  anhy¬ 
dride.  It  is  essential  that  pure  redistilled  anhydride  (from  a 
good  fractionating  column)  be  used  to  obtain  the  best  re¬ 
sults.  In  some  of  the  initial  work  erratic  results  were  traced 
to  the  presence  of  a  considerable  quantity  of  acetic  acid 
in  the  acetic  anhydride.  As  soon  as  this  was  remedied  the 
results  were  nearer  the  theoretical  values  and  were  much 
more  reproducible.  In  later  experiments  the  acetic  anhy¬ 
dride  was  redistilled  in  a  7-plate  column.  The  titer  of  this 
anhydride  agreed  perfectly  with  the  theoretical  value. 

The  experiments  with  sugars  were  performed  merely  to 
ascertain  the  possibilities  of  a  micromethod  in  this  field. 
As  indicated,  the  results  are  satisfactory  and  are  in  agreement 
with  the  data  of  Peterson  and  West  (4). 
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The  technique  of  working  in  the  capillary  cone 
has  been  applied  to  analyses  requiring  lengthy 
separations  followed  by  sedimetric  estimations  and 
confirmatory  tests.  Various  improvements  have 
been  made  in  the  performance  of  manipulations, 
and  a  method  for  fractional  distillation  has  been 
developed,  which  may  be  applied  to  liquids  of  ap¬ 
proximately  0.1-  to  0.01-cu.  mm.  volume. 

The  complete  analysis  of  a  particle  of  Wood’s  al¬ 
loy  of  1-microgram  mass  required  approximately 
12  hours.  Such  efficiency  can  be  expected  only 
after  a  period  of  training.  Manual  dexterity  is  per¬ 
haps  of  less  importance  than  methodical  organiza¬ 
tion  of  work.  Proper  design  of  work  bench  and  the 
use  of  microprojection  will  considerably  reduce  fa¬ 
tigue,  if  work  of  this  kind  has  to  be  performed  for 
any  length  of  time. 

THE  technique  described  in  preceding  papers  of  this  series 
(1,  3 )  was  tested  by  application  to  the  analysis  of  rather 
complex  mixtures  containing  ions  of  the  hydrogen  sulfide 
group.  To  make  the  test  more  severe  a  scheme  of  macro¬ 
analysis  was  chosen,  which  emphasizes  quantitative  separa¬ 
tions  and  estimation  of  the  amount  of  the  ions. 

Technique 

The  experience  gained  led  to  various  improvements  and  ex¬ 
tensions  of  the  techniques  employed  in  the  transfer  of  solu¬ 
tions  to  capillary  cones  and  in  the  mixing,  stirring,  and  heat¬ 
ing  of  the  contents  of  such  cones.  These,  as  well  as  the  proce¬ 
dure  for  distillation  from  one  capillary  cone  to  another,  have 
been  described  in  detail  {2).  Some  advice  may  be  added. 


Estimation  of  the  Quantity  of  Precipitates.  Figure  2 
(left)  shows  a  sulfide  precipitate  containing  0.1  microgram  of 
antimony  and  0.01  microgram  of  bismuth.  Figure  2  (right) 
shows  the  same  precipitate  after  whirling  in  the  centrifuge.  Ob¬ 
viously,  it  is  collected  in  the  point  of  the  cone,  but  inspection 
under  higher  magnification  would  conclusively  demonstrate  that 
the  point  of  the  taper  is  free  from  precipitate.  Neither  base  nor 
top  of  the  truncated  cone  filled  by  the  precipitate  presents  a 
plane  surface.  Since  some  arbitrary  lines  must  be  drawn  when 
the  calculation  of  the  volume  of  precipitate  is  based  on  the 
assumption  of  a  truncated  cone,  it  seemed  well  to  imagine  a 
sphere  containing  the  precipitate,  and  to  base  the  estimation  on 
the  diameter  of  this  imaginary  sphere  ( 1 ).  It  is  understood  that 
a  definite  amount  of  centrifugal  force  was  applied  for  a  certain 
time  when  collecting  precipitates  for  the  purpose  of  estimation. 
As  a  rule,  1  minute  of  centrifuging  with  a  relative  centrifugal 
force  equal  to  500  times  gravity  gave  satisfactory  results. 

Use  of  Test  Paper.  Spot  tests  on  paper  may  be  performed 
in  a  very  simple  manner.  The  paper  is  cut  into  strips  approxi¬ 
mately  3  mm.  wide  and  20  mm.  long.  Whenever  needed,  a 
strip  is  placed  on  the  carrier  so  that  it  lies  flat  and  parallel  to  the 
capillary  cones  and  reagent  cones.  Approximately  one  third  of 
the  strip  projects  beyond  the  edge  of  the  carrier,  and  this  part 
of  the  paper  is  bent  downward,  so  that  the  opening  of  the  micro¬ 
pipet  makes  contact  with  the  paper.  Test  solutions  and  reagent 
solutions  are  transferred  from  capillary  cones  or  reagent  con¬ 
tainers  to  the  paper  by  means  of  the  micropipet.  The  colora¬ 
tions  produced  are  best  observed  with  low  magnification  and 
reflected  light  of  low  intensity. 

The  technique  was  employed  when  testing  the  acidity  of 
solutions  with  litmus  paper  and  in  the  confirmatory  tests  for  cad¬ 
mium  (cadion)  and  tin  (molybdenum  blue). 

Projection  of  Microscopic  Images.  The  operations  per¬ 
formed  under  the  microscope  are  just  as  easily  controlled  by 
observation  of  a  projected  image  as  by  viewing  through  the  eye¬ 
piece.  The  glare  sent  out  by  the  illuminated  apparatus  on  the 
stage  is  not  very  bothersome  when  the  intensity  of  the  light  is 
decreased  to  that  required  for  a  screen  image  of  10-  to  20-cm. 
diameter.  Under  this  condition,  the  use  of  projection  will 
reduce  eyestrain,  and  the  operator  will  be  able  to  assume  a  more 
restful  posture. 


Transfer  of  Solids  to  Capillary  Cones.  When  a  sample 
is  selected  for  analysis,  it  is  desirable  to  have  the  material  spread 
for  microscopic  inspection.  The  procedure  described  for  the 
transfer  of  solid  reagents  ( 2 )  has  the  disadvantage  that  the  use  of 
an  inclined  slide  does  not  permit  a  sharp  focus  for  the  entire 
field  of  vision.  If  the  microscope  slide  with  the 
material  is  placed  level  on  top  of  the  chamber  con¬ 
taining  the  capillary  cone,  a  suitable  needle  for 
the  transfer  of  particles  is  obtained  by  sealing  the 
tip  of  a  micropipet  and  bending  it  through  an 
angle  of  30  degrees  (4, 9).  The  shank  of  the  pipet 
is  then  inserted  into  the  holder,  so  that  the  tip 

Eoints  downward.  When  the  selected  particle  has 
een  picked  up  with  the  needle,  the  clamp  of  the 
manipulator  is  released  for  a  moment,  and  the 
pipet  holder  is  rotated  to  bring  the  tip  of  the 
needle  into  a  horizontal  plane.  It  is  then  easy  to 
introduce  the  particle  into  the  capillary  cone. 

The  procedure  is  illustrated  by  Figure  1.  Filings 
of  Wood’s  alloy  (specific  gravity  7)  are  first  shown 
on  a  microscope  slide.  An  approximately  spheri¬ 
cal  particle,  66m  in  diameter,  which  may  be  ex¬ 
pected  to  have  a  mass  of  1  microgram,  has  been 
brought  into  the  center  of  the  field  and  is  just 
being  touched  with  the  point  of  the  needle.  On 
the  right  is  the  same  particle  just  before  it  is  de¬ 
posited  inside  the  capillary  cone. 


Scheme  of  Analysis 

The  scheme  of  Swift  (1 2)  was  adopted  with  some  modifica¬ 
tions.  The  return,  in  a  sense,  of  the  mercury  to  the  copper 
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Figure  1.  Transfer  of  a  Particle  of  Wood’s  Alloy  of  Approximately 
1-Microgram  Mass  from  a  Slide  to  Capillary  Cone 

One  division  of  micrometer  scale  corresponds  to  22  microns.  Magnification,  X  46 
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Figure  2.  Sulfide  Precipitate  Containing  0.1  Microgram  of  Antimony 
and  0.01  Microgram  of  Bismuth 

One  division  of  eyepiece  micrometer  is  equal  to  21  microns.  Magnification,  X  48 
Left.  Contents  of  capillary  cone  after  treatment  with  hydrogen  sulfide 
Right.  Precipitate  collected  in  point  of  cone  by  means  of  centrifuge.  Estimated  that 
precipitate  would  fill  a  sphere  of  63-micron  diameter,  3  divisions  of  the  scale 


group  probably  is  the  most  pronounced  devia¬ 
tion,  and  it  was  introduced  when  it  was  found 
{5, 10)  that  the  extraction  of  mercuric  sulfide 
from  the  sulfide  precipitate  remained  incom¬ 
plete  when  medium  to  large  quantities  of 
mercury  were  present  .  Various  minor  changes 
had  to  be  made  because  of  the  substitution  of 
sedimetric  estimations  followed  by  confirma¬ 
tory  tests  for  the  titrimetric  determinations 
employed  by  Swift. 

Preparation  of  Solution.  In  the  analysis 
of  Wood’s  alloy  a  particle  of  approximately  1 
microgram  mass  was  treated  in  the  capillary 
cone  with  0.01  cu.  mm.  of  16  M  nitric  acid.  Re¬ 
action  with  evolution  of  gas  and  separation  of 
a  white  precipitate  started  immediately.  The 
mixture  of  solution  and  precipitate  was  evapo¬ 
rated  almost  to  dryness  by  heating  on  the  steam 
bath,  and  the  residue  was  taken  up  with  0.007  cu. 
mm.  of  12  M  hydrochloric  acid.  Most  of  the 
residue  dissolved,  and  the  mixture  was  treated 
with  0.1  cu.  mm.  of  water  previous  to  saturat¬ 
ing  with  hydrogen  sulfide. 

Known  solutions  were  prepared  on  a  large 
scale  and  made  approximately  4  M  with  re¬ 
spect  to  acid.  Of  these  solutions  0.01  cu.  mm.  was  taken  for 
analysis,  transferred  to  the  capillary  cone,  and  diluted  with  0.1 
cu.  mm.  of  water.  Precipitates  separating  because  of  hydroly¬ 
sis  appear  brown  in  transmitted  light  and  white  in  reflected 
light.  They  were  left  in  suspension  for  the  treatment  with 
hydrogen  sulfide. 

Precipitation  of  the  Hydrogen  Sulfide  Group.  The 
solution  or  mixture  of  solution  and  precipitate  was  saturated 
with  hydrogen  sulfide,  as  described  in  an  earlier  communication 
( 1 ).  The  reaction  mixture  was  heated  at  60°  to  70°  C.  for  half 
a  minute  and  then  allowed  to  stand  for  1  hour  at  room  tempera¬ 
ture.  The  precipitate  was  collected  by  means  of  the  centrifuge 
and  its  volume  was  estimated.  Another  portion  of  0.1  cu.  mm. 
of  water  was  added,  and  saturation  with  hydrogen  sulfide,  heat¬ 
ing,  standing,  centrifuging,  and  estimation  of  volume  were  re¬ 
peated.  The  solution  was  removed,  and  the  precipitate  was 
washed  once  with  0.01  cu.  mm.  of  0.12  M  nitric  acid. 

Separation  of  the  Copper  and  Arsenic  Groups.  The 
sulfide  precipitate  was  immediately  treated  with  0.02  cu.  mm.  of 
sodium  sulfide-hydroxide  reagent  (8,  48  grams  of  sodium  sulfide 
novahydrate  and  4  grams  of  sodium  hydroxide  in  100  ml.  of 
solution).  The  capillary  cone  was  sealed  into  a  capillary  and 
inserted  in  a  water  bath  at  60°  to  80°  C.  for  one  minute.  The 
capillary  was  withdrawn  from  the  bath  a  few  times,  and  its  con¬ 
tents  were  stirred  by  means  of  the  buzzer  (2).  The  extraction  was 
repeated  with  a  0.02-cu.  mm.  portion  of  a  1  to  1  dilution  of  the 
reagent.  The  volume  of  the  residual  sulfides  was  estimated 
before  removal  of  the  second  extract.  The  extracts  were  com¬ 
bined,  and  the  residue  was  washed  with  0.01  cu.  mm.  of  water  by 
stirring  and  centrifuging. 

Dissolving  the  Sulfides  of  the  Copper  Group.  The 
residue  from  the  extraction  with  sodium  sulfide  was  immediately 
treated  with  0.02  cu.  mm.  of  3  M  nitric  acid,  sealed  into  a  capil¬ 
lary,  and  heated  in  steam  until  solution  of  the  sulfides  appeared 
complete  when  observed  under  the  microscope.  A  small  residue 
of  white  sulfur  was  collected  by  means  of  the  centrifuge,  and  the 
clear  solution  was  transferred  to  another  cone. 

If  the  precipitate  did  not  dissolve  completely,  0.01  cu.  mm. 
more  of  the  3  M  acid  was  added  and  the  heating  was  repeated. 
Mercuric  sulfide  may  remain  behind  with  the  sulfur.  Its  volume 
may  be  estimated  immediately  or  after  solution  in  nitric-hydro¬ 
chloric  acid  and  reprecipitation  with  hydrogen  sulfide.  Ob¬ 
viously,  the  solution  in  nitric-hydrochloric  acid  may  be  set  aside 
and  later  used  for  dissolving  any  mercuric  sulfide  separating  from 
the  extract  containing  the  arsenic  group. 

Isolation  of  Mercury.  The  cone  with  the  sodium  sulfide 
extract  was  transferred  to  a  dry  chamber  with  a  large  drop  of 
concentrated  ammonia  on  the  bottom  plate  and  then  treated  with 
0.03  cu.  mm.  of  3  M  ammonium  acetate.  The  mixture  was 
stirred  by  means  of  the  buzzer  (2).  The  precipitate  was  col¬ 
lected  by  whirling  in  the  centrifuge.  Particles  adhering  to  the 
walls  of  the  capillary  cone  were  loosened  with  the  micropipet. 
The  volume  of  the  precipitate  was  estimated,  and  the  super¬ 
natant  solution  was  immediately  transferred  to  another  cone. 
All  these  operations  were  performed  without  delay,  for  evapora¬ 
tion  of  ammonia  from  the  capillary  cone  may  lead  to  separation 
of  the  sulfides  of  arsenic,  antimony,  and  tin  from  the  solution  of 
their  thio  complexes. 


Confirmatory  Test  for  Mercury.  The  precipitate  of  mercuric 
sulfide  was  washed  once  with  0.01  cu.  mm.  -of  water,  then  treated 
with  0.01  cu.  mm.  of  nitric-hydrochloric  acid  (1  to  1).  The 
mixture  was  evaporated  to  dryness  on  the  steam  bath.  The 
residue  was  either  dissolved  in  0.01  cu.  mm.  of  0.12  M  nitric  acid 
and  the  solution  used  for  the  diphenylcarbazide  test  (3),  or  it  was 
dissolved  in  0.005  cu.  mm.  of  water  and  treated  with  0.01  cu. 
mm.  of  1  per  cent  stannous  chloride.  The  whitish  gray  pre¬ 
cipitate  produced  by  the  latter  reagent  is  easily  observed  with 
reflected  light  after  collection  in  the  point  of  the  capillary  cone 
by  means  of  the  centrifuge. 

Precipitation  of  the  Arsenic  Group.  The  centrifugate 
from  the  mercuric  sulfide  precipitate,  which  may  contain  thio 
complexes  of  arsenic,  antimony,  and  tin,  was  treated  with  1  M 
sulfuric  acid.  Approximately  0.2  cu.  mm.  of  this  acid  are  re¬ 
quired,  but  the  relatively  large  volume  is  of  little  consequence. 
Stronger  acid  reacts  so  violently  that  some  of  the  reacting  matter 
may  be  ejected  from  the  cone  as  a  consequence  of  the  rapid  liber¬ 
ation  of  hydrogen  sulfide. 

The  sulfuric  acid  was  added  in  small  portions  while  stirring 
with  the  micropipet  until  the  mixture  became  just  acid.  For 
testing,  small  portions  of  the  solution  were  transferred  to  litmus 
paper.  Flocculation  of  the  precipitate  was  finally  made  com¬ 
plete  by  heating  in  a  sealed  capillary  for  a  few  minutes  at  80°  to 
90°  C.  The  mixture  was  centrifuged  and  the  solution  removed 
and  rejected. 

If  there  is  reason  to  believe  that  too  much  acid  had  been 
added,  one  may  test  for  absence  of  tin  from  the  centrifugate  by 
diluting  it  with  0.05  cu.  mm.  of  water,  saturating  with  hydrogen 
sulfide,  heating,  and  stirring  by  means  of  the  buzzer.  An 
estimation  of  the  volume  of  the  sulfides  of  the  arsenic  group  re¬ 
quires  subtraction  of  the  volume  of  the  sulfur  contained  in  the 
precipitate.  The  volume  of  the  sulfur  left  behind  when  the 
sulfides  are  dissolved  allows  a  crude  approximation. 

Isolation  of  Arsenic.  The  sulfides  of  the  arsenic  group 
were  treated  with  0.03  cu.  mm.  of  12  M  hydrochloric  acid.  The 
mixture  was  warmed  for  15  seconds  in  a  water  bath  and  then 
thoroughly  agitated  by  means  of  the  buzzer.  The  capillary  cone 
was  then  returned  to  the  dry  chamber,  and  its  contents  were  in¬ 
spected  under  the  microscope.  If  any  sulfide  was  discovered, 
the  mixture  was  treated  with  potassium  bromate.  One  particle 
of  the  potassium  bromate  was  added  at  a  time,  whereupon  the 
solution  was  stirred.  The  addition  of  bromate  was  stopped  as 
soon  as  all  the  sulfide  was  dissolved.  The  sulfur  was  then  col¬ 
lected  by  means  of  the  centrifuge,  and  the  clear  solution  was 
transferred  to  another  capillary  cone.  The  residue  of  sulfur  was 
washed  with  0.03  cu.  mm.  of  12  M  hydrochloric  acid,  and  this 
acid  was  then  added  to  the  solution  of  the  sulfides. 

The  solution  of  the  sulfides  was  treated  with  0.01  cu.  mm.  of 
9  M  hydrochloric  acid  and  0.02  cu.  mm.  of  3  M  phosphorous 
acid.  The  cone  was  sealed  into  a  capillary,  immersed  for  5  to  10 
seconds  in  water  at  80°  to  90°  C.,  and  cooled  in  a  stream  of  tap 
water.  After  insertion  of  the  capillary  cone  into  a  distilling 
capillary  (2),  the  distillation  was  started  (Figure  3),  and  con¬ 
tinued  until  the  volume  of  the  residue  in  the  capillary  cone  was 
reduced  to  0.015  or  0.01  cu.  mm.  The  residue  of  the  distillation 
was  treated  with  0.01  cu.  mm.  of  12  M  hydrochloric  acid,  and  the 
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Figure  3.  Distillation  from  One  Capillary  Cone  to  Another 

Photomicrographs  show  two  halves  of  same  distilling  capillary.  Magnification,  X  30 
Left.  Start  of  distillation.  Heating  element  is  visible  above  opening  of  distilling  capil¬ 
lary  containing  capillary  cone  with  liquid  to  be  distilled 
Right.  Close  of  distillation.  Distillate  collected  at  sealed  end  of  distilling  capillary 


distillation  was  repeated  until  again  a  residue  of  the  above  in¬ 
dicated  volume  remained  behind. 

The  distillate  (Figure  3,  right)  was  transferred  to  a  capillary 
cone  of  the  standard  type,  diluted  with  water  to  a  volume  of 
approximately  0.1  cu.  mm.,  treated  with  0.04  cu.  mm.  of  12  M 
hydrochloric  acid,  and  saturated  with  hydrogen  sulfide.  Floc¬ 
culation  of  the  precipitate  was  brought  about  by  heating  for  30 
to  45  seconds  at  60°  to  70°  C.  and  agitation  by  means  of  the 
buzzer.  The  volume  of  the  precipitate  was  estimated  after 
centrifuging. 

Confirmatory  Test  for  Arsenic.  The  supernatant  solution  was 
removed,  and  the  yellow  precipitate  of  arsenic  sulfide  was 
washed  once  with  approximately  0.03  cu.  mm.  of  water  and  then 
dissolved  in  0.01  cu.  mm.  of  6  M  ammonia.  The  solution  was 
evaporated  almost  to  dryness  by  heating  in  steam,  the  residue 
was  treated  with  approximately  0.05  cu.  mm.  of  16  M  nitric  acid, 
and  the  mixture  was  evaporated  to  dryness.  The  residue  was 
extracted  with  a  volume  of  1  M  nitric  acid  to  give  an  approxi¬ 
mately  1  per  cent  solution  of  arsenic.  Part  of  this  solution  was 
treated  on  the  plateau  of  the  condenser  rod  with  silver  nitrate 
in  acetate  buffer  solution  (3). 

Isolation. of  Antimony.  The  residue  from  the  distillation 
was  treated  with  0.02  cu.  mm.  of  3  M  sulfuric  acid  and  0.01  cu. 
mm.  of  6  M  hydrochloric  acid,  and  water  was  added  to  bring  the 
total  volume  to  0.075  cu.  mm.  Finally  5  cu.  mm.  of  phosphoric 
acid,  obtained  by  mixing  1  volume  of  sirupy  acid  with  4  volumes 
of  water,  were  added,  and  the  antimony  sulfide  was  precipitated 
by  saturating  with  hydrogen  sulfide,  and  heating  at  60°  to  70°  C. 
as  described.  The  precipitate  was  collected  by  means  of  the 
centrifuge,  and  its  volume  was  estimated.  The  solution  con¬ 
taining  the  tin  was  transferred  to  another  capillary  cone.  The 
precipitate  was  washed  with  0.01  cu.  mm.  of  1.2  M  hydro¬ 
chloric  acid,  which  was  then  combined  with  the  centrifugate. 

Confirmatory  Test  for  Antimony.  The  antimony  sulfide  was 
dissolved  by  heating  with  0.02  cu.  mm.  of  12  M  hydrochloric 
acid.  Part  of  the  clear  solution  was  transferred  to  the  plateau 
of  the  condenser  rod  and  tested  with  the  quinine  reagent  (3). 

Isolation  of  Tin.  The  centrifugate  containing  the  tin  was 
treated  by  the  addition  of  small  portions  of  concentrated  ammonia 
until  test  with  litmus  paper  indicated  alkaline  reaction.  The 
solution  was  then  saturated  with  hydrogen  sulfide  and  briefly 
heated  at  60°  to  70°  C.  After  the  capillary  cone  had  been 
placed  in  a  dr}"  chamber,  0.005  cu.  mm.  of  3  M  sulfuric  acid  was 
added  to  the  contents.  The  precipitate  of  tin  sulfide  formed 
slowly.  It  could  not  be  readily  seen  in  transmitted  light,  but 
was  visible  in  reflected  light.  Stirring  with  the  pipet  hastened 
flocculation.  Precipitate  and  solution  were  again  saturated  with 
hydrogen  sulfide,  and  the  mixture  was  allowed  to  stand  for  at 
least  a  few  hours.  It  was  then  centrifuged,  and  the  volume  of 
the  stannic  sulfide  was  estimated. 

Confirmatory  Test  for  Tin.  The  centrifugate  was  removed 
from  the  yellow  stannic  sulfide,  the  precipitate  was  washed  once 
with  0.015  cu.  mm.  of  1  M  ammonium  chloride,  and  the  sulfide 
was  dissolved  by  heating  in  steam  with  0.02  cu.  mm.  of  6  M 
hydrochloric  acid.  After  addition  of  0.01  cu.  mm.  of  12  M 
hydrochloric  acid  and  centrifuging,  parts  of  the  clear  solution 
were  used  for  confirmatory  tests.  Since  the  crystals  of  the 


cesium  chlorostannate  are  very  small  and  diffi¬ 
cult  to  identify,  performance  of  a  spot  test  was 
preferred.  A  small  particle  of  magnesium  metal, 
obtained  by  scraping  with  a  razor  on  the  edge  of 
magnesium  ribbon,  was  introduced  into  the  acid 
solution.  A  small  portion  of  the  reduced  solu¬ 
tion  was  immediately  transferred  to  a  strip  of 
ammonium  phosphomolybdate  test  paper  (7). 
The  blue  spot  was  observed  with  the  use  of  the 
general  room  illumination  and  a  magnification  of 
28  diameters. 

Isolation  and  Confirmation  of  Lead.  The 
nitric  acid  solution  of  the  sulfides  of  the  copper 
group  was  evaporated  to  dryness  on  the  steam 
bath,  the  residue  was  treated  with  0.015  cu.  mm. 
of  6  M  sulfuric  acid,  and  the  volume  of  the  lead 
sulfate  was  estimated.  The  solution  was  trans¬ 
ferred  to  another  centrifuge  cone,  and  the  precipi¬ 
tate  was  washed  once  with  0.005  cu.  mm.  of  0.6  M 
sulfuric  acid,  which  was  then  added  to  the  cen¬ 
trifugate  containing  bismuth,  copper,  and 
cadmium. 

The  lead  sulfate  was  dissolved  by  adding 
0.02  cu.  mm.  of  3  M  ammonium  acetate  and 
stirring.  To  the  solution  was  added  3  M 
sodium  chromate  in  small  portions  until 
yellow  coloration  of  the  solution  indicated 
an  excess  of  the  reagent.  The  lead  chromate 
was  collected  by  means  of  the  centrifuge,  and  its  volume  was 
estimated. 

Isolation  of  Bismuth.  The  capillary  cone  with  the  centrifu¬ 
gate  from  the  lead  sulfate  was  transferred  to  a  dry  chamber,  and 
the  solution  was  treated  with  small  portions  of  concentrated 
ammonia  until  a  white  precipitate  could  be  perceived  with 
reflected  light.  Then  0.005  cu.  mm.  more  of  the  ammonia  was 
added,  and  the  mixture  was  heated  for  15  seconds  at  90°  C. 
after  being  sealed  into  a  capillary.  After  centrifuging,  the 
capillary  cone  was  transferred  to  a  moist  chamber  for  the  deter¬ 
mination  of  the  volume  of  bismuth  hydroxide. 

Because  of  the  transparent  appearance  of  the  precipitate,  the 
removal  of  the  supernatant  solution  and  washing  of  the  precipi¬ 
tate  with  0.01  cu.  mm.  of  1  M  ammonia  were  observed  with  re¬ 
flected  light.  The  washing  was  combined  with  the  centrifugate 
containing  copper  and  cadmium. 

Confirmatory  Test  for  Bismuth.  The  bismuth  hydroxide  was 
dissolved  in  0.005  cu.  mm.  of  3  M  hydrochloric  acid.  Parts  of 
the  solution  were  used  for  performance  of  the  cesium  and  quinine 
iodobismuthite  tests  (3)  on  the  plateau  of  the  condenser  rod. 

Isolation  of  Copper.  The  copper  may  be  separated  from 
cadmium  by  precipitation  as  cuprous  thiocyanate.  This  method 
was  successfully  applied  to  the  analysis  of  centigram  and  milli¬ 
gram  samples  (-5,  10).  In  the  experiments  on  the  microgram 
scale  copper  never  occurred  with  cadmium,  and  it  could  be 
isolated  as  the  sulfide.  The  volume  of  the  sulfide  precipitate 
served  for  estimation  of  the  quantity  of  copper. 

Confirmatory  Test  for  Copper.  The  copper  sulfide  was  treated 
with  0.02  cu.  mm.  of  3  M  nitric  acid,  the  mixture  was  evaporated 
to  dryness,  and  the  residue  was  stirred  with  0.015  cu.  mm.  of 
water.  After  centrifuging,  half  of  the  clear  solution  was  trans¬ 
ferred  to  the  plateau  of  a  condenser  rod  and  tested  with  salicyl- 
aldoxime  (3).  The  rest  of  the  solution  was  treated  on  a  plateau 
with  a  somewhat  larger  volume  of  a  saturated  solution  of  potas¬ 
sium  ferrocyanide.  The  brown  precipitate  of  copper  ferro- 
cyanide  was  observed  with  a  magnification  of  60  diameters. 

Isolation  of  Cadmium.  The  ammoniacal  centrifugate  from 
the  bismuth  hydroxide  was  treated  with  0.005  cu.  mm.  of  10  per 
cent  potassium  cyanide.  The  clear  solution  was  then  saturated 
with  hydrogen  sulfide,  heated  at  65°  C.  for  about  20  seconds, 
agitated  with  the  buzzer,  and  centrifuged.  The  volume  of  the 
yellow  cadmium  sulfide  was  determined. 

Confirmatory  Test  for  Cadmium.  After  removal  of  the  centrifu¬ 
gate  the  cadmium  sulfide  was  washed  once  with  0.02  cu.  mm. 
of  water  and  then  dissolved  in  0.015  cu.  mm.  of  6  M  sulfuric 
acid.  The  mixture  was  briefly  heated  on  the  steam  bath.  After 
centrifuging,  the  clear  solution  was  transferred  to  another  capil¬ 
lary  cone  and  treated  with  an  approximately  equal  volume  of 
buffer  solution  containing  10  grams  of  Rochelle  salt  and  0.1  ml. 
of  glacial  acetic  acid  in  100  ml.  Homogeneity  was  obtained  by 
stirring  with  the  pipet.  Approximately  0.015  cu.  mm.  of  the 
solution  was  transferred  to  a  strip  of  paper  treated  with  Cadion 
3B  reagent  (3,  6).  After  the  solution  had  evaporated  on  the 
paper,  0.01  cu.  mm.  of  a  solution  consisting  of  4  volumes  of  2  M 
sodium  hydroxide  and  1  volume  of  ethyl  alcohol  was  added. 
The  pink  coloration  produced  by  the  lake  of  the  dye  with  the 
cadmium  hydroxide  was  distinctly  visible  with  reflected  light. 
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Results 

Application  of  the  technique  and  scheme  of  analysis  to  sam¬ 
ples  of  approximately  1-microgram  mass  revealed  the  qualita¬ 
tive  composition  in  each  instance.  The  reliability  of  the  esti¬ 
mation  of  quantities  may  be  derived  from  the  following  three 
examples. 

In  0.01  cu.  mm.  of  a  solution  containing  0.1  microgram  each  of 
the  ions  copper,  arsenic,  antimony,  and  tin  were  found:  0.1 
microgram  of  copper,  0.06  microgram  of  arsenic,  0.1  microgram 
of  antimony,  and  0.24  microgram  of  tin. 

In  0.01  cu.  mm.  of  a  solution  containing  0.1  microgram  each  of 
mercuric  mercury,  lead,  bismuth,  cadmium,  and  antimony  were 
found:  0.1  microgram  each  of  mercury,  lead,  bismuth,  and  anti¬ 
mony,  and  0.8  microgram  of  cadmium. 

In  1  microgram  of  Wood’s  alloy  containing  0.5  microgram  of 
bismuth,  0.2  microgram  of  lead,  0.125  microgram  of  tin,  and 
0.125  microgram  of  cadmium  were  found:  10  microgram  of  bis¬ 
muth,  0.4  microgram  of  lead,  0.1  microgram  of  tin,  and  0.1  micro- 
gram  of  cadmium. 

The  most  glaring  mistakes  were  committed  in  the  estima¬ 
tions  of  bismuth  and  cadmium,  and  in  both  instances  the  rea¬ 
son  must  be  sought  in  the  poor  reproducibility  of  the  volumes 
of  gelatinous  precipitates  of  bismuth  hydroxide  and  cadmium 
sulfide.  The  trouble  might  be  overcome  by  converting  the 
bismuth  hydroxide  to  metallic  bismuth  and  the  cadmium  sul¬ 
fide  to  cadmium-thiourea  Reineckate  (11).  The  determina¬ 


tion  of  the  volume  and  consequently  the  mass  of  the  alloy 
may  easily  be  affected  with  an  uncertainty  of  =*=  50  per  cent. 
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A  PREVIOUS  report  covering  the  recommended  specifi¬ 
cations  for  the  apparatus  for  the  determination  of  car¬ 
bon-hydrogen  and  Dumas  nitrogen  (/)  states  the  purpose  and 
aims  of  the  work  and  gives  the  bibliography  from  which  much 
of  the  information  was  obtained.  The  present  report  is  a  con¬ 
tinuation  of  the  same  work  with  regard  to  the  apparatus  for 
microchemical  analysis.  This  present  report  was  approved 
by  the  members  of  the  Division  of  Analytical  and  Micro 
Chemistry  after  its  presentation  at  Buffalo  in  September, 
1942.  It  has  also  been  approved  by  a  special  committee  of 
the  Scientific  Apparatus  Makers  of  America,  appointed  by 
John  M.  Roberts,  president,  which  consisted  of  J.  J.  Moran, 
chairman,  A.  A.  Kelm,  L.  D.  Wilson,  W.  B.  Warren,  and  J.  E. 
Patterson.  The  specifications  reported  here,  having  been 
approved  by  this  committee,  have  thus  received  the  approval 
of  the  Scientific  Apparatus  Makers.  With  the  acceptance  of 
these  recommended  specifications  by  this  organization  and 
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Figure  4.  Porcelain  Filter 
Crucible  and  Ignition  Dish 


with  the  approval  of  the  Division  of  Analytical  and  Micro 
Chemistry,  the  Committee  on  Standard  Apparatus  of  the 
American  Chemical  Society  advocated  their  publication. 

An  examination  of  the  drawings  shows  that  certain  of  the 
dimensions  are  theoretically  and  experimentally  critical, 
while  others  could  be  varied  over  wide  limits.  However,  many 
of  these  dimensions,  which  may  not  in  themselves  be  critical, 
can  be  accurately  controlled  in  the  manufacturing  process 
without  inconvenience.  For  this  reason,  all  the  dimensions  on 
the  drawings  are  given  with  specified  limits  which  have  been 
agreed  upon  by  both  the  manufacturers  and  the  microchem¬ 
ists.  We  have  been  unable  to  describe  specifically  certain 
factors,  such  as  the  porosity  of  the  sintered  porcelain  and  glass 
apparatus.  Therefore,  we  must  rely  upon  the  manufacturers 
to  control  these  within  the  limits  necessary  to  be  satisfactory. 

The  drawings  which  accompany  this  report  are  not  repro¬ 
duced  here  in  full  size.  Copies  of  the  full-size  drawings  may 
be  obtained  at  a  nominal  cost  from  the  office  of  the  Scientific 
Apparatus  Makers  of  America,  20  North  Wacker  Drive, 
Chicago,  Ill. 


Part  III.  Sulfur 

The  following  units  were  considered  by  the  committee  as 
requiring  specifications: 

Filter  stick  (Figure  1) 

Crucible  (Figure  2) 

Glass  crucible  holder  (Figure  3) 

Filter  crucible  and  ignition  dish  (Figure  4) 

Crucible  filter  assembly  (Figure  5) 

Siphon,  receiver,  and  inner  container  for  barium  sulfate 
filtration  (Figure  6) 

Glass  dome  and  metal  crucible  desiccator  (Figure  7) 

Micro  evaporating  dish  for  sulfur  bomb  determination  (Figure 

8) 

Platinum  microware  for  both  halogen  and  sulfur  determina¬ 
tions  (Figure  9) 


Figure  5.  Crucible  Filter  Assembly 
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Figure  6.  Siphon,  Receiver,  and  Inner  Container  for  Barium 

Sulfate  Filtration 


Figure  8.  Micro  Evaporating  Dish  for  Sulfur  Bomb 
Determination 


Figure  7.  Glass  Dome  and  Metal 
Crucible  Desiccator 
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Figure  9.  Platinum  Microware  for  Halogen  and  Sulfur  Determinations 


March  15,  1943 


ANALYTICAL  EDITION 


233 


ca- 


Figure  10.  Air  Filter 


Part  IV.  Halogen 

For  the  determination  of  halogens, 
the  committee  considered  the  following 
specifications  necessary: 

Air  filter  (Figure  10) 

Weighing  tube  (Figure  11) 

Weighing  tube  with  cap  (Figure  12) 
Snipe  feather  (Figure  13) 

Combustion  tube  (Figure  14) 

Filter  tube  (Figure  15) 

Filtration  assembly  (Figure  16) 
Graduated  wash  bottle  (Figure  17) 
Sintered-glass  funnel  (Figure  18) 
Large-size  glass  test  tube  for  metal 
microbomb  (Figure  19) 
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Figure  12.  Weighing  Tube 
with  Cap 
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Figure  13.  Snipe  Feather 
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Figure  14.  Combustion  Tube 
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Figure  17.  Graduated  Wash  Bottle 


Figure  19.  Large-Size  Glass 
Test  Tube  for  Metal  Micro¬ 
bomb 
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The  Viscosity  of  Pitches 

W.  F.  FAIR,  JR.  Mellon  Institute,  AND  E.  W.  YOLKMANN,  Koppers  Company,  Pittsburgh,  Penna. 


The  viscosities  of  the  less  fluid  bitumi¬ 
nous  materials  are  usually  determined  at 
elevated  temperatures,  under  which  condi¬ 
tions  the  consistencies  may  be  convenient 
for  estimation  with  empirical  or  capillary- 
type  viscometers.  To  determine  the  vis¬ 
cosity  of  such  materials  at  lower  tempera¬ 
tures  a  simplified  falling  coaxial  cylinder 
viscometer  was  devised,  following  the  recom¬ 
mendations  of  Traxler  and  co-workers. 
Results  obtained  for  a  group  of  pitches  indi¬ 
cate  that  these  pitches  exhibit  viscous  flow 


THE  absolute  viscosities  of  tars  and  pitches  may  be 
readily  determined  at  different  temperatures  by  means 
of  capillary  rise  viscometers  as  shown  by  Volkmann,  Rhodes, 
and  Work  ( 6 ),  and  the  change  in  viscosity  with  temperature 
thereby  studied.  However,,  the  practical  use  of  this  method 
is  restricted  to  temperature  ranges  in  which  the  bituminous 
material  under  investigation  is  fluid  enough  to  exhibit  a 
measurable  rise  in  a  reasonable  period  of  time,  corresponding 
roughly  to  temperatures  above  the  ring  and  ball  softening 
point  of  the  material.  As  a  linear  relation  between  log  log 
viscosity  and  log  absolute  temperature  has  been  found  to 
hold  for  tars  and  pitches  in  this  temperature  interval  by 
Rhodes,  Volkmann,  and  Barker  (3),  confirming  the  earlier 
work  of  Ubbelohde  and  associates  (5),  it  has  been  thought 
that  viscosities  at  lower  temperatures  might  be  estimated  by 
extrapolation  of  curves  based  on  results  obtained  at  the 
higher  temperatures.  The  slope  of  this  linear  curve  fur¬ 
nishes  a  convenient  numerical  reference  for  temperature 
susceptibility. 

Because  the  normal  use  of  many  tars  and  pitches  depends 
upon  their  properties  at  much  lower  temperatures  than  the 
ones  at  which  the  capillary  rise  method  can  be  applied,  it 
was  determined  to  try  to  investigate  the  viscosities  of  these 
materials  at  lower  temperatures  by  some  other  method,  if 
possible,  to  determine  whether  or  not  the  extrapolated  vis¬ 
cosity  values  were  of  the  correct  order  of  magnitude. 

After  some  time  spent  on  studying  the  various  methods 
which  might  give  reliable  results,  it  was  decided  to  employ  a 
simplified  falling  coaxial  cylinder  viscometer,  such  as  has  been 
described  by  Traxler  and  Schweyer  (4). 


at  25.0°  C.,  and  have  better  temperature 
susceptibilities  below  their  softening  points 
than  at  higher  temperatures.  Viscosities 
calculated  from  the  Saal  viscosity-penetra¬ 
tion  relation  do  not  agree  with  the  results 
obtained  with  the  falling  cylinder  viscom¬ 
eter. 

Similar  studies  on  a  special  pitch  distil¬ 
late  demonstrate  that  this  material  changes 
upon  standing  with  progressive  increase  in 
apparent  viscosity  and  probable  develop¬ 
ment  of  yield  values. 


Two  instruments  were  made,  one  of  brass,  B,  and  one  of 
aluminum,  A;  each  set  of  cylinders  rested  upon  a  base  equipped 
with  detachable  rods,  upon  which  additional  weights  might  be 
suspended,  so  that  a  wide  range  of  weights  could  be  used,  and 
the  material  under  examination  thus  subjected  to  widely  differ¬ 
ing  stresses.  The  apparatus  had  the  following  dimensions:  the 
height,  L,  of  both  inner  and  outer  cylinders,  was  2.54  cm.,  the 
inner  radius,  R,  of  the  outer  cylinder  was  1.905  cm.,  and  the 
radius,  r,  of  the  inner  cylinder  was  1.270  cm.,  as  recommended  by 
Traxler  and  Schweyer.  The  low-weight  aluminum  cylinder  was 
used  when  the  effects  of  relatively  lower  shearing  stresses  were 
being  studied. 

To  make  a  determination,  the  space  between  the  two  con¬ 
centric  cylinders  was  filled  with  the  molten  pitch,  which  was 
allowed  to  cool  to  room  temperature,  then  the  excess  material 
was  trimmed  off  with  a  hot  spatula,  and  the  instrument  was  sus¬ 
pended  in  a  constant-temperature  bath.  The  viscometer 
assembly  was  placed  upon  a  stand  which  supported  the  outside 
cylinder  only,  thus  allowing  the  inner  cylinder  to  fall  at  a  slow 
rate,  depending  upon  the  nature  of  the  material  in  the  annular 
space,  and  the  total  weight  of  the  inner  cylinder,  stem,  and  base, 
plus  any  suspended  additional  weights.  The  drop  of  this  inner 
cylinder  was  observed  by  following  a  mark  near  the  top  of  the 
upright  stem  attached  through  the  inner  cylinder  to  the  base, 
by  means  of  a  micrometer  microscope. 

In  Figure  1  are  shown  the  filled  B  set  of  cylinders,  three 
weights,  two  rods,  the  A  set  of  cylinders,  and  the  stem.  In 
Figure  2  the  viscometer  is  illustrated  fully  assembled  but 
supported  by  a  wire  attached  to  the  top  of  the  stem  to  pre¬ 
vent  any  movement  while  the  sample  is  coming  to  tempera¬ 
ture.  In  Figure  3  the  viscometer  is  presented  as  it  appears 
while  a  determination  is  being  made,  with  the  inner  cylinder 
and  attached  base  and  stem  free  to  fall. 

After  observing  the  distance,  h,  in  centimeters,  through 
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Table  I.  Softening  Points 


Sample 


Softening  Point 
(Ring  and  Ball) 
°  C. 


1 

2 

3 

20 

4 

5 


53.4 

55.1 

52.2 
56.8 
56.0 
57.0 


which  the  inner  cylinder  dropped  in  t  seconds,  under  the  in¬ 
fluence  of  total  weight,  W,  in  grams,  the  viscosity  is  calculated 
by  substituting  in  the  following  equation : 

For  the  specified  dimensions  of  the  instrument  described 
above,  this  expression  reduces  to 

V  =  (0.4055)  (61.466)  ^  =  25.0 

From  this  formula  the  apparent  viscosity  for  any  given 
weight  may  be  calculated.  If  the  material  being  examined 
exhibits  truly  viscous  flow,  the  viscosity  will  be  constant, 
independent  of  the  weight  used;  but  if  the  material  is  non- 
viscous,  the  apparent  viscosity  will  increase  with  decreasing 
weights.  For  this  reason  it  is  of  value  to  know  the  shearing 
stress  and  the  rate  of  shear,  for  a  graph  showing  these  func¬ 
tions  indicates  the  apparent  viscosity  and  the  yield  value.  If 
the  material  exhibits  viscous  flow,  the  curve  will  be  a  straight 
line  directed  toward  the  origin. 

These  values  may  be  calculated  according  to  the  following 
equations: 

Shearing  stress,  F  =  ^  =  16.1  X  W 

Average  rate  of  shear,  ^  ^  (R  —  r)  =  (0.635) 


Figure  1.  Cylinders,  Weights,  Rods,  and  Stem 


Five  different  coal-tar  pitches  were  obtained  for  measure¬ 
ment  of  viscosity  in  this  apparatus  and  a  sixth  pitch,  No.  20, 
was  prepared  by  distilling  heavy  water-gas  tar  in  the  labora¬ 
tory.  Their  softening  points  (ring  and  ball)  are  given  in 
Table  I. 

In  Table  II  are  set  forth  the  experimental  observations  and 
calculated  results  for  the  viscosity,  shearing  stress,  and  the 
rate  of  shear,  as  determined  at  25°  C.  for  these  pitches.  In¬ 
spection  of  this  tabulation  shows  that  reproducible  results 
have  been  obtained,  and  that  these  pitches  have  constant 


Figure  2.  Assembled  Viscometer 


viscosity  at  25°  C.  (within  an  experimental  error  of  about 
5  per  cent)  over  a  wide  range  of  applied  stresses.  In  Figure 
4,  the  respective  shearing  stresses,  F,  are  plotted  against 


the  corresponding  rates  of  shear 


inspection  of  these 


curves  clearly  indicates  that  these  pitches  exhibit  truly 
viscous  flow  at  25°  C. 

The  linear  curves  obtained  by  plotting  stress  against  rate 
of  shear  in  all  cases  may  be  extrapolated  to  the  origin,  thus 
emphasizing  the  purely  viscous  nature  of  these  materials. 

To  obtain  a  rough  evaluation  of  the  temperature  suscepti¬ 
bility  of  these  pitches  at  low  temperatures  it  was  decided  to 


Table  II.  Viscosity,  Shearing  Stress,  and  Rate  of  Shear 


Sample 

w 

Drop 

Time 

Grams 

Mm. 

Sec. 

5 

87.0 

1.32 

3600 

169.3 

1.77 

2519 

216.8 

1.80 

1990 

300.3 

2.52 

2033 

435.1 

1.91 

1051 

Av. 

20 

87.0 

1.83 

2498 

169.3 

2.47 

1739 

216.8 

2.76 

1392 

300.3 

3.21 

1202 

435.1 

5.03 

1318 

442.4 

4.83 

1335 

Av. 

4 

87.0 

1.64 

3635 

169.3 

2.49 

2842 

216.8 

3.06 

2622 

300.3 

3.95 

2565 

435.1 

3.06 

1319 

Av. 

2 

87.0 

3.76 

3643 

170.5 

4.69 

2269 

217.5 

3.98 

1466 

300.6 

5.34 

1431 

435.3 

5.91 

1104 

Av. 

i 

87.0 

3.72 

2751 

170.5 

4.36 

1656 

217.5 

4.15 

1188 

300.6 

5.48 

1158 

435.3 

6.39 

909 

Av. 

3 

87.0 

1.19 

1553 

217.5 

2.60 

1284 

Av. 

dv/dr 

Viscosity 

Poises 

F 

X  105 

5.94  X  10’ 

1400 

2.34 

6.02 

2730 

4.56 

6.03 

3500 

5.84 

5.89 

4830 

8.19 

5.99 

5.95  X  107 

7000 

11.7 

2.96  X  107 

1400 

4.73 

2.98 

2730 

9.18 

2.73 

3500 

12.9 

2.82 

4830 

17.1 

2.84 

7000 

24.7 

3.05 

2.89  X  107 

7100 

23.6 

4.82  X  107 

1400 

2.90 

4.83 

2730 

5.66 

4.65 

3500 

7.55 

4.84 

4830 

10.0 

4.69 

4.77  X  107 

7000 

14.9 

2.11  X  107 

1400 

6.64 

2.13 

2740 

12.9 

2.01 

3510 

17.5 

2.01 

4830 

24.0 

2.07 

2.07  X  10’ 

7000 

33.8 

1.61  X  107 

1400 

8.70 

1.63 

2740 

16.8 

1.57 

3510 

22.3 

1.59 

4830 

30.4 

1.55 

1.59  X  107 

7000 

45.1 

2.84  X  107 

1400 

4.93 

2.69 

2.77  X  107 

3510 

13.1 
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Table  III.  Temperature  Susceptibility 


Softening 

Viscosity  at 

Viscosity 

Sample 

Point 

Softening  Point 

at  25°  C. 

S 

°  C. 

Centistokes 

Centistokes 

5 

57.0 

1  X  10« 

4.68  X  109 

1.04 

20 

56.8 

1  X  10' 

2.33  X  109 

0.98 

3 

52.2 

1  X  10« 

2.25  X  109 

1.12 

4 

56.0 

1  X  10' 

4.00  X  109 

1.05 

2 

55.1 

1  X  10' 

1.67  X  10' 

0.99 

1 

53.4 

1  X  10' 

1.30  X  109 

1.02 

convert  the  above  viscosities  to  kinematic  viscosity  at 
25°  C.  and  use  the  approximate  relation  of  a  viscosity  of 
1  X  106  centistokes  at  the  temperature  of  the  ring  and  ball 
softening  point.  The  values  for  the  temperature  suscepti¬ 
bility  thus  obtained  are  given  in  Table  III.  These  values  are 
the  slopes  of  the  straight  lines  obtained  by  plotting  log  log 
viscosity  against  log  absolute  temperature  in  each  case. 


Figure  3.  Viscometer 


With  the  exception  of  pitches  3  and  20,  these  values  are 
somewhat  lower  than  has  previously  been  generally  found  for 
similar  tars,  where  the  calculation  of  the  temperature  sus¬ 
ceptibility  was  based  upon  viscosity  determinations  made  at 
higher  temperatures.  Assuming  the  softening  point  relation 
to  be  sufficiently  accurate  for  these  considerations,  it  is  ob¬ 
vious  that  either  the  viscosity  as  above  measured  is  incor¬ 
rect,  or  the  temperature  susceptibility  of  these  pitches  at 
low  temperatures  is  better  than  has  been 
generally  believed. 

In  continuing  this  investigation  it  was  de¬ 
cided  to  determine  the  viscosity  coefficients  for 
some  of  these  pitches  at  different  temperatures 
by  the  more  reliable  falling  cylinder  and  capil¬ 
lary  rise  methods.  Typical  results,  converted 
to  centistokes,  are  summarized  in  Table  IV. 

From  these  findings  it  appears  by  indirect  com¬ 
parison  that  the  falling  cylinder  viscometer 
gives  values  comparable  to  results  obtained  by 
the  small  capillary  rise  instrument.  Some  time 
after  these  determinations  had  been  completed  an 
open-end  rotating  cylinder  viscometer  as  de¬ 
vised  by  Ford  and  Arabian  ( 1 )  was  available. 


Results  with  this  instrument  agreed  well  with  the  coaxial 
viscometer  referred  to.  The  temperature  susceptibility  of 
these  pitches  at  low  temperatures  thus  appears  to  be  better 
(lower)  than  has  been  previously  suspected.  If  log  log  vis¬ 
cosity  is  plotted  against  log  absolute  temperature  over  the 
intervals  discussed,  it  appears  (Figures  5  and  6)  that  for  two 
typical  pitches  the  temperature  susceptibility  below  the 
softening  point  is  lower  than  it  is  above  that  temperature. 
Included  for  comparison  (Figure  7)  is  a  curve  based  on 
Pochettino’s  results  roughly  converted  to  centistokes  (taken 
from  2 ),  which  also  seems  to  indicate  a  break  in  the  curve 
near  the  softening  point  region,  but  in  the  opposite  direction 
than  was  found  for  the  two  pitches  discussed  above;  in  other 
words,  this  pitch  showed  a  poorer  susceptibility  at  low  tempera¬ 
tures  than  at  high  temperatures,  which  is  just  the  reverse  of 
the  results  found  for  the  pitches  here  described.  It  is  be¬ 
lieved  that  the  results  described  truly  represent  changes  in 
susceptibility  occurring  in  the  general  region  of  the  softening 
point  a«nd  are  not  due  to  instrumental  differences,  since  the 
results  of  Table  IV  indicate  that  viscosity  measurements 


Table  IV.  Viscosity 


Tempera¬ 

Tempera¬ 

Sample 

ture 

Method 

Viscosity 

ture 

Method 

Viscosity 

0  C. 

Centistokes 

°  C.  . 

Centistokes 

5 

25 

Cylinder 

4.68  X  10' 

35 

Cylinder 

2.0  X  10' 

45 

Cylinder 

1.55  X  109 

45.1 

Large 

capillary 

1.46  X  10’ 

55 

Small 

55 

Large 

capillary 

1.43  X  10' 

capillary 

1.51  X  10' 

70 

Small 

85 

Small 

capillary 

6.84  X  10' 

capillary 

7.81  X  10' 

20 

25 

Cylinder 

2.33  X  109 

35 

Cylinder 

1.50  X  10' 

45 

Cylinder 

1.40  X  10’ 

35 

Large 

capillary 

1.63  X  10' 

70 

Small 

85 

Small 

capillary 

1.23  X  10' 

capillary 

1.55  X  10' 
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made  by  the  capillary  and  falling  cylinder  viscometers  are  in 
agreement. 

Penetration  measurements  were  made  for  these  pitches 
and  viscosity  results  were  then  calculated  by  the  Saal  relation. 
The  results  were  much  lower  than  were  reported  above,  but 
the  ratio  of  the  viscosity  determined  by  the  falling  cylinder  to 
that  calculated  by  the  Saal  formula  seemed  to  decrease  with 
increasing  penetrations,  as  shown  in  Table  V. 


Sample 

Table  V. 

Penetration 

Viscosity 

Viscosity  by 
Cylinder, 

25°  C. 

Ratio  of 
Viscosities 

i 

27.3 

Poises 

1.59  X  107 

1.78 

2 

25.2 

2.07 

2.00 

3 

22.9 

2.77 

2.25 

20 

22.7 

2.89 

2.28 

4 

18.4 

4.77 

2.47 

5 

16.1 

2.95 

2.44 

To  learn  whether  or  not  the  ratio  of  these  viscosities  might 
approach  unity  for  softer  pitches,  as  seems  to  be  indicated, 
several  pitches  of  lower  softening  points  were  prepared  and 
investigated.  The  results  obtained  will  be  given  in  a  subse¬ 
quent  paper. 

As  these  results  agreed  well  with  earlier  reports  concerning 
the  viscous  flow  of  pitches,  it  was  decided  to  investigate,  as  a 
possible  interesting  contrast,  the  flow  properties  of  a  high- 
boiling  pitch  distillate,  which  is  in  the  state  of  a  soft  paste  at. 
room  temperature.  Previously  empirical  investigations  had 
indicated  the  probability  of  anomalous  flow  for  this  material. 
Viscosity  determinations  were  therefore  made  at  25°  C., 
using  the  falling  coaxial  cylinder  viscometer  described  pre¬ 
viously. 

At  first  the  results  for  pitch  distillate,  with  a  softening  point 
(ring  and  ball)  of  approximately  43.0°  C.,  were  rather  scat¬ 
tered,  but  later,  when  standard  test  procedures  were  arbitrar¬ 
ily  adopted,  and  strictly  adhered  to,  better  agreement  was 
obtained.  A  summary  of  the  preparations,  test  procedures, 
and  the  experimental  data  is  given  in  Table  VI,  and  the  stress- 
rate  of  shear  curves  is  presented  in  Figure  8.  Comments  on 
these  flow  properties  have  been  included  with  each  set  of 
determinations. 

From  these  results  it  is  obvious  that  the  flow  properties  of 
pitch  distillate  will  depend  upon  its  previous  treatment,  and 
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upon  the  stresses  to  which  it 
is  subjected,  as  well  as  upon 
intermediate  fluctuations  in 
temperature,  in  all  of  which 
factors  this  distillate  differs 
from  residual  straight-dis¬ 
tilled  tars  and  pitches. 

Conclusions 

In  consequence  of  this  in¬ 
vestigation  it  is  felt  that  the 
falling  cylinder  viscometer 
will  prove  to  be  a  valuable 
tool  for  the  determination 
and  comparison  of  the  rheo¬ 
logical  properties  of  tar 
products.  Some  typical 
pitches  exhibit  viscous  flow 
and  have  better  tempera¬ 
ture  susceptibilities  below 
their  softening  points  than 
has  been  previously  thought 
to  be  the  case  from  con¬ 
siderations  based  upon  ex¬ 
trapolations  from  viscosity 
measurements  at  higher 
temperatures. 

These  tentative  conclu¬ 
sions  may  be  modified  after 
future  research.  It  is  be- 


BLE  VI. 

Summary  of  Data 

W 

Drop 

Time 

Viscosity 

F 

Grams 

Mm. 

Sec. 

Poises 

59.9 

3.95 

739 

0.280  X  10' 

963 

87.0 

4.39 

545 

0.271 

1400 

121.9 

4.74 

423 

0.272 

1960 

217.5 

4.52 

228 

0.275 

0.276  X  10’ 

3510 

217.5 

4.10 

229.3 

0.304  X  10’ 

3510 

87.0 

4.02 

670 

0.364 

1400 

59.9 

3.64 

1030 

0.424 

963 

121.9 

4.57 

491 

0.318 

1960 

Sample 

363-B 

(dehydrated  pitch  distillate,  poured 
at  100°  C.,  in  air  20  minutes,  in 
bath  15  minutes) 

Av. 

363-C 

(363-B,  poured  at  100°  C.,  in  air  16 
hours,  in  bath  15  minutes) 


Increased  apparent  viscosity,  nonviscous  flow,  yield  value  about  350  dynes  per  sq.  cm 

363-D 

(363-B,  poured  at  100°  C.,  cooled,  3 
falls  and  recoveries  in  air,  in  bath  15 
minutes) 

Av. 

Slightly  increased  appare 

363-F 

(363-B,  in  air  16  hours,  then  1  hour 
at  60°  C.  in  oven) 


dr/ dr 
X  10‘ 


34.3 

51.9 

72.0 

128.0 


114.0 

38.6 

22.7 

61.7 


217.5 

4.58 

230.2 

0.273  X 

10’ 

3510 

127.0 

87.0 

4.66 

632 

0.294 

1400 

47.6 

121.9 

4.86 

431 

0.269 

1960 

73.0 

59.9 

4.27 

834 

0.292 
0.282  X 

10’ 

963 

33.0 

viscosity,  small  yield  value  of  about  100  dynes 

per  sq.  cm. 

217.5 

0.0 

3000 

(high) 

3510 

0 

443.4 

0.62 

1591 

2.84  X 

10s 

7120 

2.51 

573.5 

1.37 

1553 

1.63 

9240 

5.65 

363-H-l 

(363-B  in  air  47  hours) 

363-H-2 

(363-H-l  recovered,  and  redeter¬ 
mined) 

Increased  apparent  viscosity  with  time,  decreased  by  “working”,  yield  value  unchanged,  remaining  about  350  dynes 

per  sq.  cm.  (compare  with  363-C) 


217.5 

3.32 

933 

1.53  X  10’ 

3510 

22.9 

87.0 

1.56 

1302 

1.82 

1400 

7.70 

121.9 

3.24 

1222 

1.14 

1960 

17.2 

59.9 

1.76 

1866 

1.59 

963 

6.05 

363-1 


(363-B,  poured  at  100°  C.,  cooled, 

87.0 

1.77 

507 

0.625  X  10’ 

1400 

22.4 

20  minutes  in  oven  at  60°  C.,  then 

217.5 

4.29 

242 

0.308 

3510 

114.0 

determined) 

59.9 

2.79 

846 

0.456 

963 

21.1 

121.9 

5.08 

532 

0.319 

I960 

61.5 

lieved  that  continued  experimentation  along  these  lines 
will  add  materially  to  our  present  knowledge  of  the  flow 
properties  of  tars  and  pitches. 
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Viscosity  of  Coal-Tar  Residues 

Comparison  of  Viscosity  Measurements  and  A.  S.  T.  M.  Penetration  Tests 

W.  F.  FAIR,  JR.,  Mellon  Institute,  AND  E.  W.  VOLKMANN,  Koppers  Company,  Pittsburgh,  Penna. 


The  industrial  chemist  who  examines  the 
asphaltic  and  coal-tar  residues  commonly 
used  for  protective  coatings,  roofing,  and 
waterproofing  purposes  determines  the  ap¬ 
parent  viscosities  of  these  materials  by  the 
A.  S.T.M.  penetration  test.  Many  attempts 
have  been  made  to  correlate  the  results  of 
this  test  with  absolute  viscosity  measure¬ 
ments.  The  formula  established  by  Saal 
has  been  accepted  by  many  investigators  as 
a  reliable  relationship  as  long  as  the  ma¬ 
terials  under  test  do  not  show  anomalous 
flow  properties.  A  theoretical  analysis  of 
the  empirical  formula  confirms  the  validity 


THE  penetrometer  is  the  instrument  commonly  used  in 
commercial  laboratories  for  evaluating  the  flow  char¬ 
acteristics  of  materials  of  high  consistency.  The  equipment 
and  procedure  are  specified  by  the  American  Society  for 
Testing  Materials  (1).  The  test  with  this  instrument  has 
the  advantage  that  the  equipment  needed  is  simple  and  rela¬ 
tively  inexpensive,  and  requires  little  skill  in  its  operation. 
The  disadvantage  of  the  penetration  test  is  its  empirical 
nature.  Results  are  expressed  in  terms  of  decimillimeters 
which  have  no  direct  relation  to  accepted  rheological  units, 
thus  making  it  impossible  to  correlate  penetration  measure¬ 
ments  with  other  consistency  tests. 

In  1933  Saal  and  Koens  (5)  published  the  results  of  an  in¬ 
vestigation  concerning  the  rheological  properties  of  some  as¬ 
phaltic  materials.  On  the  basis  of  tests  conducted  on  two 
steam-distilled  asphalts  they  came  to  the  conclusion  that  in  the 
case  of  “nonplastic  asphaltic  bitumens”  the  relationship  be¬ 
tween  penetration  measurements  and  absolute  viscosity  can  be 
expressed  by 

=  5.9  X  10a 

v  (penetration)1-93 

where  -q  is  viscosity  in  poises  and  penetration  is  expressed  in 
decimillimeters.  This  formula,  known  as  the  Saal  formula,  has 
been  used  by  many  technologists.  Saal  (4)  indicated  that  it  can 
be  partly  derived  from  theoretical  considerations.  Rhodes  and 
Volkmann  (3)  confirmed  this  contention,  proceeding  from  differ¬ 
ent  assumptions. 

Traxler  and  co-workers  (3)  inquired  into  the  validity  of  the 
Saal  formula  by  a  carefully  conducted  study  of  the  rheological 
properties  of  a  series  of  steam-distilled  asphalts  selected  as  most 
closely  approaching  materials  of  normal,  or  Newtonian,  flow 
characteristics.  They  found  that  in  general  a  straight-line  rela¬ 
tionship  resulted  if  the  logarithm  of  viscosity  was  plotted  vs.  the 
logarithm  of  penetration.  Each  asphalt,  howrever,  gave  a  sepa¬ 
rate  line  differing  from  the  line  representing  the  Saal  formula  and 
from  that  of  other  asphalts.  Furthermore,  a  closer  inspection  of 
the  line  resulting  from  connecting  the  experimental  points  for  any 
given  asphalt  showed  that  it  was  actually  a  sinuous  curve  and 
not  a  straight  line.  In  a  discussion  of  Traxler’s  results  Saal  and 
Labout  (6)  insist  that  the  application  of  the  Saal  formula  is 
permissible  only  for  materials  of  a  purely  viscous  character  and 
.intimate  that  Traxler’s  asphalts  do  not  fulfill  this  requirement. 
It  is  not  surprising  that  in  reply  Traxler  (8)  claims  that  “this 
stringent  limitation  of  the  applicability  of  the  relationship  makes 
it  worthless  from  an  industrial  standpoint . ” 


of  its  general  form.  The  results  of  a  num¬ 
ber  of  viscosity  determinations  and  the 
corresponding  penetration  values  of  various 
pitches  exhibiting  viscous  flow  are  presented 
and  correlated  on  double  logarithmic 
coordinate  paper.  The  Saal  formula  seems 
reasonably  reliable  above  penetration  values 
of  about  60  decimillimeters.  Below  this 
value  considerable  deviations  are  apparent. 
This  is  not  surprising,  since  the  standard 
penetration  needle  is  not  a  simple  cylindri¬ 
cal  stem  but  consists  of  a  cylindrical 
shank  with  a  truncated  cone  54  decimilli¬ 
meters  long. 


It  is  probably  correct  to  state  that  most  commercial 
asphalts  exhibit  some  elasticity,  thixotropy,  or  anomalous 
flow  properties.  In  contradistinction  straight-distilled  coal- 
tar  pitches  and  related  materials,  consisting  mainly  of  con¬ 
densed  aromatic  ring  structures,  seem  to  retain  their  normal 
Newtonian  flow  characteristics  over  a  wider  range  of  con¬ 
sistencies  even  upon  aging.  It  seemed  to  the  authors  that 
these  products  should  be  especially  suited  to  check  the 
validity  of  the  Saal  formula;  hence  an  investigation  was 
undertaken  to  determine  whether  in  the  case  of  coal-tar 
pitches  a  definite  relationship  existed  between  penetration 
data  and  absolute  viscosity  measurements  and,  if  this  should 
be  the  case,  to  find  out  whether  the  relationship  could  be 
expressed  adequately  by  the  Saal  formula. 

A  total  of  23  samples  was  selected.  Five  of  these  (group  A) 
were  commercial  coal-tar  pitches  prepared  by  batch-distillation 
of  coke-oven  tar  in  direct-fired  horizontal  stills.  Each  sample 
came  from  a  different  crude  tar.  The  next  four  samples  (group 
B)  were  coal-tar  pitches  prepared  in  the  laboratory  by  distillation 
of  four  different  crude  coke-oven  tars.  A  further  group  (C)  of 
nine  samples  was  obtained  in  the  laboratory  from  one  crude 
coke-oven  tar  by  a  single  distillation,  during  which  pitch-residue 
samples  of  increasing  consistencies  were  withdrawn.  As  some 
of  the  heavy  water-gas  tars  in  their  physical  and  chemical  char¬ 
acteristics  resemble  coke-oven  tars,  five  samples  of  pitches  de¬ 
rived  from  such  water-gas  tars  were  also  tested  (group  D).  They 
wTere  prepared  in  the  laboratory  by  distillation  of  different 
crudes.  Finally,  as  a  matter  of  curiosity,  a  sample  of  pitch  of 
higher  softening  point  was  also  included.  This  pitch  had  a 
penetration  (100  grams,  5  seconds,  25°  C.)  of  1  decimilliineter,  a 
value  below  the  accepted  lower  range  limit  for  the  instrument. 

The  choice  of  samples  for  the  purpose  at  hand  seemed 
appropriate,  particularly  because  Traxler  and  Coombs  (7) 
have  indicated  that  the  presence  and  magnitude  of  anomalous 
flow  properties  of  asphalts  depend  upon  the  source,  the  type 
and  degree  of  processing,  and  the  temperatures  and  rates 
of  shear  at  which  the  measurements  of  flow  are  made.  The 
samples  represent  a  wide  variety  in  source  and  in  the  type 
and  degree  of  processing.  As  the  rate  of  shear  changes  with 
the  depth  of  penetration  and  because  the  consistencies  of 
the  samples  selected  cover  the  whole  practical  range  of  the 
penetrometer,  the  factor  of  rate  of  shear  is  also  varied. 
Furthermore,  a  few  of  the  pitches  (group  A)  used  in  this 
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investigation  have  been  shown  (2)  to  exhibit  normal  flow 
characteristics  at  25°  C.  under  different  stresses. 

There  remains  the  factor  of  temperature.  Inasmuch  as 
the  investigation  has  been  conducted  primarily  to  determine 
whether  penetration  test  results  as  obtained  in  commercial 
testing  laboratories  can  be  converted  into  absolute  viscosity 
units,  and  because  the  penetration  test  is  most  commonly 
conducted  at  25°  C.,  it  was  decided  not  to  vary  the  tem¬ 
perature  and  to  determine  penetration  values  and  absolute 
viscosities  at  25°  C, 

The  penetration  measurements  have  been  made  in  ac¬ 
cordance  with  the  test  procedure  specified  by  the  A.  S.  T.  M. 
(f).  At  least  three  tests  were  run  on  each  material  and  the 
average  was  reported. 


Table  I.  Viscosity 


Penetration 

Calculated 

Sample 

(100  Grams;  5 

Observed 

Viscosity 

No. 

Group 

Seconds,  25°  C.) 

Viscosity 

(Saal  Formula) 

Decimillimeters 

Poises 

Poises 

7 

B 

195 

1.99  X  105 

1.95  X  10® 

12 

C 

186 

2.02  X  105 

2.14  X  105 

11 

C 

185 

2.12  X  105 

2. 16  X  10® 

22 

D 

156 

2.48  X  105 

3.00  X  10® 

8 

B 

154 

2.97  X  105 

3.08  X  10® 

23 

D 

138 

3.74  X  10® 

3.80  X  105 

24 

D 

73.8 

1.41  X  10® 

1.27  X  10® 

13 

C 

69.2 

1.42  X  10« 

1.44  X  10® 

25 

D 

57.5 

2.42  X  10® 

2.06  X  10® 

9 

B 

53.1 

2.51  X  10« 

2.40  X  10® 

14 

C 

36.0 

7.56  X  10® 

5.02  X  10® 

1 

A 

27.3 

1.59  X  10’ 

8.67  X  10® 

2 

A 

25.2 

2.07  X  10’ 

1.01  X  10’ 

10 

B 

23.4 

2.51  X  10’ 

1.17  X  10’ 

3 

A 

22.9 

2.77  X  10’ 

1.22  X  10’ 

20 

D 

22.7 

2.89  X  10’ 

1.24  X  10’ 

15 

C 

19.9 

3.49  X  10’ 

1.60  X  10’ 

4 

A 

18.4 

4.77  X  10’ 

1.86  X  10’ 

5 

A 

16.1 

5.95  X  10’ 

2.40  X  10’ 

16 

C 

14.1 

7.11  X  10’ 

3.11  X  10’ 

17 

C 

9.3 

1.99  X  10® 

6.93  X  10’ 

18 

C 

5.2 

4.28  X  10® 

2.13  X  10® 

19 

C 

3.1 

7.99  X  10® 

5.78  X  10® 

31 

•  • 

1.0 

3.2  X  10» 

3.29  X  10® 

Deviation 

from 

Observed 

Value 

% 

-  2.0 
+  5.9 

-  1.9 
+  21.0 
+  3.7 
+  1.7 

-  9.9 
+  1.4 
-14.8 

-  4.4 
-33.6 
-45.4 
-51.2 
-53.3 
-55.9 
-57.0 
-54.1 
-61.0 
-59.8 
-56.2 
-65.2 
-50.2 
-27.6 
+  2.8 


The  viscosities  have  been  determined  with  the  falling 
coaxial  cylinder  instrument  described  in  a  previous  naDer 
{2). 

The  results  are  presented  in  Table  I  and  Figure  1 .  In  Table 
I  the  materials  are  listed  in  the  sequence  of  their  ascending 
consistencies.  In  the  fifth  column  is  shown  the  viscosity 
calculated  by  the  Saal  formula  from  the  penetration  as 
determined  for  each  sample,  and  in  the  last  column  the 
deviation  of  the  calculated  from  the  observed  viscosity  is 
recorded. 

An  inspection  of  the  values  given  in  the  last  column  shows 
that  for  penetration  readings  of  more  than  50  decimillimeters 
the  data  derived  from  the  Saal  formula  are  in  fair  agreement 
with  the  observed  viscosity  data.  The  greatest  deviation 
is  21  per  cent  and  the  average  deviation  is  6.7  per  cent.  The 
agreement  is  excellent  if  the  residues  of  group  D  are  ex¬ 
cluded— i.  e.,  if  only  residues  of  coal-tar  origin  are  con¬ 
sidered.  In  that  case  the  maximum  deviation  is  only  5.9 
per  cent  and  the  average  deviation  3.2  per  cent. 

But  for  penetration  readings  of  less  than  50  decimillimeters 
there  is  considerable  divergence  between  the  observed 
viscosity  data  and  the  values  derived  from  the  Saal  formula. 
The  experimental  data  with  one  exception  all  seem  to  fall  on 
a  smooth  curve  (see  Figure  1),  indicating  that  the  divergence 
is  caused  not  by  the  appearance  of  anomalous  flow  properties 
but  by  factors  not  considered  in  the  Saal  formula.  In  all 
probability  the  physical  shape  of  the  penetrometer  needle  is 
responsible  for  the  failure  of  the  formula  at  readings  below 
50  decimillimeters.  The  needle  consists  of  a  cylindrical 
shank  with  a  truncated  cone  at  its  lower  extremity.  If, 
in  the  course  of  a  penetration  measurement,  the  needle 
drops  to  a  depth  greater  than  the  length  of  the  truncated 
cone  (5.4  mm.),  the  resistance  to  further  immersion  probably 
is  determined  principally  by  the  cylindrical  shaft.  Under 
those  conditions  a  simple  relationship  between  viscosity 
and  penetration,  such  as  the  Saal  formula,  may  well  hold, 
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Figure  1.  Viscosity  Determinations  with  Falling  Coaxial  Cylinder  Instrument 
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at  least  for  materials  of  the  type  tested.  If,  however,  only 
the  conical  portion  of  the  needle  is  partially  immersed,  con¬ 
ditions  are  much  more  complex  and  the  same  relationship 
cannot  be  expected  to  apply. 

Conclusion 

It  can  be  concluded  that,  in  the  case  of  coal-tar  pitches 
and,  to  a  less  extent,  of  pitches  from  heavy  water-gas  tars, 
there  is  a  definite  relationship  between  standard  A.  S.  T.  M. 
penetration  measurements  (100  grams,  5  seconds  25°  C.) 
and  absolute  viscosity.  This  relationship  is  well  expressed 
by  the  Saal  formula  only  for  penetration  readings  above 
55  decimillimeters.  Below  this  value  the  formula  is  not 
applicable. 
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Determination  of  Benzene 

Detection  and  Estimation  of  Benzene  in  the  Presence  of 
Toluene,  Xylene,  and  Other  Substances 
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THE  known  chemical  methods  for  the  determination  of 
benzene  do  not  appear  to  be  applicable  in  the  presence 
of  its  homologs,  especially  toluene  and  xylene.  The  sulfuric 
acid-formaldehyde  (4),  nickel  cyanide  (7),  dracorubin  (2), 
levulose  (10,  11),  butanone  extraction  (13),  m-dinitro- 
benzene  reduction  (5,  12,  14,  15),  and  Stepanow  colorimetric 
methods  (1)  are  not  specific  for  benzene.  Physical  methods 
for  detection  of  benzene,  such  as  fractionation  or  ultraviolet 
absorption  (8),  likewise  cannot  be  used  to  estimate  the  con¬ 
centration  of  benzene  when  it  is  mixed  with  unknown  con¬ 
centrations  of  other  substances  including  its  homologs. 
The  method  described  below  was  developed  in  order  to 
satisfy  the  need  (6,  8, 9)  of  being  able  to  ascertain  the  presence 
and  concentration  of  benzene  in  mixtures  of  various  materials 
as  it  is  commonly  encountered  in  industry. 

Briefly,  the  method  consists  of  nitration,  extraction  with 
ether,  development  of  color  with  butanone  and  alkali  in 
alcoholic  solution,  elimination  of  the  color  due  to  interfering 
substances  by  the  addition  of  acetic  acid,  and  comparison 
of  the  residual  color. 

Benzene  when  nitrated  in  the  manner  described  below  is 
almost  completely  converted  to  m-dinitrobenzene.  This 
compound  when  treated  with  butanone  and  sodium  hydroxide 
in  alcoholic  solution  produces  a  crimson  color.  Toluene, 
when  similarly  treated,  is  partly  converted  to  the  dinitro 
compound  and  forms  a  blue  color  which  quickly  turns  violet; 
xylene  forms  a  relatively  permanent  deep  blue  color.  After 
addition  of  acetic  acid,  the  color  due  to  benzene  remains; 
the  colors  due  to  toluene  and  xylene  disappear  rapidly. 
No  color  is  generated  with  the  aliphatic  hydrocarbons  and 
their  derivatives  such  as  methanol,  ethanol,  ethyl  acetate, 
isopropyl  alcohol,  butanol,  butyl  acetate,  acetone,  and 


similar  substances  found  in  such  commercial  products  as 
paints,  lacquers,  solvents,  and  thinners. 

Reagents  and  Apparatus 

Nitrating  mixture,  equal  parts  by  volume  of  fuming  nitric  acid, 
specific  gravity  1.49  to  1.50,  and  concentrated  sulfuric  acid, 
specific  gravity  1.84. 

Sodium  hydroxide  aqueous,  1  volume  of  40  per  cent  sodium 
hydroxide  diluted  to  4  volumes  with  distilled  water. 

Sodium  hydroxide  alcoholic  made  by  diluting  1  volume  of  40 
per  cent  sodium  hydroxide  to  10  volumes  with  95  per  cent  alcohol 
and  filtering  just  prior  to  use. 

Acetic  acid,  made  by  diluting  1  volume  of  glacial  acetic  acid  to 
10  volumes  with  95  per  cent  alcohol. 

Butanone  (methyl  ethyl  ketone),  practical  grade. 

Set  of  test  tubes  of  about  50-ml.  capacity.  These  tubes  should 
be  of  the  same  diameter  (2  cm.)  and  equal  transparency.  A 
photoelectric  colorimeter  may  be  used  if  available. 

Pipets  graduated  to  0.01  ml. 

Procedure 

A  0.50-ml.  portion  of  the  solution  to  be  analyzed  is  measured 
into  a  50-ml.  Erlenmeyer  flask.  The  flask  is  placed  in  a  freezing 
mixture  which  consists  of  chopped  ice  and  salt  at  a  temperature  of 
0°  to  —5°  C.  Nitrating  mixture  from  a  buret  is  added  to  the 
solution  at  the  rate  of  2  drops  per  second  while  the  flask  is  rotated. 
After  10  ml.  have  been  added,  the  flask  and  contents  are  removed 
from  the  ice  mixture  and  35  ml.  of  distilled  water  are  added. 

The  resulting  mixture  is  cooled  to  room  temperature  and  the 
nitrated  hydrocarbons  are  extracted  with  ether,  by  shaking  the 
mixture  with  25  ml.  of  ether  in  a  125-ml.  separatory  funnel  and 
repeating  the  extraction  of  the  aqueous  layer  three  times  with  10 
ml.  of  ether  each.  The  ether  layers  are  transferred  into  a  100-ml. 
volumetric  flask.  The  combined  ether  solutions  are  poured  into 
the  separatory  funnel  and  washed  with  10  ml.  of  aqueous  sodium 
hydroxide  reagent,  then  consecutively  with  2  portions  of  10  ml.  of 
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Figure  1.  Rate  of  Color  Development  and  Deterioration 


.distilled  water.  The  washed  ether  solution  is  then  returned  to  the 
100-ml.  flask  and  95  per  cent  ethyl  alcohol  is  added  to  make  a 
total  volume  of  100  ml.  A  10-ml.  aliquot  of  this  solution  is 
pipetted  into  a  50-ml.  volumetric  flask  and  95  per  cent  alcohol 
added  to  the  50-ml.  mark. 

A  10-ml.  portion  of  the  last  solution  is  now  measured  into  one  of 
a  set  of  similar  glass  tubes.  One  or  more  10-ml.  samples  of 
known  concentrations  of  nitrated  benzene  made  as  above  are  also 
measured  into  other  tubes  of  the  set.  To  each  are  added  1.0  ml. 
of  butanone  and  0.50  ml.  of  alcoholic  sodium  hydroxide  reagent. 
The  tubes  are  agitated  and  after  5  minutes  the  colors  are  observed. 
Portions  of  0.50  ml.  of  acetic  acid  reagent  are  now  added  to  each 
tube.  The  tubes  are  again  agitated  and  after  10  minutes  the  color 
is  compared  with  that  of  the  standard  most  closely  approaching 
it  in  intensity. 

The  comparison  may  be  made  as  follows:  A  measured  quantity 
of  alcohol  is  added  from  a  buret  or  pipet  to  the  solution  of  greater 
intensity  until  both  tubes  match  exactly.  If  the  test  solution  has 
a  yellow  tinge,  as  is  found  when  high  concentrations  of  xylene  are 
encountered,  a  dilute  solution  of  sodium  or  potassium  dichromate 
placed  in  back  of  the  tube  containing  the  known  concentration  is 
of  considerable  aid  in  matching  the  two  solutions.  The  quantity 
of  alcohol  added  must  be  taken  into  consideration.  If  after  2.5 
ml.  of  alcohol  have  been  added  to  the  test  solution,  it  matches  the 
standard  containing  the  equivalent  of  10  per  cent  benzene,  the 

1  o  I  c\  r 

concentration  of  benzene  in  the  sample  = - 7~  —  x  10  =  12.1 

1  & 

per  cent. 

As  an  alternative  to  the  above,  which  may  be  called  the  dilution 
method  of  comparison,  a  set  of  standards  of  varying  concentra¬ 
tions  may  be  used.  This  is  known  as  the  standards  method  of 
comparison.  Standards— e.  g.,  12.0,  12.5,  13  per  cent,  etc. — 
may  be  obtained  from  15  or  20  per  cent  benzene  by  diluting  the 
alcoholic  solution  of  nitrated  benzene  with  requisite  volumes  of 
alcohol.  Butanone,  sodium  hydroxide,  and  acetic  acid  reagents 
must  be  added  to  these  standards  at  the  same  time  and  under  the 
same  conditions  as  in  the  case  of  the  solution  whose  benzene  con¬ 
centration  is  to  be  determined. 

The  intensity  of  color  may  be  compared  with  the  aid  of  an  ap¬ 


propriate  colorimeter  such  as  the  Evelyn  photoelectric  colorimeter 
with  filter  No.  620.  Readings  are  taken  on  the  galvanometer 
scale  5  minutes  after  the  sodium  hydroxide  reagent  has  been 
added  (A),  and  again  10  minutes  after  the  acetic  acid  reagent  has 
been  added  ( B ).  The  concentration  of  benzene  is  then  read 
directly  on  a  curve  previously  plotted  as  concentration  of  ben¬ 
zene  vs.  light  transmittance  or  readings  on  the  galvanometer 
scale.  If  the  difference  in  the  two  readings — i.  e.,  B  —  A — is  not 
very  great,  no  correction  is  necessary.  If,  however,  the  difference 
is  considerable,  an  empirically  obtained  correction  is  applied.  If 
the  reading  A  is  0,  the  color  should  be  developed  on  a  more  dilute 
solution.  This  may  be  obtained  by  taking  a  smaller  volume  of 
alcohol-ether  solution — e.  g.,  5  ml.  instead  of  10  ml. — and  adding 
alcohol  to  a  final  volume  of  10  ml.  in  the  test  tube  before  adding 
the  alkali  and  acid  reagents.  This  dilution  must,  of  course,  be 
taken  into  account  in  the  computation. 

The  reference  curve  which  is  used  with  the  photoelectric  color¬ 
imeter  is  plotted  from  the  readings  obtained  on  solutions  of  vary¬ 
ing  known  concentrations  of  benzene.  These  solutions  are  pre¬ 
pared  by  diluting  c.  p.  benzene  with  purified  petroleum  naphtha 
and  treating  them  in  the  manner  described  above  and  under  simi¬ 
lar  conditions. 

The  analysis  need  not  take  more  than  30  minutes.  The 
nitration  takes  about  2  minutes.  The  dilution,  cooling, 
extraction,  and  washing  usually  consume  about  10  minutes, 
since  the  stratification  of  the  ether  and  aqueous  layers  is 
prompt.  Little  more  than  15  minutes  is  required  for  the 
production  of  color  and  the  procurement  of  the  necessary 
data  when  the  photoelectric  colorimeter  is  used.  In  the 
absence  of  a  colorimeter,  the  additional  time  consumed 
in  the  use  of  standards  is  short.  Once  prepared,  the  standard 
solutions  keep  well  when  guarded  from  solvent  evaporation 
by  the  use  of  glass-stoppered  flasks.  They  can  be  used  for 
numerous  analyses,  since  the  withdrawal  of  only  10  ml.  is 
required  for  a  determination. 
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Characteristics  of  Benzene,  Toluene,  and  Xylene 

The  curves  in  Figure  1,  as  well  as  in  Figures  2  and  3,  repre¬ 
sent  data  obtained  by  measuring  with  the  aid  of  a  photo¬ 
electric  colorimeter  (Evelyn  with  filter  No.  620)  the  intensity 
of  color  developed  by  the  procedure  described  above.  All 
readings  were  taken  at  temperatures  24.5°  =*=  0.4°  C. 

Curves  2,  3,  4,  5,  and  7,  when  representing  solutions  in  alkaline 
media  (broken  lines,  5  to  15  minutes  after  sodium  hydroxide  re¬ 
agent,  but  no  acid,  had  been  added)  do  not  reach  their  maxima 
within  15  minutes.  Curves  6  and  8  reach  their  maxima  shortly 
before  5  minutes.  However,  the  rate  of  color  development  which 
is  represented  by  the  ordinates  of  light  transmittance  is  consider¬ 
ably  decreased  at  the  end  of  the  5-minute  period.  The  rate  of 
color  deterioration  in  the  acid  media  is  sufficiently  low  10  minutes 
after  the  acid  has  been  added,  or  at  a  total  of  15  minutes  after 
color  development  was  started,  to  require  no  additional  delay  for 
taking  final  readings. 

Curve  1  in  Figure  1  represents  results  obtained  with  10  ml.  of  a 
solution  of  0.190  gram  of  Eastman  Kodak  m-dinitrobenzene  in 
100  ml.  of  solution  of  95  per  cent  U.  S.  P.  ethyl  alcohol.  Curve 
2  was  derived  from  a  solution  prepared  by  nitrating  0.50  ml.  of 
c.  p.  benzene,  then  adding  2.5  ml.  of  alcohol  to  7.5  ml.  of  its  thou¬ 
sandfold  diluted  alcoholic  solution  and  treating  it  with  butanone, 
alkali,  and  acid,  as  prescribed.  This  solution  contains  an  equiva¬ 
lent  of  75  per  cent  of  benzene.  Curve  3  was  drawn  from  data 
obtained  on  a  solution  composed  of  20  volumes  of  c.  p.  benzene 
diluted  to  100  volumes  with  purified  petroleum  naphtha.  Curve 
5  was  obtained  by  similar  treatment  of  toluene.  Purified  pe¬ 
troleum  naphtha,  in  all  cases,  was  prepared  by  shaking  commer¬ 
cial  petroleum  naphtha  and  benzine  with  100  per  cent  sulfuric 
acid  to  remove  aromatic  hydrocarbons.  The  oil  was  then  washed 
with  distilled  water,  dried  with  anhydrous  potassium  carbonate, 
and  distilled.  Curve  6  was  plotted  with  data  from  15  per  cent  of 
xylene  in  purified  petroleum  naphtha.  Curves  7  and  8  were 
furnished,  respectively,  by  solutions  containing  20  per  cent  ben¬ 
zene  plus  20  per  cent  toluene,  and  20  per  cent  benzene  plus  15 
per  cent  xylene  in  purified  petroleum  naphtha.  In  this  paper  per 
cent  specified  is  by  volume,  unless 
otherwise  stated. 

The  rate  of  color  development  of 
benzene,  when  treated  by  the  above 
procedure,  is  rapid  at  first,  then 
gradually  diminishes.  After  addi¬ 
tion  of  the  acid  reagent  the  color 
remains  the  same,  though  decreased 
somewhat  in  intensity  (curves  2  and 
3,  Figure  1).  The  color  formed  with 
the  solution  of  m-dinitrobenzene 
which  corresponds  in  concentration 
to  that  given  by  100  per  cent  ben¬ 
zene,  if  completely  nitrated  to  m-di- 
nitrobenzene,  shows  the  same  char¬ 
acteristics  (curve  1,  Figure  1).  In 
contrast,  the  color  of  the  toluene 
complex  develops  slowly,  does  not 
reach  the  intensity  produced  by  equal 
concentrations  of  benzene,  and  fades 
rapidly  after  adding  the  acid  reagent 
(curves  4  and  5).  Xylene,  at  a  15 
per  cent  concentration,  almost  in¬ 
stantaneously  exhibits  a  color  nearly 
as  intense  as  75  per  cent  benzene. 

However,  15  seconds  after  adding 
the  acid  reagent,  its  blue  color 
completely  disappeared  (curve  6). 

The  slight  interference  resulting 
from  the  presence  of  toluene  and 
xylene  is  illustrated  by  curves  7  and 
8  in  Figure  1.  In  alkaline  media, 
both  curves  differ  considerably 
from  curve  3,  although  they  all 
contain  20  per  cent  benzene.  After 


the  acid  reagent  is  added,  all  curves  rapidly  assume  the  form 
given  by  20  per  cent  benzene  despite  the  fact  that  one  solution 
contains  20  per  cent  of  toluene  and  another  15  per  cent  of 
xylene  in  addition  to  20  per  cent  of  benzene. 

Varying  concentrations  of  benzene,  toluene,  and  xylene 
produce  different  colors  and  intensities  of  color  when  alkali 
reagent  is  added  to  the  alcoholic  solutions  of  butanone  and 
the  nitrated  compounds.  The  contrast  between  benzene 
on  one  hand  and  toluene  and  xylene  on  the  other  becomes 
much  more  pronounced  after  the  acetic  acid  reagent  is  added. 
This  is  illustrated  in  Figure  2.  The  broken  lines  here  repre¬ 
sent  results  5  minutes  after  the  sodium  hydroxide  reagent  had 
been  added.  The  solid  lines  represent  results  obtained  10 
minutes  after  the  acetic  acid  reagent  had  been  added  or  a 
total  of  15  minutes  after  color  development  had  begun. 
Curves  1  and  3  demonstrate  the  resemblance  of  the  xylene 
to  the  benzene  reaction  when  in  alkaline  media.  This 
resemblance  is  practically  nullified  10  minutes  after  the  acetic 
acid  has  been  added.  Benzene  largely  retains  its  properties — 
i.  e.,  of  an  exponential  curve  y  —  ae~kx  (curve  4,  Figure  2) — 
whereas  the  curves  for  toluene  and  xylene  are  transformed 
into  straight  fines  located  at  the  lower  section  of  the  graph. 

The  concentration  of  either  toluene  or  xylene  can  also  be 
determined  by  this  method,  provided  only  one  of  these  and  no 
benzene  or  other  chromogenic  compound  is  present.  Better 
results,  however,  in  this  case  are  obtained  when  the  color 
comparison  is  made  5  minutes  after  the  sodium  hydroxide  re¬ 
agent  has  been  added,  and  the  broken  fine  curves  in  Figure  2 
are  used. 

Mixtures  of  these  compounds  can  thus  also  be  qualitatively 
ascertained.  A  solution  of  benzene  and  toluene  gwes  a 
purplish  violet  color,  whereas  a  solution  of  benzene  and 
xylene  gives  an  opaque  violet  color.  After  addition  of  the 
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Figure  3.  Reference  Curve  for  Photoelectric  Colorimeter 


acid  reagent  the  crimson  color  gradually  appears  in  the  case 
of  benzene  and  toluene,  whereas  it  almost  immediately 
emerges  in  the  case  of  benzene  and  xylene  solutions.  On 
observation  with  the  unaided  eye,  the  intensity  of  color 
indicates  the  concentration  of  chromogen.  When  the 
photoelectric  colorimeter  is  used,  wide  differences  between 
the  5-  and  15-minute  readings  indicate  high  concentrations 
of  either  toluene  or  xylene  or  both.  The  character  and  posi¬ 
tion  of  a  curve  plotted  as  light  transmittance  vs.  time  will 
indicate  the  concentration  of  either  toluene  or  xylene  or  both. 

Curve  4  of  Figure  2  is  the  reference  curve  mentioned  under 
Procedure  above.  Figure  3  shows  this  curve  broken  up  in 
four  sections  plotted  on  three  different  scales  for  the  abscissa. 
This  was  necessitated  by  the  fact  that  the  constants  a  and  k 
of  the  curve  y  =  ae~kx  are  applicable  for  limited  sections  of 
the  curve.  The  formula  y  —  mx  +  b  or  a  straight-line 
function,  actually  describes  some  sections  of  the  curve  best. 
Furthermore,  the  use  of  the  curves  in  Figure  3  facilitates 
readings  of  benzene  concentrations  with  an  error  no  greater 
than  the  maximum  error  inherent  in  the  manipulations. 
The  complete  curve  is  shown  at  the  lower  right  corner  of 
the  graph.  The  complete  curve  obtained  from  similar  treat¬ 
ment  of  c.  p.  toluene  was  inserted  here  for  comparison.  In 
view  of  the  fact  that  the  benzene  curve  rises  very  sharply — 
i.  e.,  the  difference  in  color  intensity  for  a  given  increment 
of  benzene  is  greater — from  0.01  to  30  per  cent  of  benzene 
this  range  was  plotted  in  the  form  of  three  different  curves. 
The  section  for  25  to  100  per  cent  of  benzene  was  plotted  on 
a  fourth  curve  to  a  scale  coarser  than  that  of  curves  3,  2,  and  1, 
but  finer  than  the  similar  curve  in  Figure  2. 


Checking  of  Method 

In  order  to  ascertain  the  accuracy  of  the  method,  solutions 
containing  different  concentrations  of  benzene  and  other 
substances  were  prepared.  The  results  obtained  are  shown 
in  Tables  I  to  IV. 


Table  I.  Determination  of  Benzene  by  Dilution  Method 
of  Comparison 


•Composition  of  Samples- 


Sample 

No. 

Ben¬ 

zene 

Tolu¬ 

ene 

Xylene 

Other 

Benzene 

Found 

Error 

Error 

1 

75.0 

Volume  per  cent 

25.0 

Vol.  % 

77.0 

Vol.  % 

2.0 

% 

2.7 

2 

50.0 

20.0 

30.0 

50.8 

0.8 

1.6 

3 

40.0 

60.0 

39.8 

-0.2 

0.5 

4 

30.0 

70.0 

30.7 

0.7 

2.3 

5 

25.0 

25.0 

25.0 

Petroleum 

naphtha 

25.0 

24.8 

-0.2 

0.8 

6 

20.0 

80.0 

19.7 

-0.3 

1.5 

7 

10.0 

9o!o 

.  , 

10.0 

0.0 

0.0 

8 

5.00 

95.0 

5.00 

0.0 

0.0 

9 

1.00 

99.0 

1.00 

0.0 

0.0 

10 

1.00 

10.0 

69.0 

Butyl 

acetate 

20.0 

1.04 

0.04 

4.0 

11 

0.25 

52.50 

0.24 

-0.01 

4.0 

12 

0.20 

Ethyl 

acetate 

25.85 

Isobutyl 

alcohol 

21.40 

Petroleum 

naphtha 

99.80 

0.19 

-0.01 

5.0 
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Table  II.  Determination  of  Benzene  by  Standards 
Method  of  Comparison 

(Standards  used:  equivalents  of  1  to  10%  benzene  by  volume) 


. - C< 

imposition  of  Sam 

oles - . 

Petro¬ 

Sample 

Ben¬ 

Tolu¬ 

leum 

Benzene 

No. 

zene 

ene  Xylene 

naphtha 

Found 

Error 

Error 

Volume  per  cent 

Vol.  % 

Vol.  % 

% 

1“ 

50.0 

50.0 

50.0 

0.0 

0.0 

2 » 

40.0 

60.0 

39.0 

-1.0 

2.5 

3° 

30.0 

70.0 

31.0 

1.0 

3.3 

4a 

20.0 

80.0 

20.0 

0.0 

0.0 

5 

10.0 

90.0 

10.0 

0.0 

0.0 

6 

10.0 

9o!o 

9.9 

-0.1 

1.0 

7 

5.00 

95!o 

5.0 

0.0 

0.0 

8 

3.00 

97.0 

2.9 

-0.1 

3.3 

9 

2.00 

98.0 

2.0 

0.0 

0.0 

10 

1.00 

99.0 

1.0 

0.0 

0.0 

11 

1.00 

99.0 

1.05 

0.05 

5.0 

°  Diluted  10  times  with  alcohol  before  comparison. 


The  standards  used  for  visual  comparison  of  the  test  solutions 
in  Table  I  were  those  corresponding  to  0.2,  1.0,  5.0,  10.0,  20.0, 
and  50.0  per  cent  benzene.  The  standard  used  in  each  case  was 
that  most  closely  approaching  in  color  the  test  solution.  In  the 
case  of  Nos.  1,  2,  4,  5,  9,  and  11  a  small  quantity  of  alcohol 
gradually  added  to  the  test  solution  produced  a  color  that 
matched  the  standard.  Alcohol  greater  than  this  quantity  re¬ 
duced  the  intensity  of  color.  The  formula  used  in  these  cases  was 

B  =  — where  B  —  volume  per  cent  of  benzene,  S  =  ben¬ 
zene  concentration  of  standard  used,  and  a  =  ml.  of  alcohol  added 
to  match  the  color  of  the  standard  solution.  In  the  case  of  Nos. 

3,  6,  and  12  the  standards  had  to  be  diluted.  The  formula  used 

12 

in  the  latter  case  was  B  =  — — ; — S. 

12  +  a 

Table  II  illustrates  the  results  obtained  with  test  solutions  com¬ 
pared  by  the  alternative  visual  method  of  standards  comparison. 

A  series  of  standards  corresponding  to  the  range  of  1  to  10  per  cent 
benzene  with  unit  intervals  was  first  used.  The  color  was  then 
reproduced  simultaneously  with  several  standards  of  concentra¬ 
tions  with  increments  corresponding  to  0.1  per  cent  of  benzene 
varying  from  the  standard  most  closely  matching  the  test  solu¬ 
tion.  Whenever  the  concentration  of  the  test  solution  appeared 
to  be  greater  than  10  per  cent  benzene,  the  test  solution  was  di¬ 
luted  tenfold  with  alcohol,  the  color  redeveloped,  and  the  compari¬ 
son  repeated. 

The  determinations  listed  in  Tables  III  and  IV  were  made 
with  the  aid  of  the  graph  in  Figure  3.  The  errors  found  when  dif¬ 
ferences  in  readings  between  the  5-  and  15-minute  intervals  were 
considerable  were  greatly  minimized  by  the  use 

of  empirically  derived  corrections.  The  correc-  _ 

tion  applied  in  Table  IV  as  well  as  the  final  re-  " 

suits  was  multiplied  by  10,  since  the  test  solutions  Table  III. 

were  diluted  tenfold.  The  formula  used  in  com-  _ 

putation  for  the  series  in  Table  III  was  benzene 
%  =  C  —  (B  —  A  —  25)  0.005;  the  formula 
used  for  the  series  in  Table  IV  was  benzene 
%  =  10 [C  -  (B  -  A  -  25)  0.005].  C  is  ben¬ 
zene  per  cent  corresponding  to  reading  B  on  gal¬ 
vanometers.  B  and  A  are  as  given  under  Procedure. 

Accuracy  and  Sensitivity 

The  presence  of  petroleum  naphtha,  ethyl 
acetate,  butyl  acetate,  isobutyl  alcohol,  ace¬ 
tone,  toluene,  and  xylene  did  not  interfere  with 
the  determinations  of  benzene  in  the  experi¬ 
ments  tabulated.  Reasonable  accuracy,  with 
a  mean  error  of  1.6  per  cent,  was  attained 
when  the  intensity  of  color  produced  was 
matched  without  the  aid  of  a  colorimeter. 

Greater  accuracy  was  attained  with  the  aid  of  a 
photoelectric  colorimeter  where  a  mean  error  of 
0.9  per  cent  for  a  similar  range  of  concentra¬ 
tions  was  in  evidence.  Concentrations  less 
than  0.2  per  cent  benzene  could  not  be  de¬ 
termined  with  the  naked  eye,  whereas  concen¬ 
trations  down  to  0.01  per  cent  benzene  could 


be  determined  by  the  use  of  a  photoelectric  colorimeter. 
The  errors  involved  at  concentrations  less  than  0.2  per 
cent  benzene,  however,  were  considerable  and  amounted 
to  10  per  cent  at  0.05  per  cent  benzene  and  more  at  lower 
concentrations. 

The  10-ml.  aliquot  of  solution  used  for  color  development 
represents  0.01  ml.  of  the  sample  of  0.50  ml.  taken  for  analysis 
and  diluted  to  100  X  5.  Since  0.01  per  cent  benzene  can  be 
detected,  the  method  appears  to  be  sensitive  to  1  X  10~6  ml. 
or  8.8  X  10 ~7  mg.  of  benzene.  By  visual  comparison,  in 
the  absence  of  a  photoelectric  colorimeter  or  when  an  error 
above  1  per  cent  is  not  permissible,  the  sensitivity  is  reduced 
to  2  X  10~5  ml.  or  1.8  X  10~5  mg.  of  benzene. 

The  concentration  of  benzene  vapor  in  air  may  be  deter¬ 
mined  by  the  above  method  after  the  vapor  has  been  trans¬ 
formed  from  the  gaseous  to  the  liquid  phase.  This  may 
be  accomplished  by  adsorbing  or  dissolving  the  vapor  in 
petroleum  naphtha  or  alcohol.  The  concentration  of  ben¬ 
zene  in  the  resulting  solution  may  then  be  determined  as 
prescribed.  By  sampling  5  liters  of  air,  as  little  as  1.8  X 
10~5  mg.  per  liter  or  0.0056  part  per  million  of  benzene  in 
air  should  be  possible  of  detection.  Concentrations  of  0.018 
mg.  or  more  of  benzene  per  liter  of  air  (5.6  p.  p.  m.)  can  thus 
be  determined  with  an  error  less  than  1  per  cent  on  a  sample 
of  100  ml.  of  air. 

Greater  accuracy  for  concentrations  lower  than  0.2  per 
cent  benzene  or  0.018  mg.  per  liter  of  air  may  be  obtained 
by  decreasing  the  dilution.  If  the  ether  extract  of  nitrated 
solution  is  diluted  only  to  50  ml.  and  a  10-ml.  aliquot  is  taken 
from  it  for  the  butanone  reaction,  0.02  per  cent,  and  0.018 
mg.  or  more  per  liter  of  air  may  accurately  be  determined 
on  a  sample  of  only  10  ml.  of  air.  Concentrations  down  to  as 
low  as  8.8  X  10~4  mg.  per  liter  of  air  or  0.27  p.  p.  m.  may  be 
detected  on  10-ml.  samples  of  air.  The  significance  of  this 
may  be  realized  when  it  is  perceived  that  numerous  samples 
of  air  may  thus  be  taken  in  a  comparatively  short  time  and 
that  many  small  portable  containers  may  be  used. 

Sources  of  Error 

The  products  formed  on  treating  benzene  with  nitro- 
sulfuric  acid  depend  not  only  on  the  volume  of  acid  used 


Determination  of  Benzene  with  Photoelectric  Colorimeter 

- Composition  of  Samples - -  Benzene  Found 


Sample 

Ben- 

Tolu- 

Petro¬ 

leum 

As  read 
on 

Cor- 

No. 

zene 

ene  Xylene  naphtha 

Volume  per  cent 

Other 

curve  rected 

Vol.  % 

Error 
Vol.  % 

Error 

% 

1 

75.0 

25.0 

75.3 

0.3 

0.4 

2 

50.0 

50.6 

Butyl 

acetate 

50.2 

0.2 

0.4 

3 

5.00 

40.0 

10.0 

5.00 

40.0 

5.08 

4.99 

-0.01 

0.2 

4 

2.00 

50.0 

48.0 

2.29 

2.01 

0.01 

0.5 

5 

1.00 

99.0 

1.12 

0.99 

-0.01 

1.0 

6 

0.250 

52.5 

Ethyl 

acetate 

25.85 

Isobutyl 

alcohol 

21.4 

0.25 

0.00 

0.0 

7 

0.050 

80.0 

4.28 

Butyl 

acetate 

10.50 

Ethyl 

acetate 

5.17 

0.065 

0.055 

0.005 

10.0 

8 

0.010 

0.06 

0.03 

81.9 

4.00 

Butyl 

acetate 

5.00 

Isobutyl 

alcohol 

4.00 

Acetone 

5.00 

0.030 

0.020 

0.01 

100 
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Table  IV.  Detebmination  of  Benzene  with  Photoelectric  Colorimeter 


Dilution  X  10  (10,000  total) 


— Composition 

of  Samples 

Benzene 

Found 

Petro- 

As  read 

Sample 

Ben- 

Tolu- 

leum 

on 

Cor- 

No. 

zene 

ene 

Xylene 

naphtha 

Other 

curve 

rected 

Error 

Error 

Volume  per  cent 

Vol.  % 

Vol.  % 

% 

1 

75.0 

25.0 

7.49 

74.9 

-0.10 

0.1 

2 

50.0 

20.0 

30.0 

5.16 

50.1 

0.10 

0.2 

3 

25.0 

25.0 

25.0 

25.6 

Acetone 

2.67 

24.9 

-0.10 

0.4 

4 

20.0 

80.0 

2.03 

20.3 

0.30 

1.5 

5 

20.0 

40.0 

20.0 

20.6 

2.19 

19.8 

-0.20 

1.0 

6 

10.0 

90.0 

1.00 

10.0 

0.00 

0.0 

7 

10.0 

90.0 

1.21 

9.70 

-0.30 

3.0 

8 

1.00 

85.0 

14.0 

Butyl 

acetate 

0.305 

1.05 

0.05 

5.0 

9 

1.00 

50.0 

10.0 

9.00 

30 

0.250 

1.00 

0.00 

0.0 

and  the  temperature  surrounding  the  solution  but  also  on 
the  rate  of  adding  the  acid.  The  heat  formed  in  the  re¬ 
action  must  be  allowed  sufficient  time  to  dissipate.  Too 
rapid  addition  of  the  nitrating  acid  tends  to  form  undesirable 
by-products  with  a  lower  yield  of  wi-dinitrobenzene. 

m-Dinitrobenzene  is  soluble  in  ether  to  the  extent  of  6.7 
grams  per  100  ml.  at  15°  C.  It  is  soluble  in  water  to  the 
extent  of  0.047  gram  per  100  ml.  at  15°  C.  Although  most 
of  the  nitrated  compound  enters  the  ether  layer  on  extraction, 
some  of  it  tends  to  remain  in  the  aqueous  layer.  The  favor¬ 
able  distribution  of  m-dinitrobenzene  between  ether  and  water 
is  probably  adversely  affected  by  the  mutual  miscibility  of 
the  two  solvents.  However,  even  with  this  effect,  a  single 
extraction  might  be  sufficient  were  it  possible  to  separate  the 
two  phases  completely.  To  ensure  reasonably  complete 
extraction,  four  ether  extractions  are  made,  and  only  small 
volumes  of  water  are  used  to  wash  the  ether  extract. 

Increase  in  temperature,  as  is  often  the  case  in  chemical 
reactions,  hastens  the  production  of  color  in  alkaline  media 
and  the  disappearance  of  color  in  the  acid  media  in  the  case 
of  the  dinitrobenzene  as  well  as  the  nitrated  toluene  and 
xylene.  Light  also  has  some  effect  on  the  rate  of  color  de¬ 
velopment  and  deterioration.  The  temperature  should 
be  within  0.4°  C.,  and  light  conditions  and  the  time  elapsed 
should  all  be  the  same  when  the  readings  are  taken  with  the 
photoelectric  colorimeter  as  when  the  reference  curve  was 
prepared.  When  the  color  is  compared  by  visual  inspection, 
the  unknown  and  standard  are  subjected  to  the  same  con¬ 
ditions  and  the  effect  is  the  same  on  all  solutions.  A  series 
of  permanent  standards  made  from  dyes  or  inorganic  salts 
is  not  recommended  because  this  would  be  applicable  for 
only  one  given  set  of  conditions. 

The  sensitivity  of  the  individual  observer  to  fine  gradations 
of  color  and  color  intensity  will  influence  the  magnitude  of 
error  resulting  from  visual  color  comparison.  This  personal 
error,  which  inevitably  accompanies  all  colorimetric  deter¬ 
minations,  may  be  eliminated  by  the  use  of  the  photoelectric 
colorimeter. 

The  photoelectric  colorimetric  determinations  listed  in 
Tables  I  and  II  show  mean  errors  of  0.4  and  1.2  per  cent, 
respectively,  for  concentrations  above  0.2  per  cent  of  benzene. 
The  lower  apparent  accuracy  in  Table  II  is  not  due  so  much 
to  the  added  manipulation  of  additional  dilution  as  to  the 
resultant  decrease  in  benzene  concentration  of  the  test 
solutions.  This  dilution,  necessitated  by  the  fact  that  the 
solutions  tested  developed  too  intense  a  color  in  the  X  1000 
dilution,  may  perhaps  be  obviated  by  the  substitution  of 
a  more  appropriate  filter  than  that  used  in  the  above  ex¬ 
periments. 

Since  the  galvanometer  scale  used  can  be  read  only  to 
the  nearest  0.25  division,  the  accuracy  of  the  apparatus  is 


limited  in  the  presence  of  very  high  or  very 
low  concentrations  of  chromogen.  The  proba¬ 
bility  of  an  error  of  2  per  cent  in  95  per 
cent  benzene,  for  example,  is  high,  even  if  all 
precautions  are  carefully  taken.  In  the  case 
of  high  transmittance  or  low  concentrations 
of  benzene,  an  experimental  error  of  the 
magnitude  of  0.005  per  cent  may  produce  an 
error  of  10  per  cent  in  material  containing 
0.05  per  cent  benzene.  It  would  thus  seem 
advisable  to  read  the  concentration  of  benzene 
at  light  transmittance  between  20  and  80 
per  cent  in  order  to  avoid  the  upper  and 
lower  extremes  of  the  reference  curve.  This 
may  be  attained  by  adjusting  the  dilution  of 
the  test  solution  after  a  preliminary  deter¬ 
mination. 

Summary 

A  method  developed  for  the  estimation  of  benzene  in 
the  presence  of  toluene,  xylene,  and  other  substances  requires 
little  material  for  analysis,  is  rapid,  and  is  sensitive  to  8.8  X 
10 ~7  mg.  of  benzene. 

Concentrations  varying  from  0.25  to  75  per  cent  of  ben¬ 
zene  by  volume  have  been  determined  with  a  mean  error  of 
0.9  per  cent. 

The  method  may  be  used  for  the  determination  of  small 
air  samples. 

Means  for  the  identification  of  toluene,  xylene,  and  ben¬ 
zene  have  been  given. 

The  accuracy  of  the  method,  the  sources  of  error,  and  the 
precautions  to  be  taken  in  order  to  minimize  the  effect  of  the 
errors  are  discussed. 
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Rapid  Determination  of  Soluble  Nutrients 
in  Soil  and  Plant  Extracts 

By  Means  of  a  Photoelectric  Colorimeter 

BENJAMIN  WOLF,  G.  L.  F.-Seabrook  Farms  Raw  Products  Research  Division,  Bridgeton,  N.  J. 


A  KNOWLEDGE  of  the  amounts  of  soil  and  plant  nutri¬ 
ents  soluble  in  weak  acids,  buffered  salt  solutions,  or 
solutions  of  buffered  salts  and  acids  helps  materially  in  ex¬ 
plaining  crop  production.  Because  of  the  number  of  samples 
usually  involved  and  the  immediate  need  for  the  information, 
rapid  tests  for  the  soluble  nutrients  have  been  used  (1-9,  11, 
12).  The  majority  of  these  methods  depends  upon  a  visual 
comparison  of  colors  or  turbidities  and  as  such  can  only 
differentiate  between  certain  levels  of  nutrients,  such  as  low, 
medium,  etc. 

In  the  course  of  studies  on  the  correlations  of  crop  yields 
with  soluhle  nutrients,  it  became  necessary  to  define  the 
amounts  of  nutrients  more  accurately,  and  to  obtain  quick 
results  with  large  numbers  of  samples.  Consequently,  the 
rapid  methods  herein  described  have  been  adopted,  and  have 
been  used  satisfactorily  to  determine  soluble  nutrients  in 
over  1000  soil  samples  and  a  similar  total  number  of  bean, 
pea,  tomato,  asparagus,  and  cover  crop  samples. 

The  methods  employed  are  variations  of  tests  already  in  use. 
They  are  adapted  to  a  photoelectric  colorimeter  with  a 
resulting  increase  in  accuracy  without  too  great  a  loss  in 
speed.  The  nutrients  in  both  soil  and  plants  are  extracted 
with  Morgan’s  Universal  extracting  solution  (8)  and  are 
determined  directly  in  separate  aliquots  of  the  extracts. 
Essentially,  the  tests  for  potassium,  calcium,  and  magnesium 
are  variations  of  those  employed  by  Morgan  (8);  the  tests 
for  nitrate  nitrogen  and  phosphorus  are  those  used  by  Carolus 
(2)  and  Emmert  (2,  8). 


Apparatus 

Photoelectric  colorimeter  with  filters.  A  Fisher  electro¬ 
photometer  was  used  with  success,  and  the  amounts  of  extracts 
and  reagents  indicated  are  based  on  this  machine. 

Photometer  tubes.  Specimen  vials,  80  X  25  mm.,  are  satis¬ 
factory,  if  proper  selection  is  made.  Photometer  readings  of 
tubes  filled  with  distilled  water  should  not  vary  more  than  0.5 
unit  (arithmetic  scale) .  Tubes  for  nitrate  nitrogen  determination 
should  be  marked  at  25  ml. 

Water  bath  with  3  removable  racks,  each  to  hold  24  photometer 
tubes  (Figures  1  and  2). 

Wooden  racks,  each  to  hold  25  photometer  tubes. 

Automatic  burets  for  dispensing  solutions. 

Drying  oven. 

Glass  stirring  rods.  Pointed  rods  12.5  X  0.3  cm.  (5  X  0.125 
inch)  are  satisfactory  for  the  nitrate,  phosphorus  and  calcium 
tests.  Rods,  12.5  X  0.47  cm.  (5  X  0.188  inch),  with  a  flat  bot¬ 
tom  0.94  cm.  (0.375  inch)  in  diameter  are  desirable  for  the  mag¬ 
nesium  tests. 

Pipets,  1-,  5-,  and  10-ml.,  marked  at  0.1  ml.  A  10-ml.  bac¬ 
teriological  pipet  is  desirable  for  pipetting  plant  extracts  for  cal¬ 
cium  or  phosphorus  determinations. 

Funnel  vials,  Arthur  H.  Thomas  Co.,  blueprint  No.  2132-1. 

Wooden  racks  to  hold  12  funnel  vials. 

Waring  Blendor. 

Reagents  and  Solutions 

All  reagents  are  of  c.  p.  grade  unless  otherwise  indicated. 
Wherever  possible  Baker’s  analyzed  reagents  were  used. 

Extraction.  Morgan’s  Universal  extracting  solution  (8), 
normal  sodium  acetate  buffered  at  pH  4.8  with  acetic  acid. 

Carbon,  activated,  Darco  grade  0-97. 

Determination  op  Nitrates.  Phenoldisulfonic  acid.  So¬ 
dium  hydroxide,  15  per  cent.  Standard  nitrate,  0.2428  gram  dis¬ 
solved  and  made  up  to  1  liter  with  extracting  solution  =  40 
p.  p.  m.  of  nitrate  nitrogen. 


Determination  of  Phosphorus.  Ammonium  molybdate, 
2.5  per  cent  in  6  N  sulfuric  acid. 

Aminonaphtholsulfonic  acid.  Fifteen  grams  of  sodium  bisul¬ 
fite,  anhydrous,  are  dissolved  in  100  ml.  of  distilled  water  and  0.5 
gram  of  pure,  dry  1  amino-2  naphthol-4  sulfonic  acid  and  1.5 
grams  of  anhydrous  sodium  sulfite,  are  added.  The  contents  are 
shaken,  made  up  to  500  ml.,  and  stored  in  a  brown  bottle  (15). 

Standard  phosphorus.  Monosodium  phosphate,  monohydrate 
(0.0890  gram)  dissolved  and  made  up  to  1  liter  with  extracting 
solution  =  20  p.  p.  m.  of  phosphorus. 

Determination  of  Potassium.  To  make  sodium  cobalti- 
nitrite,  25  grams  of  cobalt  nitrate  and  150  grams  of  sodium  nitrite 
are  dissolved  in  250  ml.  of  water  containing  12.5  ml.  of  glacial 
acetic  acid.  The  volume  is  diluted  to  500  ml.  with  distilled  water. 
The  solution  is  allowed  to  stand  24  hours,  then  filtered,  and 
stored  in  a  brown  bottle  at  5°  C. 

Isopropyl  alcohol,  900  ml.  mixed  with  100  ml.  of  formaldehyde 
(35  per  cent). 

Standard  potassium.  Potassium  chloride  (0.0955  gram)  dis¬ 
solved  and  diluted  to  1  liter  with  extracting  solution  =  50  p.  p.  m. 
of  potassium. 
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Table  I.  Determination'  of  Nutrients  for  Standard  Curves  and  in  Soil  and 

Plant  Extracts 


Nutrient 

Determined 

Material 

Useful  Range 

Volume  of 
Aliquots 

Diluted  to 

Filter 

Used 

Null  Adjustment 
with  Blank  to 

P.  p.  m. 

Ml. 

Ml. 

Nitrate 

nitrogen 

Standard  solution 
Soil  extract 

Plant  extract 

0  to  20 

0  to  40 

0  to  40 

0  to  2.5 
2.5  or  5 

2.5  or  5 

5 

425 

100 

Phosphorus 

Standard  solution 
Soil  extract 

Plant  extract 

0  to  10 

0  to  40 

0  to  10 

0  to  20 

5 

20 

20 

425 

0  (log  scale) 

Potassium 

Standard  solution 
Soil  extract 

Plant  extract 

0  to  50 

0  to  250 

0  to  250 

0  to  10 

1 

1 

10 

650 

100 

Calcium 

Standard  solution 
Soil  extract 

Plant  extract 

0  to  100 

0  to  600 

0  to  30 

0  to  20 

1 

20 

20 

425 

100 

Magnesium 

Standard  solution 

0  to  10 

0  to  10 

20 

525 

90 

Soil  extract  0  to  200  1 

Plant  extract  0  to  200  1 


Determination  of  Calcium.  Sodium  oxalate,  2  per  cent, 
prepared  daily,  kept  in  a  stoppered  bottle  and  shaken  before  use. 

Standard  calcium.  Calcium  acetate,  dihydrate  (0.4395  gram) 
dissolved  and  diluted  to  1  liter  with  extracting  solution  =  100 
p.  p.  m.  of  calcium. 

Determination  of  Magnesium.  Titan  yellow  (0.2  gram) 
is  dissolved  in  200  ml.  of  50  per  cent  methyl  alcohol  solution  and 
stored  in  a  brown  bottle.  The  solution  will  keep  for  about  3 
months. 

Sodium  hydroxide,  15  per  cent  (same  as  for  nitrate  nitrogen). 

Standard  magnesium.  Magnesium  acetate,  tetrahydrate 
(0.0881  gram)  dissolved  and  diluted  to  1  liter  with  extracting 
solution  =  10  p.  p.  m.  of  magnesium. 


Methods 

Extraction  of  Samples.  Soil.  Twenty-five  milliliters  of  ex¬ 
tracting  solution  are  added  to  12.5  grams  of  sieved  (2-mm.),  air- 
dry  soil  placed  in  a  50-ml.  Erlenmeyer  flask.  The  contents  are 
shaken  for  1  minute  and  filtered  on  a  Whatman  No.  1  filter  paper 
placed  on  a  funnel  vial.  The  filtrate  is  reserved  for  the  tests. 

Plant.  Fresh  or  frozen  minced  plant  tissue  (2.5  grams), 
usually  stems,  is  placed  in  a  Waring  Blendor  and  100  ml.  of  ex¬ 
tracting  solution  and  1  level  teaspoonful  of  carbon  are  added. 
The  mixture  is  agitated  for  5  minutes  and  the  pulp  is  filtered  on  a 
Whatman  No.  1  filter  paper.  The  filtrate  is  reserved  for  rapid 
tests  (5).  At  the  same  time,  2.5  grams  of  the  minced  tissue  are 
selected  for  moisture  determinations. 

Calibration  of  Standard  Curves.  Aliquots  of  the  standard 
solutions  are  diluted  with  extracting  solution  to  the  designated 
level  (Table  I)  and  are  then  treated  as  in  the  determination  of 
nutrients  in  soil  and  plant  extracts.  Photometer  readings  are 
taken  using  the  appropriate  filter  and  adjusting  the  blank  to 
designated  values  (Table  I).  Deflection-concentration  curves 
for  each  nutrient  are  drawn  from  the  resultant  data. 

Determination  of  Nutrients  in  Soil  and  Plant  Extracts. 
Nitrate  Nitrogen.  Either  5  or  2.5  ml.  of  soil  or  plant  extracts 
(depending  on  the  concentration  present)  are  pipetted  into  a  series 
of  photometer  tubes  (previously  marked  at  25  ml.).  The  2.5-ml. 
portion  is  diluted  to  5  ml.  with  extracting  solution  and  1  ml.  of  15 
per  cent  sodium  hydroxide  solution  is  added  to  each  tube.  The 
contents  are  evaporated  to  dryness  on  the  steam  bath.  The  racks 
are  removed,  the  tubes  cooled,  and  2  ml.  of  phenoldisulfonic  acid 
are  added  to  each.  The  salts  are  broken  up  quickly  with  a  stir¬ 
ring  rod,  and  are  allowed  to  stand  until  cool.  The  contents  are 
diluted  to  25  ml.  with  15  per  cent  sodium  hydroxide,  stirred,  and 
allowed  to  cool  to  35°  C.  Photometer  readings  are  immediately 
taken  using  the  425  blue  filter,  and  adjusting  the  null  to  give  a 
reading  of  100  with  the  blank. 

Phosphorus.  Four  milliliters  of  ammonium  molybdate  and  2 
ml.  of  aminonaphtholsulfonic  acid  are  added  to  each  tube  con¬ 
taining  20  ml.  of  plant  extract  or  5  ml.  of  soil  extract  diluted  to  20 
ml.  The  contents  are  stirred.  After  15  minutes,  the  contents 
are  again  stirred,  and  photometer  readings  are  taken  on  the  log 
scale  using  the  425  blue  filter  and  a  null  adjustment  to  give  a  zero 
reading  with  the  blank. 

Potassium.  One  milliliter  of  soil  or  plant  extract  is  brought  to 
10-ml.  volume  with  extracting  solution.  The  contents  of  the 
tubes  are  cooled  to  10°  C.,  and  1  ml.  of  cooled  sodium  cobalti- 
nitrite  solution  is  added  to  each.  Ten  milliliters  of  isopropyl 
alcohol  solution  are  run  in  quickly  down  the  sides  of  the  tubes. 


The  tubes  are  stoppered  and  after  2 
minutes  are  rotated,  slowly  at  first  but 
increasing  in  speed  until  the  contents 
are  thoroughly  mixed.  After  5  minutes, 
photometer  readings  are  taken  using 
the  650  red  filter  and  a  null  adjustment 
giving  100  per  cent  transmission  with 
the  blank. 

Calcium.  Four  milliliters  of  sodium 
oxalate  are  added  to  each  tube,  con¬ 
taining  20  ml.  of  plant  extract  or  1  ml. 
of  soil  extract  diluted  to  20  ml.  The 
contents  are  stirred,  allowed  to  stand 
for  15  minutes,  and  restirred,  and  pho¬ 
tometer  readings  are  taken  using  the  425 
blue  filter  and  a  null  adjustment  giving 
a  reading  of  100  with  the  blank. 

Magnesium.  One  milliliter  of  soil  or 
plant  extract  is  diluted  to  20  ml.  with 
extracting  solution,  and  1  ml.  of  Titan 
yellow  and  3.5  ml.  of  15  per  cent  sodium 
hydroxide  are  added  to  each  tube.  The 
contents  are  mixed  by  means  of  a  flat- 
bottomed  rod.  Readings  are  taken  after 
5  minutes  using  the  525  green  filter  and  a  null  adjustment  giving 
a  reading  of  90  per  cent  transmission  with  the  blank. 

Discussion  of  Methods 

Selection  and  Preparation  of  Samples.  Soil.  The 
selection  and  preparation  of  soil  samples  have  been  fully 
discussed  elsewhere  (7,  8,  IS). 

Plant.  The  concentration  of  soluble  nutrients  in  plants 
varies  with  the  concentrations  and  relative  proportions  of 
nutrients  in  the  soil,  with  prevailing  climate,  with  the  portion 
of  the  plant  tested,  and  with  age.  It  is  important,  therefore, 
that  the  latter  two  factors,  which  are  controllable,  be  kept 
constant  in  order  to  enhance  reliability.  Until  criteria  are 
established  for  every  nutrient  and  for  every  plant  of  all 
physiological  ages,  it  is  important  that  the  concentration  of 
test  plants  be  compared  with  those  of  normal  plants  grown 
under  the  same  climatic  conditions. 

Any  portion  of  the  plant  can  be  used  for  testing.  How¬ 
ever,  it  is  felt  that  the  concentration  of  soluble  nutrients  in 
the  older  portions  of  the  stem  is  the  best  general  index  of  the 
supplying  power  of  the  soil  (2).  Concentrations  in  this 
portion  of  the  plant  are  not  usually  excessive,  and  no  large 
dilution  errors  are  introduced  {14).  However,  the  portion 
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Table  II.  Recovery  from  Mixtures  of  Standard  Solutions  and  of  Soil  and  Plant  Extracts  Plus  Standard  Solutions 


— NOa— 

P 

- K — 

Ca 

Mg 

Substance 

Found 

Calcd. 

Diff. 

Found 

Calcd. 

Diff. 

Found 

Calcd. 

Diff. 

Found 

Calcd. 

Diff.  Found 

Calcd.  Diff. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m . 

P.  p.  m. 

P.  p.  m. 

P.  p.  771. 

P.  p.  m. 

P.  p.  m. 

P.  p.  771. 

P.  p.  771. 

P.  p.  771. 

P.  p.  in.  P.  p.  m. 

P.  p.  77t.  P.  p.  m. 

Mixed  solutions 

5.2 

5.0 

+  0.2 

4.9 

5.0 

-0.1 

50.0 

50.0 

0 

26.0 

25.0 

+  1.0  26.6 

25.0  +1.6 

Soil  extract 

6.2 

8.0 

40.0 

194.0 

_  19.0 

Soil  extract  + 
mixed  solutions 

27.5 

28.2 

-6.7 

17.0 

18.0 

-i.o 

150.0 

140.0 

+  io.o 

212.0 

244.0 

-32.0  36.2 

34.5  +1.7 

Plant  extract 

2.5 

7.8 

150.0 

13.1 

_  33.4 

Plant  extract  + 
mixed  solutions 

40 

37.5 

+  2.5 

9.2 

8.9 

+  6.3 

175.0 

175.0 

6 

34.0 

3+5 

+2.5  39.2 

4i.7  -2.5 

Table  III.  Concentration  of  Soluble  Nutrients  in  Soils  and  Plants  as 
Determined  by  Rapid  Tests'1 

- Soil - -  - - Lima  Bean  Stems - 


Field  No. 

NOa-N 

P 

Pounds 

K  Ca 

per  acre 

Mg 

NOa-N 

P. 

P 

p.  77}. 

K  Ca 

of  dried  tissue 

Mg 

Yield  No.  of  Pods  b 

M-10 

40 

8.8 

134 

1720 

209 

4000 

2270 

1815 

8400 

6800 

10 

M-10 

20 

11.2 

104 

1800 

209 

3100 

1470 

1220 

7000 

6100 

2 

C-82 

50 

16.0 

172 

1168 

272 

3080 

1490 

2980 

8760 

6200 

31 

C-82 

25 

16.0 

232 

1064 

252 

2200 

1550 

2700 

7650 

7400 

2 

M-2 

50 

15.2 

224 

1456 

145 

3620 

1320 

1470 

7240 

5300 

17 

M-2 

25 

16.0 

224 

1456 

145 

2250 

1885 

1350 

6510 

5700 

1 

°  As  extracted  by  Morgan’s  Universal  extracting  solution. 
b  Per  plant,  average  of  6  plants. 


of  the  plant  tested  will  depend  to  a  certain  extent  on  the  type 
of  plant  and  the  purpose  of  the  investigation.  The  various 
interrelationships  of  some  of  the  nutrients  in  the  plant  and 
their  possible  importance  in  selection  of  samples  have  recently 
been  discussed  ( 9 ,  13). 

After  collecting  the  samples,  extracts  should  be  prepared 
as  soon  as  possible.  These  extracts,  if  placed  in  tightly 
stoppered  flasks,  will  keep  for  several  months  without  appre¬ 
ciable  change.  If  impossible  to  prepare  extracts  immedi¬ 
ately,  the  plants  should  be  frozen  without  delay  and  kept  in 
cold  storage  until  time  is  available.  The  frozen  material 
is  then  minced,  weighed,  thawed,  and  extracted  as  before. 

Tests.  A  blank  should  be  run  with  all  determinations. 
In  the  final  part  of  the  nitrate  analysis,  samples  should  be 
cooled  quickly  and  read  immediately  for  best  results. 

The  time  consumed  in  running  the  nitrate  nitrogen  tests 
can  be  materially  reduced  by  using  three  trays.  The  tubes 
in  the  second  tray  are  prepared  while  the  first  tray  is  on  the 
steam  bath,  etc.  By  the  time  the  samples  in  the  first  tray 
have  been  tested,  the  tubes  in  the  second  tray  will  be  almost 
ready  for  the  additions  of  the  phenoldisulfonic  acid.  Using 
such  a  system,  it  is  a  simple  matter  to  determine  quantita¬ 
tively  the  nitrate  nitrogen  content  of  72  samples  in  a  day. 

In  the  phosphorus  determination,  full  color  is  not  de¬ 
veloped  for  several  hours.  However,  comparative  repeat- 
able  results  can  be  obtained  after  15  minutes. 

The  precipitate  formed  in  the  potassium  determination 
may  be  of  variable  composition  (10)  and  is  influenced  a  great 
deal  by  temperature,  rate  of  shaking,  and  ammonia  present. 
The  temperature  of  the  solution  at  time  of  precipitation 
and  the  rate  of  shaking  should  be  kept  as  uniform  as  possible. 
Concentrations  of  ammonia  up  to  100  p.  p.  m.  in  the  extracts 
do  not  interfere,  providing  formaldehyde  is  used.  Since  the 
amounts  of  ammonia  in  the  extracts  are  usually  less  than  this 
amount,  no  correction  for  ammonia  need  be  made. 

In  the  calcium  determination,  the  results  are  more  accurate 
if  the  sodium  oxalate  reagent  is  prepared  daily.  The  oxalate 
reagent  undergoes  changes  in  concentration  upon  standing, 
with  a  corresponding  change  in  the  calcium  oxalate  precipi¬ 
tate  formed.  Even  with  a  fresh  sodium  oxalate  reagent, 
it  is  desirable  to  stir  the  reagent  thoroughly  before  adding  it  to 
a  batch  of  extracts. 

The  determination  of  magnesium  is  complicated  by  the 
fact  that  the  Titan  yellow  reaction  is  appreciably  influenced 
by  changes  in  pH  and  salt  concentration.  Plant  and  soil 


extracts  add  some  buffering  effects 
and  salts.  The  errors  are  reduced  to 
negligible  factors  by  using  small  sam¬ 
ples  of  extracts  for  analysis. 

Calculations.  Concentrations  in 
parts  per  million  can  be  read  directly 
from  the  deflection-concentration 
curves  or  from  charts  prepared  from 
such  curves. 

It  is  desirable  to  report  soil  nu¬ 
trients  in  pounds  per  plowed  acre 
(assuming  2,000,000  pounds  of  air- 
dry  soil  per  acre  to  a  plowed  depth),  and  concentrations 
of  plant  nutrients  in  parts  per  million  on  a  dry  weight 
basis. 

Accuracy.  The  methods  proposed  give  results  not  en¬ 
tirely  comparable  to  longer  methods  of  analysis,  but  of 
definite  value  in  determining  relative  differences  between 
the  soluble  nutrients  in  soils  and  plants.  Recoveries  of 
added  nutrients  are  good  (Table  II).  Determinations  can  be 
repeated  within  0.75  p.  p.  m.  of  nitrate  nitrogen,  0.1  p.  p.  m. 
of  phosphorus,  0.2  p.  p.  m.  of  potassium,  0.5  p.  p.  m.  of 
calcium,  and  0.1  p.  p.  m.  of  magnesium.  Using  the  recom¬ 
mended  aliquots,  these  variations  would  represent  about 
150  p.  p.  m.  of  nitrate  nitrogen,  20  p.  p.  m.  of  phosphorus, 
400  p.  p  m.  of  potassium,  100  p.  p.  m.  of  calcium,  and  400 
p.  p.  m.  of  magnesium  per  dry  weight  of  plant.  For  soils,  it 
would  represent  3  pounds  of  nitrate  nitrogen,  1.6  pounds  of 
phosphorus,  8  pounds  of  potash,  40  pounds  of  calcium,  and 
8  pounds  of  magnesium  on  an  acre  basis.  In  most  cases,  the 
above  values  represent  an  accuracy  of  =±=  10  per  cent  in 
duplicate  analysis  of  the  same  extracts  of  one  sample.  Analy¬ 
sis  made  on  duplicate  samples  of  soil  or  plants  will  have  greater 
variations.  The  variations  in  concentrations  within  samples 
from  the  same  field  are  often  associated  with  different  types 
of  growth  (Table  III). 

Adaptations.  The  methods  presented  are  based  on  the 
use  of  a  Fisher  electrophotometer  and  of  Morgan’s  Universal 
extracting  solution.  They  may  readily  be  adapted  to  other 
photoelectric  colorimeters  and  other  types  of  extracting 
solutions. 

Conclusions 

Rapid  methods  for  the  determination  of  soluble  nutrients 
in  soils  and  plants  are  presented.  A  photoelectric  colorim¬ 
eter  is  used  to  determine  accurately  concentrations  of 
nutrients  in  separate  aliquots  of  extracts.  Only  one  extract 
of  either  soil  or  plant  is  made,  using  one  extracting  solution 
for  all  determinations.  Determinations  on  the  same  extract 
in  most  cases  can  easily  be  repeated  within  ±  10  per  cent. 
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Photometric  Determination  of  Benzene, 
Toluene,  and  Their  Nitro  Derivatives 

H.  D.  BAERN STEIN,  Division  of  Industrial  Hygiene,  National  Institute  of  Health,  Bethesda,  Md. 


Certain  factors  relating  to  the  production 
of  maximum  color  from  nitro  compounds 
with  butanone  and  alkali  have  been  studied 
and  modifications  of  existing  procedures 
are  recommended.  The  analysis  of  mix¬ 
tures  of  benzene  and  toluene,  such  as  occur 
in  some  new  commercial  solvents,  has  been 
improved  by  introducing  a  differential 
oxidation  of  the  nitro  derivatives. 


THE  fundamental  reaction  between  certain  nitro  com¬ 
pounds  and  ketones  in  the  presence  of  concentrated  alkali 
has  been  studied  by  many  workers  ( 1 ,  2,  4~7,  9,  11).  A 
summary  of  their  findings  leads  to  the  following  conclusions: 

Mononitro  derivatives  of  benzene  and  its  homologs  do  not 
give  the  reaction.  Among  the  dinitro  derivatives  tested,  only 
those  of  the  meta  series  (nitro  groups  meta  to  each  other) 
respond.  When  further  substitution  in  the  ring  occurs,  only 
those  compounds  retaining  ketone  solubility  give  color.  At 
least  one  position  para  to  one  of  the  nitro  groups  must  be  un¬ 
substituted.  Blues  or  reds  signify  the  presence  of  aromatic 
polynitro  derivatives  of  this  class.  Certain  subs  itutions, 
such  as  hydroxyl  and  amino  groups,  change  these  colors  to 
yellows  and  oranges  and  indicate  a  different  reaction.  The 
concentration  of  alkali  used  determines  the  intensity  of  the 
color  obtained  and  the  rapidity  of  its  production. 

The  evidence  indicates  a  condensation  between  the  enol 
form  of  the  ketone  and  the  aci-nitro  form  of  the  nitro  com¬ 
pound  with  the  elimination  of  a  molecule  of  water: 


R  —  C  =  CH2  +  KOH  + 

Ah 


R 

A 


H  0X 

y 

/Nno2 


!=CH2 


+  H20 


0=N — O — K 


The  colors  gradually  fade,  and  brown  insoluble  compounds 
are  produced  (11).  In  some  cases,  one  of  the  nitro  groups  is 
replaced  (IS). 

Quantitative  procedures  have  been  described  by  Pearce, 
Schrenk,  and  Yant  (10, 12, 14, 15)  and  by  Kay  (8)  but  are  not 


entirely  satisfactory  regarding  the  strength  of  alkali  used  or 
the  development  and  measurement  of  the  colored  compounds 
produced.  The  analysis  of  mixtures  of  benzene  and  toluene 
was  only  approximate  (14).  The  present  report  describes 
some  improvements  which  were  made  in  these  procedures. 


Experimental 

Reagents.  Fuming  nitric  acid,  specific  gravity  1.50;  chromic 
acid  (Cr03),  saturated  aqueous  solution;  potassium  hydroxide, 
70  per  cent  (one  pound  of  pellets,  dissolved  and  diluted  to  650 

ml. ) ;  and  butanone. 

Apparatus.  Nitration  of  hydrocarbons  is  carried  out  in  a 
small  U-tube  filled  with  beads.  The  sample  is  transferred  to  the 
tube  from  a  gas  buret  by  means  of  mercury  if  vapors  are  being 
analyzed,  or,  if  the  hydrocarbons  are  in  aqueous  solution,  they 
may  be  blown  over  by  means  of  a  current  of  air.  Rubber  con¬ 
nections  and  greased  stopcocks  may  not  be  used.  A  suitable 
lubricant  for  stopcocks  may  be  made  from  starch  and  glycerol  (3). 

A  Bausch  &  Lomb  visual  spectrophotometer  with  5-  and  10- 

mm.  cells  was  used,  although  any  other  suitable  instrument  could 
be  substituted. 

Procedure.  The  sample  containing  10  to  100  micrograms  of  a 
mixture  of  hydrocarbons  is  collected  in  2.0  ml.  of  fuming  nitric 
acid  in  the  nitration  tube  filled  with  beads.  The  tube  and  con¬ 
tents  are  heated  in  an  oil  bath  at  90°  C.  for  15  minutes.  If  ben¬ 
zene  only  is  to  be  determined,  1  drop  of  a  saturated  chromic  acid 
solution  is  added  and  the  sample  is  mixed  by  bubbling  a  little  air 
through  it.  If  benzene,  toluene,  and  xylene  are  to  be  determined, 
the  chromic  acid  is  omitted. 

The  tube  and  sample  are  returned  to  the  oil  bath  for  another 
period  of  15  minutes. 

Beads  and  sample  are  transferred  to  a  60-ml.  glass-stoppered 
bottle  with  the  aid  of  three  2.0-ml.  portions  of  water.  The  mix¬ 
ture  is  cooled  in  ice  water  and  carefully  neutralized  with  70  per 
cent  potassium  hydroxide  until  the  dichromate  orange  changes  to 
chromate  yellow-green.  In  the  toluene  determination,  where  no 
oxidation  is  required,  1  drop  of  chromic  acid  solution  may  be 
added  after  dilution  and  cooling  without  loss  of  toluene. 

Ten  milliliters  of  butanone  are  added  to  the  neutralized  sample, 
and  the  bottle  is  firmly  stoppered  and  shaken  vigorously.  It  is 
placed  in  a  water  bath  at  60°  C.  to  prevent  crystallization  of 
potassium  nitrate  and  shaken  occasionally  during  5  to  10  minutes. 

The  sample  is  poured  into  a  jacketed  buret  kept  at  about  60°  C. 
and  allowed  to  separate.  The  beads  are  caught  in  a  funnel 
which  is  fitted  with  a  wire  to  prevent  closure  of  the  stem  by  the 
beads. 

The  lower  aqueous  layer  is  carefully  withdrawn  and  discarded 
and  the  upper  butanone  layer  containing  the  nitrated  sample  is 
drained  into  a  25-ml.  glass-stoppered  cylinder.  Ten  milliliters 
of  70  per  cent  potassium  hydroxide  are  added  and  the  mixture  is 
shaken  vigorously  for  2  minutes.  A  motor-driven  shaker  has 
been  found  convenient  if  a  large  number  of  analyses  are  required. 

The  colored  butanone  layer  is  allowed  to  separate  and  is  trans¬ 
ferred  to  the  cell  of  the  photometer. 

If  the  color  is  too  dark  for  satisfactory  measurement,  the 
butanone  may  be  quantitatively  diluted  or  a  shorter  cell  may  be 
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Figure  1.  Spectral  Absorption  Curves  of  Butanone-Nitro  Compounds 


DNB. 

DNT. 


m-Dinitrobenzene 

2,4-Dinitrotoluene 


TNB. 

TNT. 


1 .3.5- Trinitrobenzene 

2.4.6- Trinitrotoluene 


substituted.  Owing  to  fading  of  the  colors,  not  more  than  5  to  10 
minutes  should  elapse  between  the  shaking  of  the  mixture  and 
the  reading  of  the  instrument. 

A  calibration  curve  should  be  prepared  relating  milligrams  of 
hydrocarbon  to  color  density  for  each  substance  determined,  and 
since  losses  occur  in  the  several  steps,  standards  must  be  treated 
exactly  as  the  samples  are  treated.  Color  density  = 

transmission" 

Since  the  density-milligram  curve  is  linear,  it  is  convenient  to 
express  the  relation  by  a  factor. 

Table  I  gives  the  factors  calculated  when  nitro  compounds 
and  hydrocarbons  are  analyzed  by  the  procedures  described. 
They  are  expressed  as  density  per  milligram  of  hydrocarbon 
for  a  10-mm.  cell.  The  corrected  values  are  obtained  by 
making  allowances  for  loss  of  butanone  in  extraction  and  loss 
of  water  in  dehydration.  Comparison  of  these  corrected 
values  with  those  obtained  with  dry  butanone  standards  gives 
a  measure  of  the  losses  of  nitro  compound  sustained  in  nitra¬ 
tion  and  extraction.  The  small  increase  shown  upon  heating 
nitric  acid  solutions  of  dinitrobenzene  indicates  that  traces  of 
mononitrobenzene  are  present  in  the  preparation.  The  di- 
nitrotoluene  sample  is  purer,  as  judged  by  the  identity  of  the 
values  for  heated  and  unheated  samples. 

Some  interesting  comparisons  regarding  the  nitration  of 
benzene  and  toluene  can  be  made.  The  values  obtained  indi¬ 
cate  that  86  per  cent  of  benzene  and  76  per  cent  of  toluene  are 
converted  to  m-dinitro  compounds  by  fuming  nitric  acid  when 
liquid  hydrocarbons  are  used.  The  corresponding  figures  for 
the  vapors  are  77  and  78.  The  losses  may  be  due  to  the 
formation  of  ortho  and  para  isomers  and  to  oxidation.  That 
no  appreciable  loss  was  due  to  inefficient  trapping  of  vapors  by 
the  nitration  tube  was  shown  by  introducing  a  second  tube  in 
series  with  the  first. 

Absorption  Curves.  Figure  1  shows  the  absorption 
curves  for  several  of  the  compounds  studied.  The  wave 
length  selected  for  quantitative  comparison  was  560  milli¬ 
microns. 

Preparation  of  Butanone  Extracts.  It  is  not  possible 
to  develop  these  colors  quantitatively  in  the  presence  of  water 


or  potassium  nitrate  (14)',  therefore,  the 
nitro  compounds  formed  during  nitration 
of  aromatic  compounds  must  be  extracted 
from  the  nitration  mixture.  Butanone  is 
fairly  soluble  in  acid  solutions,  and  nitro 
compounds  are  only  partially  extracted  from 
alkaline  solutions  of  pH  greater  than  10. 

The  most  convenient  indicator  to  use  for 
adjusting  the  pH  for  extraction  is  the  chro¬ 
mic  acid  solution  used  as  oxidant  in  differ¬ 
entiating  benzene  from  toluene.  A  sharp 
change  from  orange  to  yellow-green  occurs  at 
about  pH  7. 

Factors  Affecting  Color  Development 

According  to  the  mechanism  of  the  re¬ 
action  proposed,  the  alkali  serves  several 
functions:  converts  ketone  to  enol  form, 
converts  nitro  compound  to  aci-nitro  salt, 
and  removes  water  formed  by  condensation. 
Figure  2  shows  the  effect  of  increasing 
concentration  of  alkali  on  density  of  color 
obtained  from  nitrated  benzene  and  toluene. 
Owing  to  losses  of  butanone  during  extrac¬ 
tion  without  corresponding  losses  of  nitro 
compound,  the  densities  were  too  high.  A 
correction  was  therefore  made  and  these  values 
were  plotted.  The  increase  in  density  ob¬ 
tained  by  increasing  concentrations  of  alkali 
is  best  explained  as  an  increase  in  efficiency  of 
the  alkali  as  a  dehydrating  agent.  Almost  the  maximum 
density  is  obtained  with  50  per  cent  alkali  and  dinitrobenzene, 
whereas  only  about  one  third  of  the  maximum  density  is 
obtained  with  dinitrotoluene  and  this  concentration  of  alkali. 

Further  confirmation  of  the  dehydrating  action  of  the 
alkali  is  shown  in  Figure  3,  where  the  larger  volumes  of  70  per 
cent  alkali  solution  give  greater  color  densities  than  the 
smaller  volumes. 

Potassium  nitrate  inhibits  color  development,  as  shown  in 
Figure  4.  Seventy  per  cent  potassium  hydroxide  solution 
was  saturated  with  dry  potassium  nitrate  and  the  resulting 


PER  CENT  POTASSIUM  HYDROXIDE 

Figure  2.  Color  Density  at  Various  Con¬ 
centrations  of  Potassium  Hydroxide 
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Table  I.  Color  Density  per  Milligram  of  Hydrocarbon 


Standards 

- Be 

nzene— 

After 

CrOs 

->  - Toluene - - — . 

After  CrOs 

Butanone  +  m-dinitro 

30.3 

±  0.7 

20.9  ±  0.4 

HNOa  +  m-dinitro  (unheated) 

32.1 

±0.8 

24.0  ±  0.9 

HNO3  -j-  m-dinitro  (corrected) 

26.3 

±  0.7 

19.7  ±  0.7 

HNOj  +  m-dinitro  (heated) 

35.2 

±  1.4 

33.4 

±1.6 

23.8  ±  0.9 

0.0 

HNOi  +  m-dinitro  (corrected) 

28.8 

±1.1 

27.4 

±1.3 

ip  ^  n  7 

0.0 

HNO3  +  liquid  (heated) 

30.1 

±  0.5 

28.8 

±  1.2 

18.2  ±  1.4 

0.0 

HNOs  +  liquid  (corrected) 

24.7 

±  0.4 

23.6 

±  1.0 

14.9  ±1.2 

0.0 

HNO3  +  vapor  (heated) 

27.0 

±  1.6 

27.6 

±  2.0 

17.4  ±0.5 

0.0 

HNO3  +  vapor  (corrected) 

22.1 

±  1.3 

22.6 

±1.6 

14.3  ±0.4 

0.0 

Butanone  -+•  trinitro 

8.8 

±  0.3 

9.6  =±=0.4 

nitration,  only  the  color  of  the  benzene  de¬ 
rivative  is  obtained. 

A  paired  series  of  mixtures  was  prepared  by 
dissolving  various  amounts  of  standard  benzene 
and  toluene  solutions  in  2.0  ml.  of  fuming  nitric 
acid.  One  set  of  mixtures  received  1  drop  of  a 
saturated  aqueous  solution  of  chromic  acid  in 
each  sample;  the  other  set  served  as  controls. 
Both  sets  were  placed  in  an  oil  bath  at  90°  C. 
for  15  minutes  and  then  diluted,  neutralized,  and 
extracted  as  usual.  The  results  in  Table  II  show 
an  average  error  of  ±5.0  per  cent. 


Figure  3.  Color  Density  and  Volume 
of  70  Per  Cent  Potassium  Hydroxide 


ML.  POTASSIUM  HYDROXIDE 
SATURATED  WITH  KN03 

Figure  4.  Effect  of  Potassium 
Nitrate  on  Color  Density 


solution  mixed  in  various  proportions  with  70  per  cent  potas¬ 
sium  hydroxide  solution.  Ten  milliliters  of  these  mixtures 
were  shaken  with  the  butanone  extract  of  nitrated  toluene 
and  the  densities  determined. 

This  experiment  emphasizes  the  importance  of  making  a 
clean  separation  of  the  butanone  extract  from  the  aqueous 
phase  in  the  determinations.  It  also  supports  the  need  for 
larger  volumes  of  potassium  hydroxide  solution  used  to  de¬ 
velop  the  colors  than  were  recommended  by  Pearce  et  al.  (10). 

Differentiation  of  Benzene  and  Toluene 

When  mixtures  of  benzene  and  toluene  are  nitrated  with 
fuming  nitric  acid,  heated,  diluted,  neutralized,  and  extracted 
with  butanone,  the  density  obtained  is  equal  to  the  sum  of 
those  obtained  with  the  individual  substances  separately. 
If,  however,  the  mixture  is  oxidized  with  chromic  acid  after 


Table  II. 
Sample 


Analysis  of  Benzene  and  Toluene  Mixtures 

Found 


Taken 

Benzene  Toluene 

Micrograms 


Benzene  Toluene 

Micrograms 


71.5 

00.0 

71.9 

00.0 

57.2 

15.7 

59.2 

15.7 

42.9 

31.4 

42.8 

34.6 

28.6 

47.1 

27.4 

48.1 

14.3 

62.8 

13.7 

65.0 

00.0 

78.5 

2.3 

73.3 

Analyses  ol  benzene  and 
toluene  vapors  and  of  mixed 
solvents  have  shown  the  meth¬ 
ods  to  be  equally  satisfactory. 

The  differentiation  probably 
depends  upon  the  loss  of  buta¬ 
none  solubility  of  the  oxidized 
products.  Experiments  with 
2,4-dinitrobenzoic  acid  indicate 
that  dinitrotoluene  is  oxidized 
to  this  substance.  m-Dinitro- 
benzene  is  not  oxidized  under 
the  conditions  selected  but  is 
lost  with  permanganate  oxida¬ 
tion  and  with  longer  heating 
periods  with  the  oxidant 
chosen. 

Summary 

The  colored  compounds 
formed  by  shaking  m-dinitro- 
benzene  and  its  homologs  with 
ketones  and  alkali  are  probably 
quinoids  formed  by  conden¬ 
sation  of  the  aci-nitro  and  enol 
forms  with  the  elimination  of 
water. 

Various  factors  concerned 
with  the  production  of  these 
colors  have  been  studied,  and 
certain  modifications  recommended  for  their  quantitative 
determination.  The  use  of  70  instead  of  50  per  cent  alkali 
greatly  hastens  and  increases  color  production. 

Mixtures  of  benzene  and  toluene  have  been  satisfactorily 
analyzed  by  oxidation  of  dinitrotoluene,  presumably  to  di- 
nitrobenzoic  acid,  which  gives  no  color  under  the  conditions 
chosen.  m-Dinitrobenzene  is  not  attacked  and  gives  its 
usual  color  with  undiminished  intensity. 
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Colorimetric  Determination  of  Alkyl  Benzene 

Sulfonates 

JAY  C.  HARRIS,  Monsanto  Chemical  Company,  Central  Research  Department,  Dayton,  Ohio 


Simple  colorimetric  quantitative  method 
for  the  estimation  of  alkyl  benzene 
sodium  sulfonates  is  described  which  is 
sensitive  to  one  part  per  million  of  pure  sul¬ 
fonate.  The  analysis  may  be  made  visually 
or  photometrically. 

METHODS  for  the  determination  of  the  active  ingredi¬ 
ent  content  of  commercial  surface-active  agents, 
including  alkyl  benzene  sulfonates,  have  been  the  subject  of 
several  papers  (3,  k  5).  Few  of  these  methods  are  entirely 
satisfactory,  because  they  include  impurities  such  as  sodium 
sulfate,  or  are  inoperative  with  dilute  solutions  of  surface-active 
agents.  The  determination  of  surface  tension  depression  is 
easily  accomplished,  but  does  not  lend  itself  to  strictly  quanti¬ 
tative  estimation. 

The  need  for  a  rapid  method  for  the  quantitative  estimation 
of  alkyl  benzene  sodium  sulfonates  in  dairy  cleansing  proc¬ 
esses  is  described  by  Scales  and  Kemp  ( 6 ),  who  outline  a 
qualitative  test  based  upon  the  formation  of  a  blue  coloration 
when  a  solution  of  alkyl  benzene  sulfonate  is  added  to  a  solu¬ 
tion  of  o-tolidine  and  sodium  hypochlorite.  However,  not 
all  detergents  undergo  this  reaction,  since  they  found  that 
soap,  Turkey  red  oil,  lauryl  sodium  sulfate,  and  three  related 
compounds  failed  to  produce  the  iodo-blue  color  characteristic 
of  this  test.  Under  their  conditions  a  flocculent  precipitate 
obscured  the  test,  so  that  it  was  not  considered  sufficiently 
accurate  for  quantitative  purposes. 

Re-examination  of  their  data  and  further  investigation 
proved  that  the  test  could  be  made  quantitative  in  character. 


Visual  Method 

Equipment.  50-ml.  Nessler  tubes  (or  50-ml.  graduates), 
pipets,  and  a  10.0-ml.  buret  graduated  in  0.05-ml.  divisions. 

Special  Solutions.  o-Tolidine  Solution.  Add  1.0  gram  of  o- 
tolidine  to  5  ml.  of  20  per  cent  hydrochloric  acid  (100  ml.  of 
hydrochloric  acid,  specific  gravity  1.18-1.19,  to  500  ml.  of  dis¬ 
tilled  water)  and  grind  to  a  thin  paste.  Add  150  to  200  ml.  of 
distilled  water  to  produce  a  solution.  Transfer  to  a  1-liter 
graduate  and  make  up  to  505  ml.  with  distilled  water,  then  make 
to  1  liter  by  adding  the  balance  of  the  20  per  cent  hydrochloric 
acid  solution.  Store  in  an  amber  bottle  out  of  direct  sunlight. 

Sodium  Hypochlorite.  Prepare  a  solution  of  sodium  hypo¬ 
chlorite  by  slurrying  5  grams  of  high  test  calcium  hypochlorite 
and  4  grams  of  anhydrous  sodium  carbonate  in  334  ml.  of  distilled 
water.  Let  the  insoluble  matter  settle,  then  decant  the  solution 
through  a  filter.  Analyze  it  for  available  chlorine  content  accord¬ 
ing  to  the  A.  O.  A.  C.  ( 2 )  arsenious  oxide  titration  method.  Pre¬ 
pare  a  standard  solution  containing  300  p.  p.  m.  of  available 
chlorine. 

Alkyl  Benzene  Sodium  Sulfonate,  or  Unknown.  Prepare  a 
0.05  per  cent  solution  of  the  alkyl  benzene  sulfonate  by  suitably 
diluting  a  stronger  solution  with  distilled  water.  Dilute  a  wash 
solution  1  to  5  or  more,  depending  upon  the  approximate  concen¬ 
tration  of  the  alkyl  benzene  sulfonate.  This  solution  must  be  as 
dilute  as  indicated,  or  if  stronger  must  be  measured  accurately 
from  a  suitably  calibrated  buret  or  pipet. 

Procedure.  Transfer  40  ml.  of  distilled  water  to  each  of  two 
Nessler  tubes.  Add  1  ml.  of  300  p.  p.  m.  sodium  hypochlorite 
solution  to  each  tube,  and  invert  to  mix.  Add  2  ml.  of  o-tolidine 
solution  to  each,  and  invert  to  mix. 

Make  the  blank  up  to  50  ml.  with  distilled  water  and  invert 
several  times  to  mix  thoroughly. 

Add  the  unknown  solution  of  alkyl  benzene  sulfonate  of  definite 
dilution  carefully  in  known  amounts  to  a  fresh  mixture  of  re¬ 


agents,  until  a  color  change  just  appears.  Make  the  tube  up  to 
volume  and  compare  with  the  blank.  From  the  volume  of  un¬ 
known  added,  and  the  fact  that  1  p.  p.  m.  of  alkyl  benzene  sodium 
sulfonate  is  required  for  a  color  change,  calculate  the  strength  of 
solution. 

Used  in  the  manner  described  above,  the  method  is  suitable 
for  determining  the  strength  of  dilute  solutions  by  visual  ob¬ 
servation  where  photometric  equipment  is  not  available. 

Experimental 

The  experimental  information  developed  for  the  visual 
method  is  applicable  to  use  in  photometric  equipment.  The 
several  variable  factors  involved  were  investigated. 

Benzidine  and  diamidine  were  tested  to  find  whether  they 
would  produce  a  more  suitable  color  for  analytical  purposes, 
but  o-tolidine  produced  the  most  satisfactory  results. 

Tests  were  made  to  determine  the  effect  of  quantities  of  re¬ 
agents  upon  the  color  formation. 

To  show  the  effect  of  available  chlorine,  a  standardized  solution 
of  300  p.  p.  m.  of  sodium  hypochlorite  was  used,  and  known  incre¬ 
ments  were  added  to  50-ml.  Nessler  tubes  containing  30  ml.  of 
distilled  water,  5  ml.  of  o-tolidine  solution,  and  0.5  ml.  of  1  per 
cent  alkyl  benzene  sodium  sulfonate  solution.  The  volume  was 
made  up  to  50  ml.  and  the  colored  solutions  were  examined.  The 
results,  shown  in  Table  I,  indicate  optimum  color  formation  at  6 
p.  p.  m.  of  available  chlorine  in  the  final  test  solution. 

To  determine  the  optimum  amount  of  o-tolidine  solution,  1-ml. 
increments  of  o-tolidine  solution  were  added  to  aqueous  solutions 
containing  300  p.  p.  m.  of  available  chlorine  and  0.5  ml.  of  a  1  per 
cent  solution  of  alkyl  benzene  sulfonate.  The  1-ml.  increment 
produced  a  brownish  blue  coloration,  with  very  little  precipitate; 
2  ml.  gave  a  deep  blue;  and  increasing  amounts  of  o-tolidine 
produced  a  greenish  blue  color  with  a  greater  amount  of  precipi¬ 
tate. 

The  order  of  addition  of  reactants  had  a  profound  effect 
upon  the  formation  of  the  undesirable  surface  precipitate. 
Addition  of  the  alkyl  benzene  sulfonate  solution  just  before 
making  up  to  volume  minimized  this  difficulty. 


Table  I.  Optimum  Amount  of  Available  Chlorine 


(Varying  increments  of  NaOCl  solution,  5.0  ml.  of  o-tolidine  solution,  0.5  ml. 
of  1  %  alkyl  benzene  sulfonate  solution,  q.  s.  water) 


No 

Chlorine  - - —Available  Chlorine  in  Test  Solution - 

(Control)  1  p.  p.  m.  3  p.  p.  m.  6  p.  p.  m.  24  p.  p.  m. 


Yellow  solu-  Yellow  pre-  Blue  solution, 
tion  cipitate  precipitate 

on  surface 


Deep  blue  so¬ 
lution,  pre¬ 
cipitate  on 
surface 


Brownish  blue 
solution,  large 
amount  of 
precipitate  on 
surface 


Utilizing  the  optimum  amounts  of  available  chlorine  (300 
p.  p.  m.)  and  o-tolidine  solution  (2  ml.),  the  desired  dilution  of 
alkyl  benzene  sulfonate  was  ascertained  with  varying  amounts 
of  pure  alkyl  benzene  sulfonate  solution:  0.0005  gram  of  sul¬ 
fonate  produced  a  suitable  coloration,  whereas  0.004  gram 
resulted  in  a  deep  brown  color.  This  indicated  that  somewhat 
less  than  80  p.  p.  m.  of  alkyl  benzene  sulfonate  should  be 
present  in  the  test  solution. 

Time  (up  to  15  minutes)  had  no  effect  upon  the  end  point, 
but  it  is  preferable  to  make  the  test  shortly  after  all  the  in¬ 
gredients  have  been  mixed. 

Tap  water  (ca.  300  p.  p.  m.  hardness)  produced  no  visible 
effect. 
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Table  II.  Examination  of  Solution  for  Optimum  Wave 
Length  and  Transmittance 


Wave  Length 
Millimicrons 

500 

600 

700 

800 

900 

1000 


Transmittance 

% 

8.8 

0.3 

17.0 

13.0 

21.5 

16.0 


Alkalies  in  wash  solutions  have  little  effect  upon  the  test 
under  the  conditions  observed — i.  e.,  if  the  alkyl  benzene 
sulfonate  solution  is  alkaline,  the  degree  of  dilution  will  be 
such  that  final  pH  will  be  adjusted  by  the  o-tolidine  solution. 

A  color  change  is  produced  by  as  little  as  0.00005  gram  of 
pure  sulfonate  in  50  ml.  of  solution  according  to  test.  This  is 
equivalent  to  1  part  per  million.  Alkyl  benzene  sodium  sul¬ 
fonates  diluted  with  sodium  sulfate  are  detected  in  propor¬ 
tionally  small  amounts,  dependent  upon  the  degree  of  dilution 
of  the  active  ingredient. 


Table  III.  Photometric  Transmittance  Data 

(Sample  A,  40%  alkyl  benzene  sodium  sulfonate;  sample  B,  100%  alkyl 
benzene  sodium  sulfonate;  sample  C,  100%  n-butyl  diphenyl  sodium 

sulfonate) 


' - Sam 

pie  A - , 

✓ - 

-Sample  B- 

Parts 

Photel- 

Spectro- 

Photel- 

per 

ometer 

pnotom- 

ometer 

Mil- 

B 

eter. 

B 

Spectrophotometer 

B 

lion 

filter 

600  m/x 

filter 

525  m^ 

600  nm 

filter 

0.25 

.  . 

97 

99 

97 

0.5 

96.5 

97 

97 

98 

95.5 

95 

1.0 

96.5 

96 

94.5 

96 

92 

94 

1 .5 

97 

95 

91.5 

92 

87 

93 

2.0 

96 

94 

87.5 

88 

84 

94 

2.5 

95 

95 

85 

84 

78 

93 

3.0 

92 

94 

80.5 

80.5 

73.5 

92.5 

3 . 5 

93 

93 

77.5 

78 

70.5 

93 

4.0 

91 

91 

74.5 

74.5 

66.5 

91.5 

4.5 

91 

69 

71.5 

63 

5.0 

89 

88 

69 

68 

59.5 

9i 

6.0 

84.5 

84.5 

60.5 

52.5 

7.5 

82.5 

81 

56.5 

42.5 

89 

10.0 

75.5 

73.5 

43.5 

44 

32.5 

15.0 

65 

60 

32 

28 

18.0 

si’ 

20.0 

56 

48 

24 

19 

11.5 

79 

25.0 

47 

38.5 

17 

13 

•  6.0 

71 

30.0 

45 

30 

12 

8.5 

3.5 

66 

40.0 

33 

20.5 

4.5 

1.7 

58 

50.0 

27 

14.5 

54 

Photometric  Method 

The  analytical  procedure  used  is  exactly  the  same  as  that 
for  visual  observation.  In  this  case,  however,  a  suitable  filter 
must  be  chosen  with  instruments  such  as  the  Cenco-Sheard- 
Sanford  photelometer,  or  a  wave  length  of  maximum  color 
absorption  with  instruments  such  as  the  Coleman  spectro¬ 
photometer.  Once  this  factor  has  been  ascertained  by  ex¬ 
amination  of  the  blank  and  of  a  test  portion  which  contains  the 
maximum  expected  amount  of  alkyl  benzene  sulfonate,  the 
problem  is  to  prepare  sufficient  data  to  graph  percentage 
transmittance  vs.  concentration.  If  such  a  curve  substan¬ 
tially  conforms  to  Beer’s  law,  it  may  be  used  as  reference  for 
samples  of  unknown  concentration. 

A  filter  which  produced  satisfactory  results  with  the  Cenco- 
Sheard-Sanford  photelometer  was  the  B  filter  with  maximum 
transmission  at  525  millimicrons.  Examination  of  the  solu¬ 
tions  with  the  Coleman  spectrophotometer  indicated  that 
satisfactory  results  could  be  obtained  in  a  range  lying  between 
500  and  600  millimicrons. 

Typical  data  developed  by  this  method  of  analysis  are 
shown  in  Table  III.  The  data  for  sample  B  at  525  milli¬ 
microns  and  with  the  B  filter  are  plotted  in  Figure  1.  The 
curves  closely  approach  straight  lines,  hence  conform  to 
Beer’s  law. 


Solutions  of  alkyl  benzene  sulfonates  of  unknown  strength 
can  be  prepared  for  test  as  described  in  the  procedure,  and 
then  submitted  to  photometric  analysis.  From  the  percent¬ 
age  transmittance  of  such  test  solutions,  the  concentration 
may  be  ascertained  by  reference  to  the  curve.  The  concen¬ 
tration  of  active  alkyl  benzene  sulfonate  in  the  original 
sample  of  unknown  strength  can  be  calculated  from  the  size 
of  the  sample  used  in  the  test,  and  its  degree  of  dilution.  It  is 
suggested  that  such  a  dilution  of  unknown  be  chosen  that  an 
appreciable  coloration  be  formed,  and  obviously,  that  it  fall 
within  the  limits  of  the  curve. 

Tests  were  made  with  sodium  sulfate-containing  products 
which  were  calculated  to  contain  40  =*=  1  per  cent  of  active 
ingredient  as  alkyl  benzene  sodium  sulfonate. 

A  more  or  less  usual  method  for  determining  the  active  ingredi¬ 
ent  is  to  extract  a  1.00-gram  sample  of  the  product  with  200  ml. 
of  neutral  95  per  cent  alcohol  in  a  400-ml.  beaker  on  the  water 
bath,  for  at  least  an  hour,  replacing  the  alcohol  which  evaporates. 
The  residue  is  then  quantitatively  transferred  to  a  tared  Gooch 
crucible,  washed  with  100  ml.  of  boiling  alcohol,  and  dried  at 
105°  C.  to  constant  weight. 

The  moisture  content  of  the  sample  was  determined  by  the 
xylene  distillation  method  ( 1 ).  The  active  ingredient  content 
was  determined  by  difference  :  100  minus  the  sum  of  the  alcohol- 
insoluble  plus  moisture  yielding  the  active  ingredient  content. 

It  is  recognized  that  the  alcohol-insoluble  method  will  yield 
low  results  because  of  the  difficulty  of  removing  all  the  alco¬ 
hol-soluble  active  ingredient  from  the  residual  sodium  sulfate. 
The  results  with  three  samples  are  shown  in  Table  IV. 

The  photometric  method  was  used  for  analyzing  the  same 
samples  by  adding  5  ml.  of  a  0.05  per  cent  (dry  basis)  solution 
of  the  sample  to  the  mixture  of  reagents  described  in  the  pro¬ 
cedure.  The  percentage  transmittance  of  the  unknowns  was 
measured  with  a  B  filter  using  the  photelometer.  The  per- 


Figure  1.  Typical  Transmittance-Conductance 
Curve  for  Pure  Alkyl  Benzene  Sulfonate  (Sample  B) 
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Table  IV.  Comparison  of  Gravimetric  Alochol-Insoltjbee 


Method  with  Photometric  Method 

Active 

Moisture 

From  alcohol- 

From  photel- 

Sample 

(Xylene 

Alcohol 

insoluble  method  ometer  B  filter 

No. 

Distillation) 

Insoluble 

by  difference 

sample  B 

% 

% 

% 

% 

1 

5.0 

59.25 

35.75 

41.0 

2 

4.0 

59.07 

36.93 

39.6 

3 

6.0 

60.05 

33.95 

38.6 

centage  of  active  ingredient  for  each  of  the  samples  was  calcu¬ 
lated  from  the  concentration  of  the  sample,  and  reference  to 
the  photelometer  curve  for  sample  B,  Figure  1.  This  informa¬ 
tion  is  shown  in  Table  IV.  It  is  obvious  from  this  that  the 
photometric  method  gives  more  nearly  correct  results  than 
does  the  alcohol-insoluble  method. 

There  was  a  possibility  that  certain  other  alkyl  aryl  sul¬ 
fonates  might  be  amenable  to  this  method  of  estimation. 
Tests  were  made  with  two  alkylhydroxydiphenyl  sulfonates 
and  n-butyldiphenyl  sodium  sulfonate  (Table  III).  Appar¬ 
ently  the  hydroxy  group  interferes  with  this  particular  color 


formation,  since  only  the  latter  compound  produced  a  color 
approaching  the  characteristic  iodo-blue.  Improved  charac¬ 
teristics  of  this  curve  could  have  been  obtained  by  using  a 
more  suitable  wave  length  for  examination  of  the  test  solu¬ 
tions.  This  method  of  analysis  may  be  suitable  for  other 
alkyl  aryl  sulfonates. 
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Identification  of  Carbon  Black  by  Surface  Area 

Measurements 

F.  H.  AMON,  W.  R.  SMITH,  AND  F.  S.  THORNHILL,  Godfrey  L.  Cabot,  Inc.,  Boston,  Mass. 


PARKINSON  (6)  has  suggested  that  the  particle  size  of 
lampblack  recovered  from  a  tire  tread  stock  by  means  of 
nitric  acid  is  unchanged  from  that  of  the  original  supply. 
His  conclusions  were  drawn  from  sedimentation  experiments. 
The  authors  have  found  (8)  that  the  low-temperature  ni¬ 
trogen-adsorption  method  of  Emmett  and  his  co-workers 
(. 1 ,  2,  8 )  for  determining  surface  areas  of  finely  divided 
substances  is  a  comparatively  rapid  and  accurate  method  of 
measuring  the  total  surface  of  commercial  carbon  blacks. 
The  object  of  the  present  investigation  was  to  expand  Parkin¬ 
son’s  observation  to  a  variety  of  commercial  carbon  blacks, 
employing  the  nitrogen-adsorption  technique.  Since  the 
surface  area  of  most  of  the  standard  carbon  blacks  has  been 
previously  determined  (8,  8),  a  method  of  identifying  the 
carbon  black  present  in  an  unknown  rubber  stock  can  be 
readily  devised  if  it  is  first  established  that  the  carbon  black 
can  be  recovered  from  a  rubber  stock  with  unchanged  surface 
area. 

The  present  paper  reports  the  surface  area  values  deter¬ 
mined  by  the  nitrogen-adsorption  method  for  a  number  of 
commercial  carbon  blacks  recovered  from  vulcanized  tread 
stocks. 

Experimental  Details 

The  technique  and  apparatus  for  determining  the  surface  area 
of  carbon  black  by  the  low-temperature  nitrogen-adsorption  iso¬ 
therm  have  been  described  in  a  previous  publication  (S).  An  oxy¬ 
gen  thermometer  is  now  used  to  measure  the  temperature  of  the 
liquid  nitrogen  bath  during  a  run.  From  this  temperature,  the 
appropriate  saturation  pressure,  p0,  of  the  adsorbate  nitrogen  is 
obtained  and  employed  in  calculating  the  final  surface  area  value 

(S). 

The  carbon  blacks  studied  were  compounded  in  the  following 
recipe: 


Parts  by 


Ingredient  Weight 

Smoked  sheet  100 

Zinc  oxide  5 

Sulfur  3 

Pine  tar  3 


Parts  by 


Ingredient  Weight 

Captax  0.9 

Stearic  acid  4.0 

Agerite  Hypar  1.0 

Black  45 


One  stock  was  made  from  Grade  6  carbon  black  in  Buna  S: 


Buna  S  100 

Zinc  oxide  5 

Sulfur  2 

Pine  tar  2 

B-L-E  (antioxidant)  1.0 

B-J-F  (accelerator)  1 . 5 

Laurex  2 

Grade  6  black  50 


The  smoked  sheet  stocks  were  cured  for  30,  60,  and  90  minutes 
at  134°  C.,  and  the  Buna  S  stock  at  144°  C.  The  60-minute  cure 
was  nearly  optimum  in  the  majority  of  cases,  and  was  the  only 
cure  selected  for  study. 

The  following  commercial  carbon  .  blacks  were  selected 
for  study: 

Gastex,  a  nonimpingement-type  black  manufactured  from 
natural  gas.  A  semireinforcing  black  of  the  “soft”  type  widely 
used  in  rubber  goods. 

Acetylene  Black  (Shawinigan),  prepared  by  thermal  decom¬ 
position  of  acetylene.  A  soft-type  black  which  does  not  possess 
the  marked  rubber-reinforcing  properties  of  channel  blacks.  Its 
electrical  conductance  in  rubber  stocks  is  very  high. 

Spheron,  grades  9  through  1,  a  series  of  rubber-reinforcing  car¬ 
bon  blacks  prepared  by  impinging  natural  gas  flames  on  metal 
surfaces.  Their  essential  difference  is  particle  size,  grade  9  being 
the  coarsest  and  grade  1  the  finest  of  these  typical  rubber  blacks. 

Spheron  N,  a  channel  black  of  fine  particle  size  with  superior 
electrical  conducting  properties  when  compounded  in  rubber 
stocks. 

The  free  carbon  in  the  vulcanized  rubber  stocks  was  sep¬ 
arated  by  means  of  nitric  acid.  The  procedure  followed  was 
essentially  that  of  Oldham  and  Harrison  (5) . 

In  the  authors’  laboratory  it  is  the  practice  to  employ  a  0.75- 
to  1.00-gram  sample  of  rubber  stock  instead  of  the  0.15- 
gram  sample  suggested  by  Oldham  and  Harrison  (5).  While 
larger  samples  increase  the  time  required  for  washing  and  filter¬ 
ing,  it  is  the  authors’  experience  that  greater  accuracy  and  repro¬ 
ducibility  are  attained  thereby.  Jacob  Gabry,  to  whom  the 
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Table  I.  Experimental  Results 


Black 

Original 

Area  after 
Treating 

Area  after  Recovery 
from  Rubber 

Carbon  in 
HNOs 

Rubber 

Cresol 

Carbon 

Area 

with  HNOs 

By  HNOs 

By  cresol 

method 

method 

Calculated 

Sq.  m./g. 

Sq.  m./g. 

Sq.  m./g. 

Sq.  m./g. 

%*> 

% 

% 

Gastex 

26“ 

22 

21 

28.4 

27.7 

27.8 

Acetylene 

64 

'67 

63 

70 

Cabot  grade  9 

99 

100 

99 

27\8 

27.2 

27.8 

Cabot  grade  6 

109 

ii2 

110 

107 

27.7 

27.4 

27.8 

Cabot  grade  4 

143 

181 

175 

125 

27.9 

27.7 

27  8 

Cabot  grade  1 

210 

203 

156 

28.1 

27.7 

27.8 

Spheron  N 

330 

316 

326 

204 

Grade  6  in  Buna  S 

109 

113 

c 

29 9 

30 !  3 

°  A  previous  publication  ( 8 )  reported  40  sq.  m.  per  gram  as  the  surface  of  standard  Gastex.  C.  W. 
Snow,  General  Atlas  Co.,  has  kindly  stated  that  this  material  was  actually  CS-3  carbon.  The  present 
value  is  that  of  standard  Gastex. 
h  Ash-free  basis. 
c  Not  completely  soluble. 


authors  are  indebted  for  the  analytical  results  reported  here,  also 
points  out  that  it  is  essential  to  control  the  time  of  digestion  of  the 
rubber  stock  and  nitric  acid  to  3  to  4  hours  at  the  specified  tem¬ 
perature  of  60°  to  70°  C.  While  in  the  case  of  channel  blacks, 
the  weight  of  carbon  black  recovered  by  this  method  is  generally 
reported  (5)  to  be  105  per  cent  of  its  original  weight,  under  the 
conditions  reported  here  a  value  of  108  per  cent  has  been  found 
more  general.  Consequently,  a  correction  factor  of  1.08  is  em¬ 
ployed  instead  of  the  value  1.05  recommended  by  Oldham  and 
Harrison  (6). 

One  to  0.75  gram  of  the  vulcanized  stocks  was  digested  for  one 
hour  with  15  cc.  of  concentrated  acid.  After  the  addition  of 
another  35  cc.  of  acid,  digestion  was  continued  for  2  horns  more. 
In  order  to  avoid  contamination  of  the  black  for  the  subsequent 
surface  area  determination,  a  Selas  sintered  filter  crucible  FS- 
20-100  was  used  in  place  of  the  usual  asbestos  Gooch.  The 
crucible  and  black  were  washed  according  to  the  standard  method, 
then  dried  at  110°  for  2  hours.  The  per  cent  carbon  in  the  rubber 
stock  was  determined  directly  without  ignition.  The  surface 
area  of  the  dried  sample  of  recovered  black  was  then  determined 
by  low-temperature  nitrogen  adsorption.  The  ash  was  deter¬ 
mined  on  a  duplicate  sample  by  ignition.  In  all  compounds 
studied,  it  amounted  to  about  0.4  per  cent  by  weight  of  the  whole 
.  rubber  stock.  Thus  the  recovered  black  as  weighed  out  for  the 
surface  area  determination  contained  1.44  per  cent  ash.  The 
surface  values  in  column  4  of  Table  I  are  accordingly  1.44  per 
cent  lower  than  if  they  had  been  calculated  on  ash-free  basis. 
However,  in  the  absence  of  data  on  the  surface  area ’of  ash  itself, 
such  a  simple  correction  is  not  justified.  The  correction  in  any 
case  would  not  amount  to  more  than  1  or  2  square  meters  per 
gram,  a  value  too  small  to  cause  any  confusion  in  the  identification 
of  the  black. 

It  was  necessary  to  establish  that  no  appreciable  change  in  sur¬ 
face  area  of  the  carbon  black  was  brought  about  by  the  nitric  acid 
during  the  separation  of  the  black  from  the  rubber  stock.  In 
order  to  establish  this,  “blanks”  of  0.5-gram  samples  of  carbon 
black  alone  were  subjected  to  the  same  treatment  employed  with 
the  compounded  rubber  stock  and  the  surface  areas  of  the  blacks 
were  then  determined. 

The  use  of  cresol  for  the  separation  of  carbon  black  from 
rubber  stocks  has  been  described  by  Roberts  (7).  In  natural 
rubber  stocks,  this  method  gives  excellent  results  for  free 
carbon.  It  was  felt  that  there  would  be  less  opportunity 
for  alteration  of  the  carbon  surface  during  separation  by  this 
method  than  with  concentrated  nitric  acid.  The  carbon 
black  was  separated  from  the  stocks  by  cresol  according  to 
the  method  of  Roberts  (7).  The  surface  area  of  the  re- 
;  covered  carbon  was  then  measured. 

A  single  determination  of  the  area  of  a  grade  6  carbon 
black  recovered  from  a  Buna  S  stock  with  nitric  acid  was 
carried  out.  As  it  was  not  possible  to  get  complete  solution 
of  this  stock  in  cresol,  the  method  had  to  be  abandoned  in 
this  instance. 

Experimental  Results 

Table  I  presents  a  summary  of  the  data  collected.  With 
the  exception  of  the  Gastex  and  grade  9  channel  black,  which 
are  values  for  single  recoveries,  the  surface  area  values  re¬ 


ported  are  the  average  of  at  least  two 
independent  recoveries.  The  devia¬ 
tion  in  all  cases  was  not  more  than  3 
per  cent. 

The  data  indicate  that  carbon  black 
undergoes  no  appreciable  alteration  in 
surface  area  during  incorporation  in, 
or  vulcanization  of,  a  rubber  stock. 
With  but  a  single  exception,  the  sur¬ 
face  areas  of  the  carbon  blacks  studied 
are  substantially  the  same  before  in¬ 
corporation  and  after  removal  from 
the  rubber  stock  by  means  of  nitric 
acid. 

It  is  not  possible  to  offer  any  ready 
explanation  for  the  25  per  cent  in¬ 
crease  in  surface  of  the  grade  4 
sample.  This  is  not  due  to  any  peculiar  effect  of  the  rubber 
on  the  carbon  black,  since  the  black  alone  in  nitric  acid 
showed  an  appreciable  increase  in  surface.  There  was  nothing 
peculiar  in  the  method  of  manufacture  or  properties  of  this 
particular  sample  to  account  for  its  apparent  increased 
activity  toward  nitric  acid.  In  any  case,  the  alteration  in 
the  surface  area  of  the  recovered  carbon  is  still  not  sufficient 
to  confuse  its  identity. 

In  general,  both  the  nitric  acid  and  cresol  methods  gave 
excellent  results  for  the  amount  of  free  carbon  in  the  stocks. 
The  surface  areas  of  the  blacks  recovered  by  the  cresol  method 
show  satisfactory  agreement  with  the  original  supply  in  the 
case  of  the  coarser  blacks.  However,  with  the  finer  particle 
blacks,  the  surface  is  considerably  reduced.  Thus,  grade  1 
black  has  an  original  surface  of  210  square  meters  per  gram. 
After  recovery  from  the  tread  stock,  by  cresol  extraction 
this  value  was  only  156.  After  treating  a  0.5-gram  sample 
of  this  type  black  with  cresol  according  to  the  standard 
procedure,  the  surface  was  165  square  meters  per  gram. 
Evidently  a  small  amount  of  material  is  retained  by  the 
carbon  in  spite  of  the  extensive  washings  and  heating  de¬ 
scribed  in  the  procedure.  The  amount  is  not  sufficient  to 
alter  the  weight  of  the  sample  appreciably,  but  it  is  sufficient 
to  block  off  certain  interspaces  in  the  black  that  were  formerly 
accessible  to  the  nitrogen  molecule.  Such  an  effect  should 
become  more  pronounced  the  finer  the  particle  size  of  the 
black.  Accordingly,  the  cresol  method  of  recovery  is  not 
satisfactory  for  separating  carbon  black  from  “unknown” 
rubber  stocks  for  identification  by  surface  area  measure¬ 
ments. 

The  Buna  S  stock  showed  little  solubility  in  cresol  and 
quantitative  recovery  of  carbon  was  not  possible.  It  was 
possible,  however,  to  get  a  satisfactory  recovery  of  the  carbon 
from  the  Buna  S  stock  with  nitric  acid.  In  order  to  obtain 
complete  solution,  it  was  necessary  to  digest  this  stock  with 
nitric  acid  somewhat  longer  than  the  specified  3  hours. 
This  more  drastic  procedure  is  reflected  in  the  slight  increase 
in  surface  area  of  the  recovered  carbon. 

Conclusions 

In  general  then,  we  may  conclude  that  carbon  black  can 
be  recovered  from  rubber  stocks  with  unchanged  surface  area. 
The  nitric  acid  technique  is  the  most  effective  method  of 
effecting  the  separation.  The  digestion  temperature  must 
be  controlled  to  between  60°  and  70°  C.  for  a  total  of  not  more 
than  3  to  4  hours.  This  method  of  identifying  the  carbon 
black  in  an  unknown  rubber  stock  is  directly  applicable  only 
in  the  presence  of  a  single  type  of  carbon  black.  If  blends 
of  blacks  are  employed  in  the  material  under  investigation, 
some  secondary  identification  is  also  required.  The  non¬ 
impingement-type  blacks,  for  example,  are  readily  identified 
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by  microscopic  observation.  From  the  known  surface  areas 
of  these  materials  and  the  total  per  cent  carbon  present  in 
the  stock,  a  fairly  positive  identification  of  the  blend  can  be 
made. 

The  fact  that  carbon  black  can  be  recovered  quantitatively 
and  with  unchanged  surface  area  from  vulcanized  rubber 
stocks  appears  to  lend  impetus  to  a  physical  concept  of 
carbon  black  reinforcement.  This  point  of  view  implies 
that  any  chemical  combination  between  the  ingredients  of 
the  rubber  stock  and  the  carbon  black  would  be  evidenced  by 
some  alteration  in  the  surface  of  the  latter.  A  few  experi¬ 
ments  were  performed  in  an  attempt  to  establish  to  what 
extent  this  concept  was  valid. 

One  hundred  grams  of  grade  6  carbon  black  were  intimately 
mixed  with  6.6  grams  of  sulfur.  This  is  about  the  ratio  in  which 
they  are  present  in  a  standard  rubber  batch.  Samples  of  this 
mixture  were  subjected  to  the  standard  curing  temperature  of 
134°  C.  for  30,  60,  and  90  minutes.  The  free  sulfur  was  then 
extracted  for  40  hours  with  acetone  and  the  combined  sulfur  on 
the  carbon  was  determined.  Values  of  0.16,  0.21,  and  0.4  per 
cent  combined  sulfur  were  obtained.  The  original  sample  of 
grade  6  carbon  black  had  a  surface  area  of  108  square  meters  per 
gram.  The  extracted  sample  of  black  containing  0.4  per  cent  of 
combined  sulfur  had  a  surface  area  of  109  square  meters  per 
gram.  These  values  are  identical  within  experimental  error. 


While  unaltered  surface  area  need  not  necessarily  be  inter¬ 
preted  as  evidence  of  complete  lack  of  surface  reactions,  it 
is  the  authors’  opinion  that  the  extent  of  chemical  combina¬ 
tion  at  the  carbon  black  surface  is  very  small.  This  inter¬ 
pretation  is  in  accord  with  the  views  expressed  in  a  previous 
publication  ( 9 ),  where  it  was  suggested  that  the  chief  role  of 
carbon  black  in  rubber  reinforcement  may  rest  on  its  ability 
to  orient  the  chains  of  rubber  molecules  (4)  and  thus  alter 
the  extent  and  type  of  rubber-sulfur  bonds  normally 
formed  in  nonreinforced  rubber  stocks. 
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Rapid  Iodine  Number  Determinations 

FRANK  A.  NORRIS  AND  ROBERT  J.  BUSWELL 
General  Mills,  Inc.,  Research  Laboratories,  Minneapolis,  Minn. 


OF  THE  numerous  iodine  number  methods  described  in 
the  literature  for  determining  the  unsaturation  of  fats 
and  oils,  the  Wijs  and  Hanus  methods  are  used  most  exten¬ 
sively  ( 4 ),  although  the  Rosenmund-Kuhnhenn  method, 
especially  in  its  micromodification,  is  used  to  a  considerable 
extent  in  biological  work.  The  Wijs  reagent,  official  with 
the  American  Oil  Chemists  Society,  gives  theoretical  values 
for  pure  nonconjugated  unsaturated  fatty  acids,  but  it  is 
sensitive  to  light  and  is  not  recommended  for  use  when  more 
than  30  days  old.  The  Hanus  reagent,  on  the  other  hand, 
usually  gives  results  about  2  to  4  per  cent  lower  than  those 
obtained  with  the  Wijs  method,  but  it  is  stable  and  when 
protected  from  light  will  remain  in  a  satisfactory  condition 
for  a  year  or  longer.  The  Rosenmund-Kuhnhenn  reagent  is 
also  stable  but  gives  results  appreciably  low  for  all  oils  of 
iodine  number  greater  than  100  (2).  The  reaction  time  for 
all  three  methods  is  usually  0.5  to  1  hour,  depending  upon  the 
degree  of  unsaturation  of  the  sample. 

Some  time  ago,  Hoffman  and  Green  (S)  suggested  the 
addition  of  mercuric  acetate  to  the  Wijs  reagent  in  order  to 
cut  the  reaction  time  to  3  minutes  without  any  change  in  the 
iodine  number.  This  convenient  rapid  method  has  appar¬ 
ently  escaped  much  attention.  One  of  the  present  authors 
(5),  however,  has  used  this  modified  procedure  on  oils  con¬ 
taining  conjugated  double  bonds.  Results  obtained  on  tung 
oil  are  shown  in  Figure  1.  Here  the  standard  Wijs,  rapid 
Wijs,  and  standard  Rosenmund-Kuhnhenn  methods  are 
compared.  Results  obtained  with  the  standard  Hanus 
method  are  not  shown,  since  they  are  known  to  be  erratic 
when  the  reagent  is  employed  in  its  normal  concentration 
(0.2  N).  [Theoretical  iodine  numbers  on  pure  conjugated 
fatty  acids  have  been  reported  by  von  Mikusch  ( 6 ),  using  an 


approximately  double  strength  Hanus  reagent.  However, 
normal  strength  Hanus  reagent  usually  gives  high  and  erratic 
results  (1).) 

Standard  (slow)  Wijs  values  are  largely  dependent  upon 
the  excess  of  reagent  employed,  the  iodine  number  varying 
43  units  in  an  excess  range  of  25  to  272  per  cent.  Rapid 
Wijs  values,  however,  vary  only  insignificantly  in  the  reagent 
excess  range  of  30  to  225  per  cent,  permitting  much  greater 
latitude  in  sample  weights.  The  55  =•=  3  per  cent  excess  re- 


Figure  1 
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Table  I.  Comparison  of  Standard  and  Rapid  Hanus  Iodine 
Values  on  Unconjugated  Fats 


Fat 

Sardine  oil 
Linseed  oil 
Soybean  oil 
Corn  oil 
Cottonseed  oil 
Castor  oil 
Olive  oil 

Rendered  pork  fat 


Standard  Hanus 

187.0 

173.4 
127.0 

125.4 
109.2 

84.0 

84.6 

65.7 


Value 

Rapid  Hanus 

186.6 

174.0 

126.2 

124.9 

109.5 

90.7 
85.0 

65.7 


agent  recommended  for  tung  oil  (I)  in  the  standard  Wijs 
method  gives  values  located  on  the  steep  part  of  the  curve 
and  hence  susceptible  to  maximum  error.  An  excess  range 
of  125  to  150  per  cent  would  be  a  better  choice  if  the  standard 
Wijs  method  is  used.  The  Rosenmund-Kuhnhenn  method 
(1  hour)  is  second  to  the  rapid  Wijs  in  utility  but  the  values 
obtained  are  slightly  low,  and  if  reaction  time  is  shortened  to 
15,  30,  or  45  minutes  a  further  lowering  of  the  iodine  value  is 
obtained,  values  tending  to  decrease  gradually  with  decreas¬ 
ing  reaction  time  below  one  hour. 

Recently,  the  authors  had  need  of  an  iodine  number  re¬ 
agent  suitable  for  intermittent  use  over  fairly  long  periods  of 
time.  The  stability  of  Hanus  solution  and  the  catalytic 
•effect  of  mercuric  acetate  on  iodine  absorption  of  conjugated 
fats  indicated  that  this  combination  be  tried  on  nonconju- 
gated  materials.  Their  results  are  summarized  in  Table  I. 

With  the  single  exception  of  castor  oil,  the  standard  and 
rapid  Hanus  iodine  number  methods  check  within  the  allow¬ 
able  experimental  error  (one  unit).  The  anomalous  result 
with  castor  oil  is  due  to  its  content  of  ricinoleic  acid,  as  in¬ 
dicated  by  experiments  on  a  ricinoleic  acid  concentrate.  With 
-conjugated  materials  the  rapid  Hanus  method  is  not  satisfac¬ 
tory,  since  the  iodine  number  varies  with  excess  of  reagent 
used  in  the  determination.  Representative  results  on  a 
sample  of  tung  oil  are  shown  in  Table  II. 


Experimen  tal 

Rapid  Hanus  Method.  The  iodine  numbers  were  determined 
in  the  manner  usually  employed  for  the  Hanus  reagent  (4)  except 
that  the  25  ml.  of  reagent  were  followed  by  10  ml.  of  a  2.5  per  cent 
solution  of  mercuric  acetate  in  glacial  acetic  acid.  The  mixture 
was  then  shaken  and  titrated,  after  3  to  5  minutes’  standing. 
Rapid  Hanus  blanks  were  consistently  found  to  be  about  3.2  per 
•cent  lower  than  those  of  the  standard  Hanus  method.  Thus,  the 
omission  of  mercuric  acetate  solution  from  the  blank  would  in¬ 
crease  the  apparent  iodine  number  of  linseed  oil  by  about  two 
units. 

Theoretical  reagent  excesses  were  calculated  on  the  basis  of 
-an  assumed  iodine  value  of  170  for  tung  oil.  For  example,  if  the 
blank  titration  was  50.25  ml.  and  a  55  per  cent  excess  of  reagent 
was  desired  at  the  end  of  the  reaction,  then  the  titration  of  the 

50  23 

sample  should  amount  to  ^  j..  or  32.41  ml.  Assuming  an  iodine 
value  of  170,  then 

170  =  32  41  (grams  °f  b  Per  ml.  of  thiosulfate)  ^ 
weight  of  sample 


If  1  ml.  of  thiosulfate  is  equivalent  to  0.013  gram  of  I2, 


Preparation  of  a  Ricinoleic  Acid  Concentrate.  The 
limited  solubility  of  ricinoleic  acid  and  its  glycerides  in  pe¬ 
troleum  ether  was  utilized  in  this  preparation. 

Castor  oil  (180  grams)  was  extracted  five  times  with  100  ml. 
of  petroleum  ether  (30°  to  60°)  at  about  -30°  C.  The  residue 
(146.5  grams),  freed  from  solvent,  was  saponified  with  400  ml. 
of  20  per  cent  alcoholic  potassium  hydroxide,  and  the  free  fatty 
acids  were  liberated  in  the  usual  manner.  Petroleum  ether  (200 
ml.)  was  then  added  to  dissolve  the  nonricinoleic  acid  unsatu¬ 
rated  constituents,  and  the  lower  fatty  acid  layer  was  re-extracted 
with  100  ml.  of  petroleum  ether.  Following  this,  six  cold  extrac¬ 
tions  were  made  using  petroleum  ether  at  —  65°  C.  (this  warmed 
to  about  —10°  or  —  20°  C.  after  mixing  with  the  fatty  acids  in  a 
separatory  funnel).  The  residue  was  then  taken  up  in  ethyl 
ether,  washed  free  of  sulfuric  acid,  the  solution  dried  with  an¬ 
hydrous  sodium  sulfate,  and  the  ether  removed  in  vacuo. 

The  ricinoleic  acid  concentrate,  melting  point  6°,  C.  ex¬ 
hibited  a  rapid  Hanus  iodine  number  of  85.4  (theoretical, 
85.1)  and  a  standard  Hanus  value  (0.5  hour)  of  80.3,  show¬ 
ing  that  ricinoleic  acid  is  the  substance  responsible  for  the  di¬ 
vergent  results  obtained  on  castor  oil  with  the  rapid  and 
standard  Hanus  methods.  Which  of  the  two  methods  most 
nearly  measures  the  true  degree  of  unsaturation  cannot  be 
stated  at  this  time,  since  it  was  not  feasible  to  carry  the  puri¬ 
fication  procedure  further.  However,  the  product  obtained 
by  the  method  just  outlined  is  likely  to  be  contaminated  with 
saturated  and  possibly  some  dihydroxy  acids  rather  than  with 
oleic  or  linoleic  acids.  Hence,  the  iodine  number  may  be 
lower  than  expected  on  the  basis  of  pure  ricinoleic  acid. 
Consequently,  the  low  value  obtained  by  the  standard  Hanus 
method  may  be  due  partly  or  entirely  to  contamination. 


Table  II.  Effect  of  Reagent  Excess  on  Rapid  Hanus 
Iodine  Values  of  Tung  Oil 


Excess  Reagent 

Sample  Weight 

Theoretical 

Actual 

Iodine  Value 

Gram 

% 

% 

0 . 0600 

540 

395 

220.0 

0.0600 

540 

392 

220.3 

0.1013 

278 

209 

207.8 

0.0996 

284 

213 

207.3 

0.1496 

156 

138 

183.0 

0.1492 

157 

138 

183.7 

0.2145 

78.6 

91.2 

158.3 

0.2140 

78.8 

93.4 

157.1 

0 . 2490 

53.7 

78.3 

146.6 

0.2485 

54.1 

78.2 

146.8 

Summary 

The  combination  of  mercuric  acetate  and  Wijs  solution 
provides  a  rapid  iodine  number  method  suitable  for  use  on 
conjugated  fats. 

A  rapid  iodine  number  method  involving  the  use  of  easily 
prepared  and  stable  solutions  comprises  the  combination  of 
mercuric  acetate  with  Hanus  solution.  This  reagent  gives 
values  identical  with  those  obtained  in  the  standard  Hanus 
method  on  nonconjugated  fats,  with  the  notable  exception  of 
castor  oil,  where  the  ricinoleic  acid  content  is  responsible  for 
higher  values  obtained  by  the  rapid  method.  On  conju¬ 
gated  fats  the  method  is  unsatisfactory. 


Weight  of  sample  =  32  41  =  0.248  gram 

Excesses  calculated  in  this  way  are  the  only  safe  ones  to 
use  for  conjugated  fats,  since  otherwise  the  excess  may  be 
•calculated  on  the  basis  of  an  incorrect  experimentally  ob¬ 
tained  iodine  value.  This  calculation  is  especially  valuable 
for  pure  conjugated  fatty  acids  since,  in  this  case,  the  iodine 
value  is  known  and  need  not  be  assumed. 


Literature  Cited 

(1)  Am.  Oil.  Chem.  Soc.,  Official  Methods  (Jan.  1,  1941). 

(2)  Earle,  F.  R.,  and  Milner,  R.  T.,  Oil  and  Soap,  16,  69  (1939). 

(3)  Hoffman,  H.  D.,  and  Green,  C.  E.,  Ibid.,  16,  236  (1939). 

(4)  Jamieson,  G.  S.,  “Vegetable  Fats  and  Oils”,  p.  342,  New  York, 

Reinhold  Publishing  Corp.,  1932. 

(5)  Kass,  J.  P.,  Norris,  F.  A.,  and  Burr,  G.  O.,  paper  read  before 

the  Division  of  Paint  and  Varnish  Chemistry,  at  99th  Meet¬ 
ing  of  the  American  Chemical  Society  at  Cincinnati,  Ohio. 

(6)  Von  Mikusch,  J.  D.,  and  Frazier,  Charles,  Ind.  Eng.  Chem., 

Anal.  Ed.,  13,  782  (1941). 


Determining  Glycerol  in  Crude  Glycerin  and 

in  Soap  Lyes 

WILLIAM  J.  GOV AN,  JR.,  Pacific  Soap  Company,  Ltd.,  San  Diego,  Calif. 


A  SIMPLE,  rapid  method  for  determining  glycerol  in  crude 
glycerin  and  soap  lyes  has  been  needed  for  a  long  time. 
The  international  acetin  method  (S),  though  accurate,  is 
lengthy  and  is  applicable  only  to  samples  containing  a 
maximum  of  60  per  cent  water.  The  dichromate  method  ( 1 ) 
requires  a  preliminary  purification  and  filtration,  and  its 
results  tend  to  be  high.  The  Bertram-Rutgers  method  (2), 
though  simple  and  rapid,  is  lacking  in  accuracy.  Distillation 
methods  are  usually  lengthy  and  require  special  apparatus. 

Experimental  data  ( 5 )  showed  that  the  loss  of  glycerol  from 
boiling  aqueous  glycerol  solutions  was  negligible  from  a 
quantitative  standpoint,  and  that  the  loss  of  glycerol  from 
anhydrous  0.5-gram  samples  in  small  glass  beakers  at  100°  C. 
was  on  the  order  of  2  mg.  per  hour.  This  latter  fact  indicated 
that  a  margin  of  safety  could  be  expected  for  a  quantitative 
method  of  removing  water  from  aqueous  glycerol  solutions 
by  evaporation.  An  accurate,  quick  method  0£)  had  already 
been  found  for  removing  both  water  and  glycerol  from  an 
aqueous  glycerol  sample.  It  was  reasoned  that,  if  water 
alone  could  be  evaporated  from  an  equal  aliquot  portion 
of  the  same  sample,  the  percentage  of  glycerol  could  be  cal¬ 
culated  from  the  difference  in  weight  of  the  two  residues. 
The  evaporation  of  water  from  an  aqueous  glycerol  solution 
at  100°  C.  would  be  slow  work  at  best.  Therefore,  to  speed 
up  the  evaporation,  many  combinations  of  low-boiling 
solvents  such  as  ethyl  alcohol,  ethyl  ether,  methyl  alcohol, 
and  benzene  were  tried.  Methyl  alcohol  and  ethyl  ether 
were  finally  adopted  as  the  most  satisfactory. 

Preparation  of  Sample 

Soap  Lye  Crude  Glycerin  and  Saponification  Crude 
Glycerin.  Eight  to  10  =*=  0.001  grams  are  weighed  into  a  tared 
100-ml.  measuring  flask  and  about  50  ml.  of  water  are  added. 
The  contents  are  well  mixed,  adjusted  to  the  phenolphthalein  end 
point  with  dilute  hydrochloric  acid  or  sodium  hydroxide,  made  up 
to  the  100-ml.  mark  with  more  water,  and  thoroughly  mixed. 

Soap  Lye.  Thirty-five  to  50  grams  of  lye  are  weighed  into  a 
tared  100-ml.  measuring  flask,  the  smaller  sample  for  lyes  of  high 
salt  content.  The  sample  is  adjusted  to  the  phenolphthalein  end 
point  with  hydrochloric  acid  or  sodium  hydroxide.  One  to  2  ml.  of  a 
10  per  cent  aqueous  solution  of  a  wetting  agent  (Aerosol  OT)  are 
added,  and  the  sample  is  made  up  to  the  100-ml.  mark  with  water 
and  thoroughly  mixed.  The  use  of  a  wetting  agent  tends  to  re¬ 
duce  spattering. 

Removal  of  Water  from  Aliquot  Portions 

Two  5-ml.  aliquot  portions  of  the  sample  are  pipetted  into  tared 
60-ml.  Erlenmeyer  weighing  bottles  (the  bottles  have  a  diameter 
of  50  mm.  at  the  base,  are  75  mm.  high,  and  take  a  24/12  f 
stopper),  and  5  ml.  of  methanol  are  added.  The  unstoppered 
bottles  are  placed  in  a  natural  convection  drying  oven  main¬ 
tained  at  100°  ±  2°  C.  The  oven  must  have  ample  top  and  bot¬ 
tom  vents  for  quick  heat  transfer,  and  its  make  and  break  contact 
points  must  be  located  below  the  samples  for  safety.  Narrow 
strips  of  0.6-cm.  (0.25-inch)  asbestos  millboard  placed  on  the 
metal  shelf  of  the  oven  are  effective  in  preventing  spattering. 
The  Sargent  electric  drying  oven  S-63995  has  been  found  satis¬ 
factory. 

When  the  residue  in  the  bottles  is  reduced  to  a  thin  sirupy  con¬ 
sistency  by  evaporation  and  the  characteristic  sweet  odor  ob¬ 
tained  when  glycerol  is  heated  under  these  conditions  is  faintly 
perceptible,  the  bottles  are  removed  from  the  oven.  (The  time 
varies  between  65  and  80  minutes.)  Five  milliliters  of  ethyl  ether 
are  then  added  and  swirled  in  the  bottom  of  the  bottles  for  2 
minutes.  The  bottles  are  put  back  into  the  oven  and  dried  at 
100°  C.  for  about  25  minutes,  until  the  acrid  odor  of  ether  is  no 
longer  perceptible  and  the  odor  associated  with  glycerol  vapor  is 


again  noticeable.  The  bottles  are  then  brought  to  room  tem¬ 
perature  in  a  desiccator  over  concentrated  sulfuric  acid,  stop¬ 
pered,  and  weighed  to  the  fourth  decimal  place.  The  drying  with 
the  addition  of  5  ml.  of  ether  is  repeated  until  the  loss  in  weight  is 
less  than  0.002  gram.  Usually,  only  one  extra  drying  is  neces¬ 
sary.  The  final  weight,  minus  the  tare,  may  be  termed  “residue 
at  100°  C.” 

Removal  of  Both  Water  and  Glycerol  from  Aliquot 

Portion 

For  this  determination  an  infrared  drying  oven  is  used,  either 
as  described  in  a  previous  paper  (4)  or  in  the  following  manner: 
The  top  and  bottom  of  an  ordinary  tin  can,  15  cm.  (6  inches)  in 
diameter  and  17.5  cm.  (7  inches)  high,  are  cleanly  cut  out,  and 
four  inverted  V  notches,  about  2.5  cm.  (1  inch)  in  height,  are  cut 
from  the  base.  The  can  is  mounted  on  its  notched  end  upon  a 
porcelain  or  asbestos  surface.  A  250-watt  infrared  reflector¬ 
drying  lamp  (General  Electric  R-40)  is  supported  directly  over  the 
top  opening  of  the  tin  can.  A  thermometer  is  inserted  into  one 
of  the  notches,  so  that  its  bulb  rests  directly  beneath  the  center 
of  the  drying  lamp. 

Two  5-ml.  aliquot  portions  of  the  sample  are  pipetted  into 
tared,  shallow,  flat-bottomed  evaporating  dishes  of  about  70-mm. 
diameter.  The  tin  can  is  set  aside  and  the  evaporating  dishes  are 
placed  adjacent  and  on  each  side  of  the  thermometer  bulb.  The 
tin  can  is  replaced  and  current  to  the  lamp  is  switched  on. 
Preliminary  evaporation  is  done  with  the  lamp  at  a  distance  of 
about  20  cm.  (8  inches)  from  the  dishes.  When  the  residue  is  al¬ 
most  dry,  the  lamp  is  raised  slightly  to  prevent  spattering  of  salt 
crystals.  The  temperature  up  to  this  point  is  disregarded. 
When  the  fumes  of  glycerol  are  scarcely  to  be  seen  coming  off, 
the  reading  of  the  thermometer  is  brought  to  160°  C.  by  adjusting 
the  height  of  the  lamp.  This  temperature  is  maintained  for  30 
minutes,  after  which  the  evaporating  dishes  are  removed,  cooled 
to  room  temperature  in  a  desiccator  over  concentrated  sulfuric 
acid,  and  weighed  rapidly  to  the  fourth  decimal  place.  This 
weight  minus  the  tare  may  be  termed  “residue  at  160°  C.”  The 
over-all  drying  time  rarely  exceeds  90  minutes. 

Calculation. 

(Residue  at  100°  C.  —  residue  at  160°  C.)  X  100  „  ,  ,  , 

- 1/20  original  sample -  =  %  of  g^erol 

Samples  1  and  2  are  American  Oil  Chemists  Society  stand¬ 
ard  sample  crude  glycerin  (February  1,  1929).  The  figure 
83.33  per  cent  is  the  “true  glycerol”  content  and  represents 
the  averaged  findings  of  the  laboratories  of  several  soap 
companies.  Samples  3  to  9,  inclusive,  are  crude  glycerins, 
both  saponification  and  soap-lye,  obtained  from  five  different 
soap  companies.  The  figures  in  the  first  column  represent 


Table  I.  Experimental  Results 


Sample  No. 

- Net  Glycerol — 

Acetin 

method 

Evaporation 

method 

Difference 

% 

% 

% 

1 

83.33 

83.66 

0.33 

2 

83.33 

83.51 

0.18 

3 

85.04 

85.20 

0.16 

4 

79.62 

79.80 

0.18 

5 

78.23 

78.39 

0.16 

6 

88.20 

88.45 

0.25 

7 

88.07 

88.26 

0.19 

8 

89.56 

89.85 

0.29 

9 

90.37 

90.38 

0.01 

Glycerol 

expected 

Glycerol 

found 

Difference 

Gram 

Gram 

Gram 

10 

0.1655 

0.1646 

0.0009 

11 

0.3106 

0.3111 

0.0005 
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independent  analyses  by  the  acetin  method.  Samples  10  and 
11  are  “synthetic  soap  lyes”,  made  from  weighed  amounts  of 
the  standard  A.  0.  C.  S.  crude  glycerin,  salt,  and  water,  to 
simulate  the  average  soap  lyes  found  in  practice. 

Summary 

This  method  offers  many  advantages.  The  over-all  time 
is  about  4  hours,  and  the  applied  time  is  less  than  1  hour. 
The  technique  is  simple  and  the  apparatus  is  readily  avail¬ 
able.  The  deviation  from  accepted  or  independent  analyses 
of  crudes  is  less  than  5  parts  per  thousand,  a  fact  that  recom¬ 
mends  it  as  a  cost-accounting  tool. 

Although  the  method  has  not  been  perfected  to  the  degree 


that  the  author  would  like,  he  feels  that  it  is  essentially  use¬ 
ful  as  it  stands  and  that  refinements  may  be  added  when  it 
is  generally  tried  out. 
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Determination  of  Tin  in  Babbitts,  White  Metal 

Alloys,  and  Bronze 

EDWARD  T.  SAXER  AND  ROBERT  E.  MINTO,  Otis  Works,  Jones  and  Laughlin  Steel  Corp.,  Cleveland,  Ohio 


WHILE  seeking  a  more  satisfactory  method  for  the 
determination  of  small  amounts  (<0.05  per  cent)  of 
tin  in  steel  (8) ,  the  authors  found  that  Stanreduce  (Harshaw 
Scientific  Co.,  Cleveland,  Ohio)  is  an  excellent  reductant  for 
the  larger  amounts  of  tin  in  bronze  and  white  metal  alloys. 

This  paper  presents  the  noteworthy  features  of  the  im¬ 
proved  methods  developed  for  these  alloys:  simplicity, 
speed  of  reduction,  and  elimination  of  the  use  of  rubber  tub¬ 
ing  and  external  gas  supply.  The  three  methods  outlined 
should  serve  as  a  guide  in  developing  a  method  adaptable  to 
virtually  any  kind  of  alloy  containing  tin. 

The  authors  make  no  claim  to  originality  of  method,  the 
chemistry  presented  being  essentially  that  first  used  by  Low 
(8).  They  felt,  however,  that  sufficient  contradiction  existed 
in  the  literature  to  merit  a  detailed  study  of  the  effects  of  the 
various  manipulative  procedures  involved.  The  methods 
outlined  are  direct  applications  of  data  derived  from  this 
study. 

Determination  of  Tin  in  Lead-Base  Bearing  Metal 

The  following  procedure  applies  to  lead-base  bearing  metal 
of  the  type  of  National  Bureau  of  Standards  sample  No.  53, 
which  contains:  lead,  78.87  per  cent;  tin,  10.91;  antimony, 
10.09;  bismuth,  0.06;  copper,  0.05;  iron,  0.05;  and  arsenic 
0.02  (see  Table  I). 

Place  2.0000  grams  of  a  finely  divided  sample  in  a  300-ml. 
Erlenmeyer  flask,  add  5.00  grams  of  potassium  sulfate  and  15  ml. 
of  concentrated  sulfuric  acid,  and  heat  the  mixture  on  a  hot  plate 
until  the  lead  sulfate  turns  white.  Cool  the  mixture,  first  in  air 
and  then  for  a  moment  with  tap  water,  and  dilute  with  10  ml.  of 
water  followed  by  150  ml.  of  2  to  1  hydrochloric  acid.  Add  10 
grams  of  Stanreduce  and  place  a  one-hole  rubber  stopper,  through 
which  passes  a  short  capillary  tube,  lightly  on  the  mouth  of  the 
flask.  Place  the  flask  on  a  hot  plate  at  150°  C.  and  bring  to  a 
boil.  Boil  gently,  maintaining  the  height  of  the  foam  at  between 
0.925  and  1.25  cm.  (0.375  and  0.5  inch).  Stopper  the  flask 
tightly,  cover  the  capillary  tube  with  a  rubber  policeman,  and 
quickly  remove  the  flask  from  the  hot  plate.  Allow  it  to  stand 
for  about  2  minutes,  during  which  time  the  hydrogen  formed  re¬ 
places  the  condensing  steam,  then  place  the  flask  in  a  water  bath 
and  cool  to  30°  C.  or  lower. 

Into  a  500-ml.  Erlenmeyer  flask  pour  10  ml.  of  1  to  2  hydro¬ 
chloric  acid  and  5  ml.  of  starch  solution,  and  add  one  2.1-gram 
compressed  sodium  carbonate  tablet.  While  the  carbon  dioxide 
is  forming,  fill  a  100-ml.  buret  with  standard  potassium  iodate 
solution,  add  a  second  bicarbonate  tablet  to  the  500-ml.  flask, 
withdraw  the  300-ml.  flask  from  the  water  bath,  and  remove  the 
rubber  policeman  and  then  the  rubber  stopper.  Now  add  135 
ml.  of  cold  water  to  the  500-ml.  flask  and  into  it  quickly  decant 


Table  I.  Determination  of  Tin  in  Lead-Base  Bearing 

Metal 

(National  Bureau  of  Standards  sample  53,  10.91  per  cent  tin.  0.2182  gram 

of  tin  present) 

Determination  Determination 

No.  Tin  Found  No.  Tin  Found 


Gram 

% 

Gram 

% 

0.2168 

10.84 

6 

0.2196 

10.98 

0.2182 

10.91 

7 

0.2186 

10.93 

0.2186 

10.93 

8 

0.2192 

10.96 

0.2186 

10.93 

9 

0.2192 

10.96 

0.2196 

10.98 

10 

0.2182 

10.91 

Mean 

0.21866 

10.93 

the  solution  from  the  300-ml.  flask.  Immediately  wash  the  300- 
ml.  flask  and  Stanreduce  with  1  to  2  hydrochloric  acid  and  decant 
the  washing  into  the  500-ml.  flask.  Add  another  sodium  bicar¬ 
bonate  tablet  as  needed;  a  total  of  three  or  four  tablets  will  suffice. 
Titrate  at  once  to  a  blue  end  point.  Without  delay  wash  the 
Stanreduce  with  10  ml.  of  1  to  2  hydrochloric  acid,  decant  into  the 
500-ml.  flask,  and  again  titrate.  Repeat  this  latter  procedure 
until  a  permanent  end  point  is  obtained. 

Standardizing.  Weigh  out  0.2000-gram  portions  of  pure  tin, 
or  use  2.0000-gram  portions  of  National  Bureau  of  Standards 
sample,  and  treat  by  the  appropriate  method. 

Notes.  Solution  of  the  sample  is  obtained  best  at  a  tempera¬ 
ture  of  440  0  C.  on  a  heater  like  the  Gilmer.  If  a  lead-base  babbitt 
contains  sufficient  copper  to  interfere,  tin  should  be  determined  as 
directed  below  for  a  tin-base  babbitt.  As  a  safety  precaution,  all 
flasks  should  be  vacuum-tested  and  examined  for  flaws.  The 
strong  hydrochloric  acid  (2  to  1)  is  necessary  to  prevent  the  pre¬ 
cipitation  of  antimony  when  large  amounts  are  contained  in  the 
sample.  The  Stanreduce  may  be  recovered  for  re-use  by  washing 
and  drying.  It  should  be  sifted  and  the  portion  finer  than  65- 
mesh  discarded. 

Determination  of  Tin  in  Tin-Base  Bearing  Metal 

The  following  procedure  applies  to  tin-base  bearing  metal 
of  the  type  of  National  Bureau  of  Standards  sample  No.  54a. 
containing:  lead,  0.21  per  cent;  tin,  88.61;  antimony,  7.32; 
bismuth,  0.019;  copper,  3.75;  iron,  0.041;  and  arsenic,  0.031 
(see  Table  II). 

Place  0.5000  gram  of  the  finely  divided  sample  in  a  300-ml. 
Erlenmeyer  flask,  and  add  10  ml.  of  1  to  1  nitric  acid.  When 
dissolved,  evaporate  the  solution  to  dryness  on  a  hot  plate  at  125  ° 
to  140°  C.  Bake  for  15  minutes,  digest  the  residue  with  20  ml.  of 
1  to  1  nitric  acid  for  5  minutes,  and  then  decant  onto  a  9-cm.  No. 
42  Whatman  paper.  By  decantation,  wash  the  metastannic  acid 
in  the  flask  three  times  with  hot  2  per  cent  nitric  acid,  wash  the 
contents  of  the  filter  paper  three  times  with  hot  2  per  cent  nitric 
acid,  discard  the  filtrate,  and  return  the  filter  paper  to  the  flask. 
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Table  II.  Determination  of  Tin  in  Tin-Base  Bearing 

Metal 

(National  Bureau  of  Standards  sample  54a,  88.61  per  cent  tin.  0.4431  gram 

of  tin  present) 

Determination  Determination 

No.  Tin  Found  No.  Tin  Found 


Gram 

% 

Gram 

% 

1 

0.4437 

88.74 

6 

0.4437 

88.74 

2 

0.4437 

88.74 

7 

0.4437 

88.74 

3 

0.4437 

88.74 

8 

0 . 4432 

88.63 

4 

0.4432 

88.63 

9 

0.4432 

88.63 

5 

0.4426 

88.52 

10 

0.4432 

88.63 

Mean 

0.4434 

88.67 

To  the  flask  add  15  ml.  of  sulfuric-perchloric  acid  mixture  (666 
ml.  of  concentrated  sulfuric  acid,  specific  gravity  1.84,  and  333 
ml.  of  72  per  cent  perchloric  acid)  and  2.0  grams  of  potassium 
sulfate,  heat  the  mixture  on  a  hot  plate  at  150°  C.  until  all  the 
carbon  is  oxidized,  and  then  gradually  increase  the  temperature  to 
400 0  C.  to  drive  off  the  perchloric  acid.  Cool  the  solution,  first  in 
air  and  then  for  a  moment  with  tap  water,  and  dilute  with  10  ml. 
of  cold  water,  followed  by  180  ml.  of  1  to  2  hydrochloric  acid. 
Starting  with  the  addition  of  Stanreduce  and  increasing  the  time 
of  reduction  to  15  minutes,  complete  the  determination  as  in  the 
case  of  lead-base  bearing  metal,  but  omit  the  addition  of  the  135 
ml.  of  cold  water. 

Notes.  When  the  sample  is  dissolved  in  1  to  1  nitric  acid  and 
evaporated  to  dryness,  the  product  formed  is  a  granular,  sandlike 
precipitate  of  metastannic  acid  which  filters  out  well.  If  concen¬ 
trated  nitric  acid  is  used,  the  metastannic  acid  tends  to  become 
colloidal,  and  upon  filtering  may  pass  through  the  paper.  In 
dissolving  the  metastannic  acid,  completion  of  solution  is  indi¬ 
cated  when  the  flask  clears.  At  this  point,  fumes  of  sulfuric  acid 
only  come  from  the  mouth  of  the  flask. 

Determination  of  Tin  in  Bronze 

The  following  procedure  applies  to  bronze  of  the  type  of 
National  Bureau  of  Standards  sample  No.  124,  containing: 
copper,  83.77  per  cent;  zinc,  5.46;  tin,  4.69;  lead,  4.78; 
iron,  0.38;  nickel,  0.45;  and  antimony,  0.23  (see  Table  III). 

Place  1.0000  gram  of  the  sample  in  a  300-ml.  Erlenmeyer  flask, 
and  add  15  ml.  of  1  to  1  nitric  acid.  Dissolve  the  sample  on  a  hot 
plate  at  150°  C.,  add  one  half  of  a  9-cm.  soft  filter  paper,  and  con¬ 
tinue  to  heat  and  swirl  until  the  paper  is  macerated.  Dilute  to  50 
ml.  with  water  and  heat  to  boiling.  Filter  through  a  9-cm.  No. 
42  Whatman  paper  containing  a  small  amount  of  pulp,  wash  the 


flask  once  with  hot  2  per  cent  nitric  acid,  and  pour  the  washings 
into  the  filter  paper. 

Wash  the  filter  paper  five  times  with  hot  2  per  cent  nitric  acid, 
discard  the  filtrate,  return  the  filter  paper  with  its  contents  to  the 
flask,  and  add  15  ml.  of  sulfuric-perchloric  acid  mixture.  Then 
add  2.0  grams  of  potassium  sulfate,  heat  the  mixture  on  a  hot 
plate  at  150°  C.  until  all  the  carbon  is  oxidized,  gradually  increase 
the  temperature  to  400°  C.,  and  continue  heating  until  the  per¬ 
chloric  acid  is  driven  off.  Cool  the  solution,  first  in  air  and  then 
for  a  moment  with  tap  water,  and  dilute  with  10  ml.  of  cold 
water,  followed  by  180  ml.  of  1  to  2  hydrochloric  acid.  Complete 
as  in  lead-base  bearing  metal,  starting  with  the  addition  of  Stan¬ 
reduce,  but  omit  the  addition  of  the  135  ml.  of  cold  water.  The 
time  of  reduction  can  be  reduced  to  6  minutes. 

Notes.  Since  metastannic  acid  is  a  colloidal  precipitate,  con¬ 
tamination  is  increased  if  the  solution  is  evaporated  to  dryness,  as 
some  authors  recommend  ( 1 ).  The  process  of  evaporating  to 
dryness  consumes  an  excessive  amount  of  time,  and  if  the  evapo¬ 
ration  is  hastened  by  overheating,  cupric  nitrate  may  be  de¬ 
composed,  with  consequent  contamination  of  the  metastannic 
acid.  If  the  analysis  is  carried  out  as  directed  with  respect  to 
acid  concentration  and  filtration,  the  filtrate  will  be  perfectly 
clear.  Sufficient  copper  may  remain  in  the  metastannic  acid  to 
give  a  yellow  tinge  when  hydrochloric  acid  is  added,  but  the 
authors  have  found  this  insufficient  to  do  any  harm. 


Table  III.  Determination  of  Tin  in  Bronze 


(National  Bureau  of  Standards  sample  124,  4.69  per  cent  tin.  0.0469  gram 

of  tin  present) 

Determination  Determination 

No.  Tin  Found  No.  Tin  Found 


Gram 

% 

Gram 

% 

0.0467 

4.67 

6 

0.0462 

4.62 

0.0467 

4.67 

7 

0V  0462 

4.62 

0.0462 

4.62 

8 

0.0462 

4.62 

0.0462 

4.62 

9 

0 . 0462 

4.62 

0.0462 

4.62 

10 

0.0462 

4.62 

Mean 

0.0463 

4.63 
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Sugar  Analysis  by  Alkaline  Ferricyanide  Method 

Determination  of  Ferrocyanide  by  Iodometric  and  Other  Procedures 


D.  T.  ENGLIS  AND  H.  C.  BECKER1, 

ONE  of  the  problems  of  special  interest  when  reducing 
sugars  are  to  be  estimated  by  oxidation  with  alkaline 
ferricyanide  solutions  is  the  selection  of  the  method  for  deter¬ 
mination  of  the  amount  of  reagent  which  has  been  consumed. 
The  reduction  product,  ferrocyanide,  is  frequently  estimated 
volumetrically  by  titration  with  one  of  the  stronger  oxidizing 
agents. 

Burriel  and  Sierra  (2)  titrated  ferrocyanide  satisfactorily  with 
potassium  dichromate  in  0.3  N  hydrochloric  acid  solution,  using 
benzidine  acetate  as  indicator.  Muller  and  Diefenthaler  ( 5 )  em¬ 
ployed  permanganate  in  a  solution  acidified  with  sulfuric  acid. 
Furman  and  Evans  (3)  used  ceric  sulfate  in  hydrochloric  acid 
solution  with  o-phenanthroline  as  indicator.  However,  as  they 
have  shown,  cerous  compounds  may  be  oxidized  to  ceric  by  ferri¬ 
cyanide  in  30  per  cent  potassium  carbonate  solution.  Where 
only  ferrocyanide  is  to  be  considered,  the  use  of  some  one  of  these 
stronger  oxidizing  agents  generally  is  to  be  preferred.  The  pres¬ 
ence  of  the  oxidation  products  of  the  sugars  along  with  the  ferro- 

1  Present  address,  The  Texaco  Company,  Beacon,  N.  Y. 


University  of  Illinois,  Urbana,  Ill. 

cyanide  raises  the  question  as  to  whether  these  substances  may 
not  also  have  reducing  action  upon  the  reagent  used  to  titrate 
the  ferrocyanide. 

Strepkov  (8)  reports  that  oxidizing  of  dextrose  and  levulose 
with  Ost’s  solution,  removing  the  cuprous  oxide,  then  adding  a 
definite  amount  of  ferrocyanide  to  the  residual  solution  contain¬ 
ing  the  oxidation  products  of  the  sugars,  and  titrating  the  mix¬ 
ture  with  potassium  dichromate  gave  results  which  were  in  good 
agreement  with  the  blanks  containing  only  the  ferrocyanide. 
On  the  other  hand,  parallel  experiments  in  which  the  sugars  were 
oxidized  by  a  Fehling’s  alkaline-tartrate  mixture  showed  a  greater 
consumption  of  dichromate  than  was  given  by  the  blanks.  Use  of 
a  weaker  oxidizing  reagent  to  estimate  ferrocyanide  would  ap¬ 
pear  to  be  advantageous  in  many  instances  where  other  reducing 
products  than  ferrocyanide  are  present. 

Of  the  weaker  oxidizing  reagents,  iodine  has  been  employed 
for  the  titration  of  ferrocyanides.  Considerable  controversy  is 
apparent  as  to  the  conditions  under  which  the  reaction  should  be 
carried  out.  In  neutral  or  weakly  acid  solution  the  reaction  goes 
to  the  right,  while  in  solutions  more  strongly  acidified  it  is  reversed: 

2K4Fe(CN)6  +  I2  2K8Fe(CN)«  +  2KI 

* - -r 
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Table  I.  Effect  of  Buffer  and  Complexing  Agents  in 
Neutral  and  Acetic  Acid  Solutions 


[Oxidation  of  ILiFefCN) 

s  with  0.02  N  iodine] 

Reagents  Used 

K4Fe(CN)e 

Taken 

K4Fe(CN)6 

Found 

Error 

Milliequivalents 

% 

NaHCOs 

10  ml.  of  K4Fe(CN)6,  20  ml.  of  Is, 

50  ml.  of  water,  and  enough 
NaHCOs  to  make  the  solution 

1  %  in  this  reagent 

0.2068 

0.1165 

43.7 

Same  as  above  except  acidified 
with  20  ml.  of  20%  acetic  acid 
before  titrating 

0.2068 

0.1990 

3.8 

No  complexing  reagent  used 

10  ml.  of  K4Fe(CN)8  and  50  ml.  of 
water  heated  to  40°  C.  before 

20  ml.  of  I2  solution  added 

0.2355 

0.1889 

19.8 

Same  as  above  except  acidified  as 
in  (a) 

0.2328 

0 . 2055 

11.7 

Rochelle  salt 

10  ml.  of  K4Fe(CN)6,  20  ml.  of  I2, 

50  ml.  of  water,  and  5  grams  of 
Rochelle  salt 

0.2355 

0.1726 

26.7 

Same  as  above  except  acidified  as 
in  (a) 

0 . 2068 

0.2018 

2.4 

Na2HP04.12H20 

10  ml.  of  K4Fe(CN)6,  20  ml.  of  I2, 

25  ml.  of  water,  and  25  ml.  of 
10%  Na2HP04.12H20 

0.2343 

0.1650 

29.6 

Same  as  above  except  acidified  as 
in  (a) 

0.2179 

0.2178 

0.0 

K2F2 

10  ml.  of  K4Fe(CN)6,  20  ml.  of  I2, 

30  ml.  of  water,  and  20  ml.  of 
3%  K2F2 

0 . 2284 

0.1654 

27.6 

Same  as  above  except  acidified  as 
in  (a) 

0 . 2284 

0.2274 

0.4 

Rupp  and  Schiedt  (7)  have  reported  good  results  by  the  addi¬ 
tion  of  an  excess  of  the  standard  iodine  to  a  bicarbonate-buffered 
solution  of  the  ferrocyanide,  then  titration  of  the  excess  of  iodine 
with  thiosulfate.  Muller  and  Diefenthaler  (5)  object  to  the  use 
of  the  sodium  bicarbonate.  These  authors  believe  the  results 
obtained  by  the  previous  workers  were  apparently  satisfactory 
because  of  a  compensation  of  errors.  One  factor,  an  oxidation 
of  sodium  thiosulfate  to  sodium  sulfate  by  hypoiodite,  tends  to 
require  too  little  thiosulfate,  while  the  conversion  of  some  iodine 
to  iodate  in  the  slightly  alkaline  solution,  not  requiring  thiosul¬ 
fate,  tends  to  offset  the  first  effect.  The  degree  of  alkalinity, 
amount  of  excess  iodine,  and  period  of  reaction  affect  the  results. 
They  report  fairly  satisfactory  data  if  the  excess  iodine  in  the 
bicarbonate-buffered  solution  is  titrated  with  an  arsenious  rea¬ 
gent,  provided  the  solution  does  not  stand  so  long  that  iodate 
formation  has  taken  place.  In  a  second  article  Rupp  ( 6 )  recom¬ 
mends  the  use  of  sodium  potassium  tartrate  instead  of  bicarbon¬ 
ate.  Muller  and  Diefenthaler  were  unsuccessful  with  this  pro¬ 
cedure  also.  More  recently  Kolthoff  (4)  has  reviewed  the  general 
problem,  emphasizing  in  addition  to  the  factors  already  men¬ 
tioned,  the  effect  of  complexing  the  Fe+++  to  shift  the  equilib¬ 
rium  in  the  desired  direction  and  titration  of  the  excess  iodine  in 
acid  solution.  Furthermore,  the  danger  of  error  as  a  result  of 
atmospheric  oxidation  is  pointed  out.  Kolthoff  proposes  a 
method  in  which  the  ferrous  solution  is  treated  with  potassium 
bromate  and  later  potassium  iodide  in  phosphoric  acid  solution 
containing  a  trace  of  molybdate  as  a  catalyst.  Very  good  results 
are  reported. 

Kolthoff  states  that  no  benefit  was  observed  from  the  presence 
-of  sodium  potassium  tartrate  in  neutral  solution.  In  fact,  better 
results  were  obtained  when  it  was  left  out  but  the  results  were 
still  2  per  cent  too  low.  By  first  heating  the  solution  to  40°  C., 
then  adding  iodine  in  excess,  and  back-titrating  with  thiosul¬ 
fate,  he  reported  good  results. 

In  view  of  the  somewhat  uncertain  state  of  affairs  with  re¬ 
gard  to  the  iodometric  determination  of  ferrocyanide,  further 
work  in  this  connection  was  undertaken  with  particular 
reference  to  the  application  of  the  determination  in  processes 
of  sugar  analysis. 

Experimental 

All  the  chemicals  used  were  of  analytical  grade  and  the  reac¬ 
tions  were  carried  out  in  glass-stoppered  flasks  with  all  the  usual 
precautions  observed  in  iodometric  work. 


Preliminary  experiments  with  the  bicarbonate  buffer  method 
of  Rupp  and  Schiedt  (7)  confirmed  the  observations  of  later 
workers  as  to  low  results.  In  all  cases  more  nearly  correct  results 
were  obtained  by  slightly  acidifying  with  acetic  acid  just  before 
titration  of  the  excess  iodine  with  thiosulfate,  but  the  results  were 
still  low  because  of  the  slight  reversibility  of  the  reaction.  The 
elevated  temperature  method  of  Kolthoff  in  the  authors’  hands 
was  also  unsatisfactory.  Use  of  tartrate  in  the  reaction  mixture 
as  proposed  by  Rupp  (6)  gave  low  results  in  the  nearly  neutral 
solution,  but  if  acidified  before  the  excess  iodine  was  titrated  the 
results  were  only  slightly  low.  A  precipitate  of  potassium  acid 
tartrate  caused  the  solution  to  become  cloudy  and  interfered 
somewhat  with  the  indicator  reaction. 

The  improvement  in  results  noted  when  the  tartrate  was  pres¬ 
ent  may  be  assigned  to  the  complexing  of  the  ferric  ion  and  shift 
of  the  equilibrium  in  the  desired  direction.  The  effect  is  similarly 
emphasized  by  the  satisfactory  results  reported  by  Kolthoff  with 
his  procedure  using  the  bromate-iodide  mixture,  acidifying  with 
phosphoric  acid,  and  then  titrating  the  excess  iodine  with  thio¬ 
sulfate.  Tests  with  phosphate  and  fluoride  as  complexing  agents 
were  also  included  in  the  preliminary  experiments  and  sample 
results  are  shown  in  Table  I. 

Although  the  concentration  of  phosphate  or  fluoride  and 
that  of  the  acetic  acid  of  acidification  did  not  appear  to  be 
critical,  the  effect  of  the  excess  of  iodine  solution  added  for 
the  oxidation  and  the  time  which  it  stood  in  contact  with  the 
ferrocyanide  solution  did  seem  to  be  important. 

These  factors  were  studied  in  a  series  of  tests  in  which  10.00 
ml.  of  0.02179  A  potassium  ferrocyanide  solution,  25  ml.  of  20 
per  cent  acetic  acid,  and  25  ml.  of  10  per  cent  disodium  hydrogen 
phosphate  dodecahydrate  were  used  with  varying  amounts  of  the 
0.02  A  standard  iodine  solution.  The  solutions  were  permitted 
to  stand  in  a  150-ml.  glass-stoppered  flask  for  varying  lengths  of 
time  and  then  titrated  to  the  starch  end  point  with  a  standard 
thiosulfate  solution.  From  the  results  of  Table  II  it  is  apparent 
that  when  there  is  a  65  to  70  per  cent  excess  of  the  iodine  reagent 
the  oxidation  of  the  ferrocyanide  is  accomplished  within  15  min¬ 
utes.  The  use  of  elevated  temperature  is  not  necessary,  since 
the  reaction  is  complete  at  room  temperature  in  this  relatively 
short  time. 


Table  II.  Effect  of  Time,  Temperature,  and  Excess  of 
0.02  A  Iodine  upon  Oxidation  of  Ferrocyanide 

[10  ml.  of  0.02179  N  K,Fe(.CN)e,  25  ml.  of  10%  Na2HP04.12H20,  and  25  ml. 
of  20%  acetic  acid  used  in  each  determination] 

Iodine  in 


Experimental  Conditions  Used  Excess  of 


Tempera¬ 

ture 

Time 

Iodine 

Amount 

Consumed 

K4Fe(CN)8 
Taken  Found 

Error 

0  C. 

Min. 

Ml. 

% 

Milliequivalents 

% 

50 

15 

25 

115 

0.2179 

0.2163 

-0.7 

26 

15 

10 

10 

0.2179 

0.2163 

-0.7 

26 

15 

15 

65 

0.2179 

0.2178 

0.0 

26 

15 

20 

119 

0.2179 

0.2185 

0.3 

26 

15 

25 

174 

0.2179 

0.2178 

0.0 

26 

15  sec. 

15 

72 

0.2179 

0.2076 

-4.7 

26 

5 

15 

65 

0.2179 

0.2174 

-0.2 

26 

15 

15 

65 

0.2179 

0.2178 

0.0 

26 

1 1  hours 

25 

174 

0.2179 

0.2178 

0.0 

When  the  same  procedure  was  applied  to  0.1  A  ferrocyanide 
and  iodine  solutions,  the  results  were  consistently  1  per  cent 
too  low  and  the  end  point  was  somewhat  fugitive.  However, 
by  using  a  300-ml.  flask  and  adding  100  ml.  of  water  to  the 
reaction  mixture  before  the  thiosulfate  titration,  theoretical 
values  and  a  stable  end  point  were  obtained.  This  fact  is 
demonstrated  in  the  following  experiments : 

Large  crystals  of  potassium  ferrocyanide  trihydrate  were  split 
apart  and  portions  of  the  center  section  which  showed  no  evi¬ 
dence  of  dehydration  were  used  for  a  series  of  determinations. 
The  weighed  portion  of  ferrocyanide  (not  in  excess  of  0.6  gram)  in 
a  300-ml.  glass-stoppered  flask  was  dissolved  in  about  35  ml.  of 
water  and  then  25  ml.  of  20  per  cent  acetic  acid,  25  ml.  of  10  per 
cent  disodium  phosphate  solution,  and  25  ml.  of  standard  0.1  A 
iodine  solution  were  added.  After  the  flask  had  stood  in  a  dark 
place  for  15  to  20  minutes,  100  ml.  of  water  were  added  and  the 
excess  iodine  was  titrated  with  thiosulfate  to  a  starch  end  point. 

In  a  second  series  of  experiments  3  per  cent  potassium  fluoride 
was  substituted  for  the  phosphate. 

The  results  are  given  in  Table  III. 
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Table  III.  Determination  of  Potassium  Ferrocyanide 


K<Fe(CN)e.3HsO 

KiFe(CN)6.3H20 

Error 

Taken 

Found 

Gram 

Gram 

% 

N  iodine  as  oxidizing  agent  in  slightly  acid  solution, 
plexing  agent 

NasHPCh  as  com- 

0.4631 

0.4636 

0.0 

0.4760 

0.4788 

0.6 

0 . 4650 

0.4638 

-0.3 

0.4710 

0.4717 

0.1 

0.4639 

0.4627 

-0.3 

0.4100 

0.4113 

0.3 

0.3290 

0 . 3293 

0.1 

0.3361 

0.3360 

0.0 

0.4798 

0.4798 

0.0 

0.4327 

0.4339 

0.3 

0 . 4740 

0.4751 

0.2 

0.3492 

0.3482 

-0.3 

0.2608 

0.2621 

0.5 

0.3832 

0.3831 

0.0 

N  iodine  as  oxidizing  agent  in  slightly  acid  solution,  K2F2  as  complexing 

agent 

0.3854 

0.3858 

0.1 

0.3942 

0.3934 

-0.2 

0.4126 

0.4124 

Ce(SC>4)2  as  oxidizing  agent 

0.0 

0.8809 

0.8814 

0.1 

0.8977 

0.8964 

-0.1 

Table  IV.  Comparison  of  Methods  for  Determining 
Amount  of  Ferricyantde  Reduced  after  Oxidation  of 

Sugars 

[5  mg.  of  levulose  or  dextrose  heated  at  50°  C.  with  25  ml.  of  a  reagent  con¬ 
taining  4  grams  of  KjFe(CN)6,  80  grams  of  Na2HP04.12Hs0,  and  150  grama 
of  NazCOa  per  liter] 

KiFe(CNR  by  K<Fe(CN)e  by  Excess  KjFe(CN)i 

Heat-  Iodometric  Method  CeCSO-m  Method  by  KI  Method 

ing  Dextrose  Levulose  Dextrose  Levulose  Dextrose  Levulose 

Min.  M illiequivalent  of  apparent  ferrocyanide  formed 


15 

0.0034 

0.0826 

0.0053 

0.0810 

0.0051 

0.0810 

30 

0  0106 

0.1305 

0.0115 

0.1305 

0.0110 

0.1305 

45 

0.0161 

0.1539 

0.0178 

0.1550 

0.0167 

0.1552 

60 

0.0224 

0.1645 

0.0233 

0.1663 

0 . 0226 

0.1667 

75 

0.0280 

0.1727 

0.0285 

0.1721 

0.0290 

0.1740 

Variations  of  the  experimental  value  from  the  quantity 
taken  are  small  in  all  cases  and  deviate  slightly  in  both  direc¬ 
tions  from  the  theoretical.  Better  consistency  can,  of  course, 
be  obtained  by  using  aliquots  from  a  standard  solution  where 
slight  errors  in  weighing  and  variation  in  composition  of 
sample  are  eliminated.  It  is  apparent  that  the  potential  of 
the  ferric  complex  is  lowered  to  the  point  at  which  iodine  is 
not  formed  from  iodide  at  room  temperature  even  in  acetic 
acid  solution. 

The  hydrofluoric  acid  liberated  by  the  acetic  acid  when 
potassium  fluoride  was  used  as  a  complexing  agent  was  with¬ 
out  effect  upon  Pyrex  flasks  over  a  period  of  several  weeks,  but 
a  soft-glass  stirring  rod  and  the  bulb  of  a  thermometer  were 
noticeably  etched  during  this  time.  There  seems  to  be  no 
preference  as  to  the  use  of  the  disodium  phosphate  or  the 
potassium  fluoride  with  respect  to  complexing  ability.  The 
solutions  were  about  0.03  M  with  respect  to  each  of  these 
salts. 

The  low  results  at  first  encountered  when  0.1  V  reagents 
were  used  were  never  observed  when  0.02  N  reagents  were 
employed  nor  were  end-point  difficulties  encountered  in  the 
latter  case.  That  the  trouble  was  due  in  the  first  case  to  a 
concentration  effect  is  demonstrated  by  the  fact  that  the 
addition  of  water  made  possible  satisfactory  results. 

Recommended  Procedure 

The  ferrocyanide  content  of  an  unknown  sample  is  deter¬ 
mined  in  the  following  manner : 

The  ferrocyanide  or  material  containing  the  ferrocyanide  must 
be  put  into  solution  if  it  is  a  solid.  If  it  is  necessary  to  use  acid 
for  this  purpose,  the  solution  must  be  neutralized  before  the 
analysis  is  started.  The  volume  of  the  ferrocyanide  solution 
should  be  from  25  to  50  ml.  and  should  contain  not  over  1.5  milli- 


equivalents  of  ferrocyanide  (0.6  gram  of  K*Fe(CN)6.3H20).  To 
this  amount  of  the  approximately  neutral  ferrocyanide  solution 
in  a  300-ml.  glass-stoppered  flask  are  added  25  ml.  of  10  per  cent 
disodium  phosphate  dodecahydrate  (or  25  ml.  of  3  per  cent 
potassium  fluoride),  25  ml.  of  20  per  cent  acetic  acid,  and  25  ml. 
of  0.1  N  standard  iodine  solution.  The  flask  is  set  in  the  dark  for 
15  to  20  minutes  and  then  100  ml.  of  water  are  added  before  the 
excess  iodine  is  titrated  to  a  starch  end  point  with  thiosulfate. 

The  strength  of  the  iodine  solution  can  be  varied  to  cover  differ¬ 
ent  concentrations  of  ferrocyanide,  as  long  as  the  volume  of  solu¬ 
tion  is  large  enough  to  keep  the  ferricyanide  coneentration  in  the 
reaction  mixture  below  0.01  M  and  a  65  to  100  per  cent  excess  of 
iodine  is  used. 

Determination  of  the  Extent  of  Reduction  of 

Alkaline  Ferricyanide  after  Use  of  the  Reagent 

for  Oxidation  of  Dextrose  and  Levulose 

Having  confirmed  the  practicability  of  the  iodometric  esti¬ 
mation  of  ferrocyanide,  a  series  of  experiments  was  planned 
to  determine  the  nature  of  the  agreement  of  the  results  when 
the  extent  of  reduction  of  alkaline  ferricyanide  by  sugars  was 
estimated  by  several  methods.  Three  methods  were  em¬ 
ployed:  the  iodometric  procedure  described  above;  the  ceric 
sulfate  titration  of  ferrocyanide  as  used  by  Becker  and  Englis 
( 1 ) ;  and,  indirectly,  determination  of  the  excess  ferricyanide. 

The  last-mentioned  was  carried  out  according  to  Kolthoff  (4) 
by  making  the  solution  3  N  with  hydrochloric  acid,  adding  a  1  N 
potassium  iodide  solution,  and  titrating  the  iodine  with  thiosul¬ 
fate  after  the  mixture  had  stood  for  about  5  minutes  in  a  glass- 
stoppered  flask.  The  conditions  for  the  sugar  oxidation  were 
those  previously  described  for  the  selective  oxidation  of  levulose 
( 1 ).  Since  under  these  conditions  dextrose  is  only  slightly  oxi¬ 
dized  and  the  products  of  oxidation  left  might  be  expected  to 
respond  somewhat  differently  from  those  after  oxidation  of 
levulose,  experiments  were  carried  out  with  each  of  the  sugars. 
The  results  are  given  in  Table  IV. 

On  the  whole,  the  agreement  among  the  methods  is  very 
good  and  is  of  the  order  of  precision  to  be  expected  in  sugar 
analysis.  Slight  variations  may  be  assigned  to  probable 
variation  in  the  sugar  oxidation  itself  rather  than  to  the  esti¬ 
mation  of  the  ferrocyanide.  If  there  is  any  slight  further 
oxidation  of  the  by-products  of  the  action  of  the  ferricyanide 
on  the  sugars  by  the  ceric  sulfate,  it  is  within  experimental 
error. 

Summary 

The  oxidation  of  ferrocyanide  with  iodine  may  be  accom¬ 
plished  by  carrying  out  the  reaction  in  slightly  acid  solution 
in  the  presence  of  a  reagent  such  as  phosphate  or  fluoride  to 
complex  the  iron  and  prevent  the  reverse  reaction. 

The  oxidation  may  be  carried  out  at  room  temperature 
with  a  60  to  75  per  cent  excess  of  iodine  and  a  time  interval  of 
about  15  minutes  The  volume  of  the  reaction  mixture  must 
be  such  that  the  ferricyanide  concentration  is  below  0.01  M. 
The  excess  iodine  is  titrated  with  standard  thiosulfate. 

A  comparison  of  results  obtained  when  the  reduction  of 
alkaline  ferricyanide  by  dextrose  and  levulose  was  made  by 
direct  oxidation  of  the  ferrocyanide  with  iodine,  indirect  esti¬ 
mation  by  determination  of  ferricyanide  iodometrically,  and 
direct  oxidation  of  ferrocyanide  with  ceric  sulfate  showed  good 
agreement  and  indicates  that  the  by-products  of  the  primary 
oxidation  of  the  sugars  have  a  negligible  effect  upon  any  of 
the  methods  used  to  estimate  the  ferricyanide  consumed. 
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Determination  of  Chloride  in  the  Presence  of 

Hydrosulfide  or  Sulfide  Ion 

M.  MARTIN  MAGLIO  AND  FRANK  FAZIO,  St.  John’s  University,  Rrooklyn,  N.  Y. 


A  method  is  proposed  for  the  determina¬ 
tion  of  chloride  in  the  presence  of  hydro¬ 
sulfide  (or  sulfide)  ion.  The  procedure 
involves  the  precipitation  of  the  hydrosul¬ 
fide  as  cupric  sulfide,  removal  of  the  latter 
by  quantitative  filtration,  and  determina¬ 
tion  of  the  chloride  gravimetrically  as  silver 
chloride.  Results  are  reported  of  analyses 
of  several  samples  ranging  from  94  to  99 
per  cent  sodium  chloride,  the  remainder 
being  sodium  hydrosulfide.  The  average 
error  is  —  0.08  per  cent;  the  greatest  error  is 
—  0.19  per  cent. 

IN  THE  course  of  an  attempted  synthesis  of  a  heretofore 
unknown  alkyl  mercaptan,  it  was  naturally  desired  to 
calculate  the  yield  of  finished  product.  Two  paths  were 
open:  to  calculate  the  yield  from  the  weight  of  the  purified 
sulfur  compound  obtained,  or  to  base  calculations  on  the 
amount  of  sodium  chloride  recovered  as  a  by-product.  As 
a  result  of  using  the  former  and  customary  procedure,  extra¬ 
ordinarily  high  yields  of  mercaptan  were  obtained.  It  was 
decided,  therefore,  to  check  these  yields  by  employing  the 
alternative  method. 

Surprisingly,  there  is  very  little  information  in  the  litera¬ 
ture  bearing  directly  on  the  determination  of  chloride  in  the 
presence  of  sulfide,  hydrosulfide,  or  both. 

Wyler  (4)  determined  the  concentration  of  chlorides,  including 
sodium  chloride,  in  mixtures  containing  the  sodium  salt  of  the 
sulfide,  hydrosulfide,  thiosulfate,  sulfate,  carbonate,  and  chloride. 
His  method  consists  principally  in  the  oxidation  of  the  sulfide 
and  hydrosulfide  to  sulfate  by  means  of  chromic  acid  precipita¬ 
tion  of  the  sulfate  together  with  the  chloride  with  silver  ion,  and 
subsequent  isolation  of  the  precipitate.  The  precipitate  is  then 
dissolved  in  aqueous  ammonia  and  the  silver  chloride  is  reprecipi¬ 
tated  by  means  of  nitric  acid.  The  silver  sulfate  remains  in  solu¬ 
tion. 

Topsoe  {2)  developed  a  method  for  the  estimation  of  chlorides, 
bromides,  or  iodides  in  the  presence  of  hydrogen  sulfide.  His 
procedure  consists  essentially  in  the  oxidation  of  hydrogen  sulfide 
to  sulfate  by  means  of  acidic  potassium  permanganate,  conversion 
of  the  liberated  halogen  iDto  the  corresponding  hydrogen  com¬ 
pound  by  sulfurous  acid,  reduction  of  the  excess  permanganate 
by  the  same  reagent,  and  determination  of  the  haloids  in  the  usual 
way. 

Another  method  ( 1 )  suggests  acidification  with  nitric  acid,  with 
subsequent  expulsion  of  the  hydrogen  sulfide  generated  by  boiling. 
The  halide  is  then  determined  by  means  of  the  Volhard  method 
(S). 

Wyler’s  method  ( 4 )  was  tried  several  times  in  this  laboratory 
and  was  found  to  give  satisfactory  results.  However,  the  method 
is  time-consuming  and  was  therefore  objectionable.  Khadanov’s 
method  ( 1 )  gave  excellent  results  with  synthetic  mixtures  of 
sodium  chloride  and  sodium  hydrosulfide,  but  failed  to  yield  pre¬ 
cise  values  with  the  impure  sodium  chloride  obtained  from  the 
synthesis  of  the  mercaptan.  The  treatment  was  the  same  in 
each  case.  It  is  possible,  however,  that  traces  of  mercaptan, 
which  were  undoubtedly  present  in  the  impure  sodium  chloride, 
were  responsible  for  the  discrepancies.  Check  determinations 
varied  by  as  much  as  0.3  per  cent. 

It  was  desirable  for  the  authors’  purpose  to  develop  a 
shorter  method,  in  view  of  the  fact  that  many  analyses  were 


contemplated.  The  method  described  below  involves  pre¬ 
cipitation  of  the  hydrosulfide  or  sulfide  as  cupric  sulfide. 
This  is  separated  from  the  soluble  chlorides  by  filtration 
and  the  latter,  in  turn,  are  precipitated  with  silver  nitrate. 
The  silver  chloride  may  then  be  determined  gravimetrically. 

Known  mixtures  of  sodium  chloride-sodium  hydrosulfide 
ranging  from  94  to  99  per  cent  of  the  former  were  prepared. 
This  range  was  selected  because  it  corresponded  to  the  ex¬ 
pected  “purity”  of  the  sodium  chloride  precipitated  from  the 
authors’  experiments. 

In  several  preliminary  experiments,  it  was  found  that 
lead  nitrate  may  be  substituted  for  the  cupric  salt,  if  certain 
precautions  are  observed.  The  lead  sulfide  must  be  filtered 
from  a  hot  solution  (60°  to  70°  C.),. otherwise  lead  chloride, 
which  is  fairly  insoluble  in  the  cold,  will  also  be  removed. 
It  is  advisable  to  precipitate  the  silver  chloride  from  a  hot 
solution  to  prevent  occlusion.  Oddly,  no  occlusion  effects 
were  observed. 

If  desired,  the  silver  chloride  may  be  determined  volu- 
metrically  in  the  usual  way  (3)  by  adding  an  excess  of  stand¬ 
ard  silver  nitrate,  filtering  the  silver  chloride,  and  titrating 
the  excess  silver  ion  with  standard  ammonium  thiocyanate 
solution,  using  ferric  ammonium  sulfate  as  the  indicator. 

Reagents 

Chemically  pure  sodium  hydrosulfide  dihydrate,  reagent- 
quality  sodium  chloride,  a  5  per  cent  aqueous  solution  of  c.  p. 
cupric  nitrate  trihydrate,  a  5  per  cent  aqueous  solution  of  c.  p. 
nitric  acid,  and  a  5  per  cent  aqueous  solution  of  reagent-quality 
silver  nitrate. 

Experimental  Procedure 

99  Per  Cent  Sodium  Chdoride-1  Per  Cent  Sodium  Hydro¬ 
sulfide  Mixture.  Samples  of  sodium  chloride  and  sodium  hy¬ 
drosulfide  dihydrate  in  the  ratio  of  19.8083  to  0.2018  gram  were 
weighed  directly  into  a  500-ml.  volumetric  flask.  Distilled  water 
was  added  to  the  mark  and  solution  effected.  A  100-ml.  aliquot 
was  taken  and  acidified  with  5  per  cent  nitric  acid  to  a  pH  of  4 
on  Universal  indicator  paper.  Next  10  ml.  of  5  per  cent  cupric 
nitrate  solution  were  added  immediately  with  stirring  to  precipitate 
cupric  sulfide.  The  mixture  was  then  allowed  to  stand  for  15  min¬ 
utes  and  filtered  quantitatively  at  the  end  of  thistime.  The  filtrate 
was  transferred,  again  quantitatively,  to  a  500-ml.  volumetric 
flask,  made  up  to  the  mark  with  distilled  water,  and  the  solution 
was  mixed  thoroughly.  A  25-ml.  aliquot  was  diluted  to  100  ml.,  5 
ml.  of  5  per  cent  nitric  acid  were  added,  and  the  chloride  ion 
was  precipitated  as  silver  chloride  upon  the  addition  of  15  ml. 


Table  I.  Determination  of  Chloride 
Amount  of  AgCl 


Sample 

Composition 

Calculated 

Experimental 

Error 

% 

Gram 

Gram 

% 

1 

99 

NaCl 

0.4859 

0.4859 

0.00 

1 

NaSH.2H20 

0.4855 

-0.08 

0.4855 

-0.08 

2 

97 

NaCl 

0.4759 

0.4750 

-0.19 

3 

NaSH.2H20 

0.4754 

-0.11 

0.4758 

-0.02 

3 

94 

NaCl 

0.4611 

0.4609 

-0.04 

6 

NaSH.2H20 

0.4605 

-0.13 

0.4607 

-0.08 

Av. 

-0.08 
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of  5  per  cent  silver  nitrate.  The  mixture  was  allowed  to  stand 
for  several  hours  and  filtered.  The  precipitate  was  dried  to  con¬ 
stant  weight  at  110°  C.:  & 

3T 


Weight  of  NaCl  X  ^  X  ~  X 


M.  W.  of  AgCl 
M.  W.  of  NaCl 


0(' 

Y 


weight  of  NaCl  X  0.02453  =  weight  of  AgCl  (calculated) 


19.8083  X  0.02453  =  0.4859  gram  of  AgCl  (calculated) 


97  Per  Cent  Sodium  Chloride-3  Per  Cent  Sodium  Hydro- 
sulfide  Mixture.  The  procedure  was  the  same  as  that  out¬ 
lined  above,  except  that  the  mixture  was  obtained  by  weighing  out 
19.4000  and  0.6000  gram  of  sodium  chloride  and  sodium 
hvdrosulfide,  respectively: 


19.4000  X  0.02453  =  0.4759  gram  of  AgCl  (calculated) 


94  Per  Cent  Sodium  Chloride-6  Per  Cent  Sodium  Hydro¬ 
sulfide  Mixture.  The  procedure  was  again  the  same  as  that 
outlined  above,  with  the  exception  that  the  original  mixture  was 


composed  of  18.8000  grams  of  sodium  chloride  and  1.2000  grams 
of  sodium  hydrosulfide: 

18.8000  X  0.02453  =  0.4611  gram  of  AgCl  (calculated) 

rUT‘ 

The  results  are  given  in  Table  I.  The  average  error  of 
a,ne  analyses  on  three  samples  is  —0.08  per  cent;  the  greatest 
individual  error  is  —0.19  per  cent.  The  reproducibility  and 
accuracy,  as  seen  from  these  results,  are  excellent. 

Work  is  now  in  progress  on  the  quantitative  determination 
of  the  sulfide  content  of  these  mixtures.  These  results  will 
be  published  at  a  later  date. 
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UIWHE  increasing  research  on  carotene  and  its  use  in 
X  vegetable  oil  solutions  has  called  attention  to  the  desir¬ 
ability  of  a  simple,  accurate  method  for  determining  the  caro¬ 
tene  content  of  such  solutions.  The  methods  at  present 
available  are  either  too  long  and  tedious  or  are  subject  to  errors 
which  may  in  some  cases  be  large. 

The  more  rapid  methods  depend  upon  the  determination 
of  total  color  by  simple  dilution  of  the  oil  sample  with  a 
suitable  solvent  and  measurement  of  the  percentage  of  light 
transmission  by  the  solution.  Data  presented  in  this  paper 
show  that  this  method  may  be  in  considerable  error  because 
of  the  presence  of  colored  substances  that  form  during  storage 
of  the  carotene  solutions  and  which  are  included  with  the 
carotene  in  the  analysis. 

The  longer  methods,  which  are  the  more  accurate,  all 
require  that  the  sample  be  saponified.  The  Guilbert  method 
(4)  as  modified  by  Peterson  et  al.  (10)  and  by  Peterson  (9) 
may  be  regarded  as  representative  of  the  saponification 
methods.  Following  the  saponification  approximately  12 
phasic  partitions  are  made  in  separatory  funnels.  Caution  is 
necessary  to  prevent  the  formation  of  rather  stable  emulsions 
in  this  process.  The  noncarotene  chromogens  are  removed 
by  partition  between  nonmiscible  solvents  or  by  use  of  chro¬ 
matographic  adsorption  columns  (11).  £ 

Selection  of  Adsorbent 

A  rapid  chromatographic  method  without  the  time- 
consuming  saponification  and  phasic  separations  is  desirable. 

Vegetable  oil  solutions  of  carotene  and  noncarotene  chromo¬ 
gens  were  dissolved  in  petroleum  ether  and  analyzed  for  carotene, 
using  the  adsorbents  suggested  by  Moore  (7),  Kernohan  (6), 
and  Wall  and  Kelley  (14)  for  the  analysis  of  plant  extracts.  It 
was  found  that  these  adsorbents  were  not  directly  applicable  to 
oil  solutions,  as  the  presence  of  the  oil  interfered  with  the  ad¬ 
sorption  of  the  noncarotene  chromogens  by  the  dibasic  calcium 
phosphate,  soda  ash,  and  magnesium  oxide-Celite  columns.  In 
the  method  of  Fraps,  Kemmerer,  and  Greenberg  (3)  special 
techniques  are  required  for  preparing  the  adsorbents,  and  the 
degree  of  activation  may  vary  on  storage,  so  that  their  activity 
must  be  redetermined  each  time  they  are  used.  For  these 
reasons  no  attempt  was  made  to  apply  the  method  to  analysis  of 
solutions  containing  oil. 


■  Seaber  analyzed  oil  samples  for  carotene  by  saponification, 
,  emoval  of  alkali  and  alcohol,  transference  of  carotene  to  petro¬ 
leum  ether  and  adsorption  of  the  carotenoids  on  aluminum  oxide 
standardized  according  to  Brockman,  and  eluting  the  carotene 
with  3  per  cent  acetone  in  petroleum  ether. 

Thaler  (13)  prepared  chromatograms  of  various  fats  and  oils 
on  Tswett  columns  of  aluminum  oxide  in  order  to  detect  the  pres¬ 
ence  or  absence  of  artificial  colors  in  the  oils,  but  made  no  attempt 
at  a  quantitative  separation  of  the  carotene  from  the  other  asso¬ 
ciated  pigments. 

This  work  suggested  that  aluminum  oxide  (<  80-mesh 
aluminum  oxide  activated  especially  for  chromatographic 
analysis,  manufactured  by  the  Aluminum  Ore  Company,  East 
St.  Louis,  Ill.)  might  be  used  for  separating  carotene  directly 
from  other  chromogens  present  in  oil,  thus  avoiding  saponi¬ 
fication.  With  solutions  of  purified  crystalline  carotene,  alu¬ 
minum  oxide  columns  caused  no  detectable  destruction  of 
carotene.  Various  amounts  of  acetone  in  petroleum  ether 
were  tested  as  eluents.  Two  per  cent  acetone  in  petroleum 
ether  was  found  to  remove  carotene  quantitatively  from  the 
aluminum  oxide  column  and  permit  its  separation  from  the 
colored  oxidation  products  of  carotene,  xanthophylls,  and 
chlorophylls.  Higher  concentrations  of  acetone  did  not  per¬ 
mit  as  sharp  a  separation  of  carotene  from  the  colored  impuri¬ 
ties,  as  they  followed  the  carotene  through  the  column  too 
closely. 

Procedure 

Tswett  tubes  having  an  inside  diameter  of  11  mm.  are  packed 
with  12  grams  of  the  aluminum  oxide.  Columns  of  uniform 
height  of  about  10  cm.  are  obtained  by  applying  gentle  suction 
and  tamping  lightly  with  a  heavy  glass  rod  spread  and  flattened 
on  one  end.  The  column  is  covered  with  about  1  gram  of  anhy¬ 
drous  sodium  sulfate.  A  10-ml.  aliquot  of  a  petroleum  ether 
(boiling  point  30°  to  60°  C.)  solution,  containing  0.1  gram  of  the 
oil  per  ml.  of  solution,  is  run  onto  the  column.  After  all  the 
solution  has  passed  into  the  aluminum  oxide  the  column  is 
developed  and  the  carotene  is  simultaneously  eluted  with  the 
required  amount  of  petroleum  ether  containing  2  per  cent 
acetone  (no  pressure  or  vacuum  is  required  to  hasten  the  per¬ 
colation). 

The  volume  of  eluent  needed  must  be  determined  for  each 
batch  of  aluminum  oxide.  As  the  commercial  preparation  of 
aluminum  oxide  may  vary  somewhat  in  activity  from  one  lot  to 
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Table  I.  Separation  of  Carotene  from  Oxidation  Prod¬ 
ucts  of  Carotene  and  from  Xanthophyll 

(Micrograms  of  carotene  in  10-ml.  aliquot) 

Carote 

Apparent  Caroten.4  rre  by 

Carotene  by  by  AI2O3  CaHF 

Dilution  Column  Colum 


Sam- 

Description 

No 

Oil 

No 

Oil 

No 

pie 

of  Sample 

oil 

added0 

oil 

added0 

oil 

1 

10  ml.  of  a  solution  of 
pure  carotene 

140 

142 

138 

140 

138 

2 

10  ml.  of  a  petroleum 
ether  solution  of  caro¬ 
tene  containing  a 
small  amount  of  oxi¬ 
dized  carotene 

134 

139 

127 

127 

128 

3 

10  ml.  of  a  petroleum 
ether  solution  of  caro¬ 
tene  containing  a 
large  amount  of  oxi¬ 
dized  carotene 

173 

175 

100 

100 

99 

4 

1  ml.  of  a  petroleum 
ether  solution  of  xan¬ 
thophyll  (X)  diluted 
with  petroleum  ether 
to  10  ml. 

26 

<1 

<1 

5 

1  ml.  of  a  petroleum 
ether  solution  of  caro¬ 
tene  and  oxidized 
carotene  (C)  diluted 
to  10  ml. 

61 

53 

53 

6 

2  ml.  of  solution  (C)  + 

7  ml.  of  solution  (X) 
diluted  to  10  ml. 

301 

308 

107 

107 

7 

4  ml.  of  solution  (C)  + 

2  ml.  of  solution  (X) 
diluted  to  10  ml. 

270 

275 

211 

212 

°  1  gram  of  corn  oil  was  added  to  these  samples 

before  dilution  to 

10  ml. 

another,  a  preliminary  determination  of  the  volume  of  eluent  is 
required.  The  required  calibration  may  be  readily  made  as 
follows:  A  10-ml.  aliquot  of  a  petroleum  ether  solution  of  crystal¬ 
line  carotene,  containing  0.1  gram  of  oil  per  ml.  of  solution,^ 
run  onto  the  column.  Several  columns  are  prepared  in  this 
manner.  Columns  are  then  washed  with  various  amounts  of 
2  per  cent  acetone  in  petroleum  ether  to  determine  the  minimum 
amount  of  eluent  necessary  to  remove  all  the  carotene.  This 
volume  is  then  used  in  the  analyses  for  eluting  the  carotene  and 
leaving  the  other  colored  impurities  on  the  column.  The  columns 
prepared  from  the  first  three  2.27-kg.  (5-pound)  lots  of  aluminum 
oxide  required  45  ml.  of  eluent  to  remove  the  carotene,  while  the 
columns  prepared  from  the  fourth  2.27-kg.  (5-pound)  lot  re¬ 
quired  65  ml.  of  eluent.  The  aluminum  oxide  must  be  protected 
against  the  adsorption  of  moisture  to  keep  its  activity  constant. 

The  carotene  eluate  is  caught  in  a  100-ml.  volumetric  flask 
and  made  to  volume,  and  the  carotene  concentration  is  deter¬ 
mined  colorimetrically  in  an  Evelyn  photoelectric  colorimeter 
with  a  440-m/i  filter.  This  measures  beta-carotene  together 
with  any  alpha-  or  neo-beta-carotene  that  may  be  present. 
Both  alpha-  and  neo-beta-carotene  are  more  readily  eluted  from 
the  aluminum  oxide  column  than  beta-carotene.  Methods 
are  available  for  the  individual  estimation  of  these  components 
by  spectrophotometric  technique  (12, 15). 

The  method  can  also  be  used  to  separate  carotene  from 
other  pigments  in  a  petroleum  ether  solution  that  is  free  of 
oil.  More  eluent  is  needed  to  remove  the  carotene  from  the 
column  when  no  oil  is  present.  The  volume  of  eluent  re¬ 
quired  may  be  readily  determined  as  described  above  by  use 
of  a  petroleum  ether  solution  of  carotene  containing  no  oil. 
The  volume  of  eluent  required  for  columns  prepared  from 
various  lots  of  aluminum  oxide  ranged  from  75  to  90  ml. 

Comparison  with  Simple  Dilution  and 
Moore  Method 

The  proposed  method  was  tested  and  evaluated  in  the 
following  manner : 

Petroleum  ether  solutions  of  pure  carotene  and  carotene  con¬ 
taining  some  oxidized  carotene  were  analyzed  by  three  methods: 

(1)  by  simply  diluting  with  petroleum  ether  to  a  suitable  volume, 

(2)  by  the  proposed  method,  and  (3)  by  using  a  column  of  dibasic 
calcium  phosphate  as  recommended  by  Moore  (7). 

Mpore  (8)  has  shown  that  the  dibasic  calcium  phosphates 
obtained  commercially  vary  considerably  in  activity  and  that 
potassium  hydroxide  will  activate  the  commercial  product. 
These  results  were  confirmed  in  this  laboratory  and  extended  to 
show  that  commercial  dibasic  calcium  phosphate  from  two 


manufacturers  could  be  activated  to  the  same  degree  by  the 
following  process:  500  grams  of  commercial  dibasic  calcium 
phc  phate  and  40  grams  of  potassium  hydroxide  are  added  to  5 
lite  i  of  water  in  a  6-liter  boiling  flask.  The  flask  is  immersed 
in  t  filing  water  for  45  minutes,  and  the  contents  are  stirred 
every  5  minutes.  The  calcium  phosphate  is  then  filtered  on  a 
Buchner  funnel.  Suction  is  applied  until  the  mass  is  sufficiently 
dried  so  that  the  surface  just  begins  to  crack.  The  mass  is  then 
washed  five  times  with  100-ml.  portions  of  distilled  water.  The 
phosphate  is  dried  for  24  hours  at  105°  C.  Each  batch  so  acti¬ 
vated  is  tested  with  a  pure  solution  of  carotene  in  petroleum 
ether,  to  which  a  known  amount  of  oxidized  carotene  is  added. 
The  proper  activation  is  reached  if  the  column  retains  all  the 
impurity  without  retaining  or  destroying  any  carotene. 

The  same  solutions  of  carotene,  with  the  addition  of  0.1 
gram  of  vegetable  oil  per  ml.,  were  analyzed  by  the  first 
and  second  methods.  The  data  (Table  I,  sample  1)  showed 
that  neither  the  aluminum  oxide  nor  the  calcium  phosphate 
column  caused  any  destruction  of  carotene  and  that  all  the 
carotene  could  be  recovered.  Samples  2  and  3  were  solutions 
of  purified  carotene  in  petroleum  ether  that  had  developed 
colored  oxidation  products  of  carotene  during  storage. 
Therefore,  analysis  by  simple  dilution  (first  method)  gave 
higher  value  than  the  other  two  methods  which  removed 
these  noncarotene  chromogens.  Analyses  of  oil-free  solutions 
of  carotene  containing  some  oxidized  carotene,  by  the  pro¬ 
posed  mod  and  by  the  dibasic  calcium  phosphate  column, 
ne  same  values.  Analyses  of  oil-containing  solutions 
j.l  gram  of  oil  added  per  ml.)  by  the  proposed  method  also 
gave  the  same  values. 

lalyses  of  petroleum  ether  solutions  containing  carotene, 
oxidized  carotene,  xanthophyll,  and  oil,  are  shown  in  Table  I, 
samples  6  and  7.  Analyses  of  these  samples,  using  the  alu¬ 
minum  oxide  column,  gave  the  same  carotene  content  as 
was  obtained  by  the  analyses  of  similar  solutions  containing 
no  oil,  using  the  dibasic  calcium  phosphate  column.  The 
oil,  therefore,  did  not  interfere  with  the  removal  of  these 
noncarotene  chromogens  by  aluminum  oxide  when  the 
analyses  were  made  as  described. 


Table  II.  Comparison  of  Aluminum  Oxide  Column  for 
Removal  of  Noncarotene  Chromogens  with  Methods  of 
Peterson  and  Moore 

(Petroleum  ether  extract  of  dehydrated  alfalfa  leaf  meal  that  had  been 
stored  a  year.  Micrograms  of  carotene  in  10-ml.  aliquot) 


AliOj  Column,  Moore  Method,  Peterson  Method, 

Triplicate  Triplicate  Triplicate 

180.180.179  182,185,185  . 

1  gram  of  oil  added  to  aliquots 

180.181.180  .  207,218,214 


Comparison  with  Moore  and  Peterson  Methods 

A  sample  of  alfalfa  that  had  been  in  storage  for  almost  a 
year  was  extracted  with  petroleum  ether,  and  10-ml.  aliquots 
of  the  solution  were  analyzed  for  carotene  by  the  proposed 
method  and  by  passage  through  a  column  of  dibasic  .calcium 
phosphate.  The  results  by  the  two  methods  were  very 
similar.  Aliquots  of  10  ml.,  to  which  1  gram  of  refined  corn 
oil  was  added,  were  analyzed  by  the  proposed  method  and  by 
the  Peterson  method  (9).  The  method  of  Moore  was  not 
used  because  it  is  not  directly  applicable  to  solutions  contain¬ 
ing  such  large  amounts  of  oil.  The  Peterson  method  gave 
appreciably  higher  results  than  the  aluminum  oxide  method. 
Results  with  the  latter  agreed  with  the  analyses  made  before 
the  addition  of  the  oil.  The  data  are  given  in  Table  II.  It 
has  been  previously  shown  ( 1 ,  2,  5,  7)  that  methods  based  on 
phasic  separation  do  not  remove  all  noncarotene  chromogens. 

Cottonseed  oil  solutions  of  carotene  that  had  been  in 
storage  under  various  conditions  were  analyzed  (1)  by  simply 
diluting  with  petroleum  ether  to  a  suitable  volume,  (2)  by  the 
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Table  III.  Comparison  of  Proposed  Method  with  Dilution 
and  Peterson  Methods 

(Samples  consist  of  cottonseed  oil  solutions  of  crystalline  carotene  after  7 
months’  storage  under  various  conditions.  Micrograms  per  1  ml.  of  oil) 


Sample 

Apparent  Carotene, 
Obtained  by 
Dilution  Only, 

True  Carotene 

Proposed  method,  Peterson  method, 

No. 

Duplicates 

duplicates 

duplicates 

S  127 

171,  170 

151, 157 

156, 155 

S  128 

173, 175 

160,  158 

156, 160 

S  129 

175,  177 

161,  160 

160, 158 

S  130 

198,  199 

175,  176 

175, 176 

S  132 

198,  198 

175,  175 

175,  175 

S  138 

155,  155 

139,  139 

139,  139 

S  139 

178, 178 

163, 165 

160,  165 

S  140 

186,  186 

170,  170 

176, 176 

proposed  method,  and  (3)  by  the  method  of  Peterson.  The 
data,  given  in  Table  III,  indicate  that  colored  oxidation 
products  of  carotene  may  develop  during  the  storage  of  oil 
solutions  of  carotene  and,  therefore,  analyses  made  without 
their  removal  may  be  in  error.  Very  close  agreement  with 
the  Peterson  method  was  obtained  in  these  samples,  which 
were  prepared  with  crystalline  carotene  (90  per  cent  beta  and 
10  per  cent  alpha)  and  refined  cottonseed  oil.  As  noted 
above,  this  agreement  was  not  obtained  in  the  analyses  of 
oil  containing  the  chromogens  extracted  from  alfalfa  that 
had  been  in  storage  for  some  time.  It  appears  that  the 
Peterson  method  is  more  efficient  in  removing  colored 
oxidation  products  of  carotene  than  it  is  in  removing  some  of 
the  other  noncarotene  chromogens  that  may  be  present  in  a 
plant  extract. 

Satisfactory  analyses  were  also  made  by  the  proposed 
method  on  solutions  of  carotene  in  refined  corn,  refined 
soybean,  raw  coconut,  and  raw  rice  bran.  It  may  be  assumed 
that  the  method  will  be  satisfactory  for  other  vegetable  oils. 


Summary 

A  rapid  method  is  described  for  the  determination  of 
carotene  in  vegetable  oil  solutions  without  saponification. 
The  colored  oxidation  products  of  carotene  that  develop 
during  storage  are  removed  by  this  method.  The  carotene 
is  separated  from  the  other  chromogens  by  passing  a  petro¬ 
leum  ether  solution  of  the  oil  containing  the  mixed  chromo¬ 
gens  through  a  Tswett  column  of  aluminum  oxide  and  eluting 
the  carotene  with  2  per  cent  acetone  in  petroleum  ether. 
The  method  will  also  separate  carotene  from  the  pigments 
extracted  by  petroleum  ether  (30°  to  60°  C.)  from  dehydrated 
alfalfa,  as  well  as  from  very  large  amounts  of  xanthophyll. 
The  volume  of  sample  and  eluent  must  be  controlled  to 
ensure  accurate  separations  of  carotene  by  the  column  of 
aluminum  oxide  prepared  as  described. 
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Detecting  Adulteration  of  Ethyl  vanillin  with  Vanillin 

HOWARD  NECHAMKIN,  1971  73rd  St.,  Brooklyn,  N.  Y. 


■^/"ANILLIN, 


OH 

A 


\^/OCH3) 

CHO 


OH 


and  ethylvanillin,  II^JOCkHs, 
CHO 


would  be  expected  to  behave  alike  in  chemical  reac¬ 
tions  because  of  their  similar  structures.  Their  main  func¬ 
tional  groups,  — OH  and  — CHO,  are  identical,  and  their  less 
active  functional  groups,  — OCH*  and  — OCH2CH3,  differ  only 
by  one  — CH2  grouping.  Tests  for  distinguishing  between 
them  are  therefore  not  very  common,  much  less  those  for  de¬ 
tecting  the  presence  of  one  in  the  other.  In  fact,  only  one 
really  satisfactory  test  has  been  published  ( 2 )  for  detecting 
ethylvanillin  in  the  presence  of  vanillin,  and  none  for  detect¬ 
ing  vanillin  in  the  presence  of  ethylvanillin. 

The  two  compounds,  together  with  coumarin,  are  widely 
used  in  the  manufacture  of  imitation  vanilla  flavors.  The 
compound  used  must  be  stated  on  the  label  of  the  product, 
and  if  only  vanillin  is  claimed  by  the  label,  the  presence  of 
ethylvanillin  in  the  mixture  must  be  considered  adulteration. 
However,  because  ethylvanillin  is  much  more  expensive  than 
vanillin  and  three  times  as  much  vanillin  as  ethylvanillin 
must  be  used  to  produce  comparable  products,  adulteration 
of  this  type  is  not  to  be  expected.  When  ethylvanillin  is  de¬ 
clared  on  the  label,  federal  specification  EE-E-911a  calls  for 
at  least  0.33  gram  of  that  substance  per  100  cc.  of  imitation 


vanilla  flavor.  It  would  then  be  very  profitable  to  substitute 
vanillin  for  some  ethylvanillin. 

Testing  laboratories  which  examine  imitation  vanilla  flavor 
for  prospective  purchase  of  the  merchandise  could  use  the 
following  procedure  to  test  for  adulteration  of  ethylvanillin 
with  vanillin. 

Reagents 

1.  Two  per  cent  alcoholic  solution  of  potassium  hydroxide,  to 
which  excess  ammonium  thiocyanate  has  been  added. 

2.  A  mixture  of  1  cc.  of  7  per  cent  aqueous  cupric  sulfate  pen- 
tahydrate,  4  cc.  of  3  per  cent  alcoholic  ferric  chloride  dodecahy- 
drate,  and  5  cc.  of  95  per  cent  ethyl  alcohol. 

Procedure 

The  ethylvanillin-vanillin  fraction  of  the  product  is  extracted 
with  alcohol-free  ether,  and  if  not  crystalline  is  purified  accord¬ 
ing  to  the  method  of  the  A.  O.  A.  C .(1).  Twenty-five  milligrams  of 
the  residue,  dried  in  a  sulfuric  acid  desiccator,  are  placed  in  a 
medium-sized  test  tube.  For  comparative  purposes,  25  mg.  of 
pure  ethylvanillin  may  be  placed  in  another  test  tube  and  put 
through  the  same  procedure  as  the  unknown.  Three  to  4  cc.  of 
95  per  cent  ethanol  are  added  to  the  solid  and  the  tube  is  shaken. 
A  drop  of  reagent  1  and  then  a  drop  of  reagent  2  are  added  and 
the  mixture  is  gently  shaken  for  a  minute.  In  the  presence  of 
vanillin  a  red  color  is  produced,  which  fades  very  slightly  during 
several  hours.  If  only  ethylvanillin  is  present,  a  light  yellow  color 
will  result  from  a  very  rapidly  fading  reddish  solution. 

The  test  tubes  used  must  be  perfectly  clean  and  it  is  advisable 
to  rinse  them  with  alcohol  before  the  test.  If  a  quantitative  es- 
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timate  of  the  amount  of  vanillin  present  is  desired,  the  color  pro¬ 
duced  by  the  unknown  may  be  compared  in  the  colorimeter  with 
those  produced  by  known  mixtures  of  vanillin  and  ethylvanillin 
during  the  same  period  of  time. 

The  method  has  been  found  to  detect  the  presence  of  at 
least  1  mg.  of  vanillin  in  the  specimen  taken  for  analysis. 
Coumarin  does  not  interfere.  Fresh  reagents  should  be  pre¬ 
pared  after  2  days,  since  too  much  water  and  the  tendency  of 


reagent  2  to  separate  will  cause  a  decrease  in  the  sensitivity 
of  the  test.  The  procedure  must  be  carefully  followed,  since 
the  addition  of  too  much  reagent  or  of  reagent  2  before  re¬ 
agent  1  may  lead  to  erroneous  results. 
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Analysis  of  Constant-Pressure  Filtration  Data 

DAVID  J.  PORTER 
University  of  Missouri,  Columbia,  Mo. 


RUTH,  Montillon,  and  Montonna  ( 1 )  developed  the 
equation 

(7  +  C)2  =  K(9  +  ea )  (1) 

relating  the  volume,  7,  of  filtrate  produced  during  a  given 
filtration  at  constant  pressure,  to  the  filtering  time  d,  the 
terms  C  and  d0  representing,  respectively,  the  theoretical 
amount  of  filtrate  and  filtering  time  required  to  develop  the 
initial  press  resistance.  To  evaluate  the  constants  of  this 
equation  they  plotted  dd/dV  against  7,  securing  the  straight 
line 

de/dV  =  2(7  +  O/K  (2) 

the  slope  and  7-intercept  of  which  determine  K  and  C,  from 
which  d0  is  found  by  substitution  in  Equation  1.  They 
showed  how  the  determination  of  the  constants  may  further 
be  simplified  by  the  assumption  of  a  parabolic  V-d  relation, 
permitting  determination  of  the  constants  from  the  data  of 
any  three  instants  during  the  filtration. 

Herewith  is  presented  an  alternate  method  of  evaluating 
the  filtration  constants,  applicable  to  any  filtration  rep¬ 
resented  by  Equation  1.  The  working  assumptions  are  that 
at  d  =  0,  7  =  0,  and  that  the  quantities  of  filtrate  are  7i 
and  Vt  at  times  dx  and  d2l  with  d2  chosen  to  be  twice  di. 
Substitution  of  these  conditions  successively  in  Equation  1 


gives 

C2  =  K80  (3) 

(7j  +  O2  =  K{e1  +  e0)  (4) 

(7j  +  O2  =  K{82  +  80 )  (5) 

Subtraction  of  Equation  3  from  4  and  5  and  substitution  of 
n7i  for  7*  give,  following  some  manipulation, 

C  =  Fi(n2  -  2)/2(2  -  n)  =  F,V \  (6) 

K  =  V2hi{n  -  1)M(2  -  n)  =  FiVS/d!  (7) 

0o  =  0i (n2  -  2) 2/4n(2  -  »)(n  -  1)  =  Fze1  (8) 


The  relations  between  Fi,  F2,  and  F2  and  n  are  shown  in 
Figure  1  for  1.2  <  n  <  1.9,  with  the  inset  covering  the  values 
for  n  in  the  neighborhood  of  \/ 2. 

_  To  evaluate  the  constants  of  any  constant-pressure  filtra¬ 
tion  by  the  use  of  this  method  it  is  necessary  to  know  the 
amounts  of  filtrate  at  two  elapsed  times  of  filtration  for  which 
di  =  2di.  The  ratio  of  the  two  values  of  7  gives  n,  from  which 


Figure  1 

Filtration  Constants,  F, 
from  Values  of  n 


the  quantities  F  can  be  found  for  substitution  in  Equations 
6,  7,  and  8  for  direct  determination  of  C,  K,  and  d0. 
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The  Chemistry  of  Indium 

A  Colorimetric  Method  for  the  Estimation  of  Small  Amounts  of  Indium 

THERALD  MOELLER,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  Ill. 


THE  suitability  of  8-hydroxyquinoline  as  a  reagent  for 
the  estimation  of  small  amounts  of  indium  was  pointed 
out  by  Geilmann  and  Wrigge  ( 5 ),  who  reported  that  quantita¬ 
tive  precipitation  of  the  compound  In(C9H60N)3  could  be 
effected  at  70°  to  80°  C.  from  a  sodium  acetate-acetic  acid 
buffer,  and  indium  then  determined  either  by  direct  weighing 
of  the  precipitate  after  drying  at  120°  or  by  application  of 
the  usual  bromometric  titration  procedure  after  solution  of 
the  compound  in  warm  10  to  15  per  cent  hydrochloric  acid. 
Accurate  results  in  the  concentration  range  0.83  to  70.8  mg. 
of  indium  were  obtained. 

The  possibility  of  utilizing  the  8-hydroxyquinoline  deriva¬ 
tive  of  indium  for  the  colorimetric  estimation  of  the  element 
has,  apparently,  escaped  consideration.  The  compound 
In(C9H6ON)3  dissolves  readily  in  chloroform  (a  not  unexpected 
fact,  since  chelate  linkages  within  the  molecule  completely 
satisfy  the  coordination  number  of  six  which  is  normally 
shown  by  indium)  yielding  bright  yellow  solutions,  the  colors 
of  which  are  of  sufficient  intensity  to  be  readily  detectable 
even  at  indium  concentrations  below  1  mg.  per  liter  of  solvent. 
Consequently,  it  seemed  advisable  to  investigate  this  possi¬ 
bility,  and  the  results  here  reported  summarize  a  spectro- 
photometric  examination  of  the  system  and  a  procedure  for 
the  extraction  of  the  metal  and  its  subsequent  colorimetric 
estimation  as  the  8-hydroxyquinoline  complex. 

Apparatus  and  Materials 

All  colorimetric  measurements  reported  herein  were  made  with 
a  Cenco-Sheard  spectrophotelometer  (9),  using  cells  of  1-cm. 

(±0.5  per  cent)  thickness  and  employing  a  slit  width  of  5  m/t. 
Measurements  of  pH  were  made  with  a  Beckman  Laboratory 
Model  G  pH  meter,  the  glass  electrode  of  which  was  calibrated 
against  a  standard  phthalate  buffer. 

A  standard  indium  sulfate  solution  containing  11.64  mg.  of 
indium  per  milliliter  as  determined  gravimetrically  by  hydroxide 
precipitation  ( 8 )  was  prepared  from  anhydrous  sulfate  obtained 
originally  from  a  sample  of  the  metal  of  99.98  per  cent  purity  ( 8 ). 

From  one  portion  of  this  solution,  the  indium  derivative  of  8- 
hydroxyquinoline  was  prepared  according  to  the  directions  of 
Geilmann  and  Wrigge  (5).  The  washed  and  dried  product 
analyzed  20.81  per  cent  indium  as  compared  with  20.97  per  cent 
calculated  for  In(CsH6ON)3.  From  a  second  portion  of  the  sul-  <-> 

fate  solution,  a  stock  indium  solution  containing  the  equivalent  ^ 

of  1  mg.  of  the  metal  in  10  ml.  was  obtained  by  dilution.  i- 

Chloroform,  containing  1  per  cent  ethanol  by  volume,  was  of 
analytical  reagent  quality.  During  the  investigation,  it  was  2 
found  convenient  to  recover  chloroform  containing  8-hydroxy-  ^ 
quinoline  or  its  indium  derivative  by  shaking  with  6  N  sulfuric  ^ 
acid,  which  completely  extracts  these  materials,  distilling  from  n: 

lime,  and  adding  ethanol  in  the  same  fashion  as  recommended  l_ 

for  recovery  from  dithizone  extractions  ( 2 ).  Chloroform  so  re-  (_ 
covered  was  colorimetrically  indistinguishable  from  the  original  z 
material.  Indium  can  be  recovered  after  destruction  of  the 
quinoline  material  ( 5 ). 

The  8-hydroxyquinoline  used  was  an  Eastman  Kodak  prepara-  “■ 

tion,  and  other  chemicals  were  of  the  best  qualities  obtainable.  q. 

Gallium  and  thallic  sulfate  solutions  were  obtained  from  the 
pure  oxides. 

Spectrophotometric  Examination  of  Chloroform 
Solutions  of  the  Indium  Derivative  of 
8-Hydroxyquinoline 

Spectral  transmittancy  studies  over  a  wave-length  range 
of  350  to  700  m/z  were  made  upon  solutions  prepared  by  dilu¬ 
tion  to  appropriate  concentrations  of  a  stock  solution  con¬ 
taining  the  indium  derivative  of  8-hydroxyquinoline  in  quan¬ 


tity  corresponding  to  1000  mg.  of  indium  per  liter  of  chloro¬ 
form.  Characteristic  data  are  given  in  Figure  1. 

Measurements  at  concentrations  greater  than  50  mg.  of 
indium  per  liter  are  not  included,  but  the  curves  obtained 
differ  only  in  a  marked  broadening  of  the  absorption  band. 
Maximum  absorption  is  noted  at  395  mp.  for  most  samples, 
with  a  tendency  to  shift  to  400  m/x  at  higher  concentrations. 
Inasmuch  as  this  absorption  band  is  rather  broad,  differences 
in  transmittancy  between  395  and  400  m/z  are  in  no  instance 
particularly  great.  Because  of  this  fact  and  because  400  m jz 
represents  the  lower  limit  on  some  instruments,  all  further 
measurements  were  made  at  400  m/x. 

Extraction  and  Colorimetric  Estimation  of 
Indium 

Indium,  like  aluminum  and  ferric  iron  (1),  can  be  extracted 
from  aqueous  salt  solutions  by  shaking  with  a  chloroform 
solution  of  8-hydroxyquinoline.  The  procedure  followed  in 
all  extractions  amounted  to  vigorous  shaking  of  a  25-ml. 
aqueous  solution  of  the  indium  salt  with  four  successive  5- 
ml.  portions  of  a  0.01  M  solution  of  8-hydroxyquinoline  in 
chloroform.  The  combined  extracts  were  then  diluted  to  50 
ml.  with  chloroform  before  colorimetric  examination.  At 
optimum  pH  values,  usually  the  third,  and  always  the 
fourth,  extract  appeared  colorless. 

The  marked  effect  of  pH  upon  precipitations  with  8-hy¬ 
droxyquinoline  ( 8 ,  4,  6)  is  also  apparent  in  these  extractions 
( 1 ).  The  most  suitable  pH  for  complete  extraction  of  in¬ 
dium  was  found  by  extracting  solutions  containing  the  equiva¬ 
lent  of  20  mg.  of  indium  per  liter  of  chloroform  and  adjusted 


Figure  1.  Transmittancy  Curves  for  Indium  Derivativ  e 
of  8-Hydroxyquinoline  in  Chloroform 
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Table  I.  Estimation  of  Indium  in  Indium  Sulfate 
Solutions 


Mg.  of  Indium 

per  Liter  of 

Chloroform 

No. 

Taken 

Found 

Deviation 

1 

0.10 

0.20 

+  0.10 

2 

0.30 

0.30 

0 

3 

0.70 

0.60 

-0.10 

4 

1.50 

1.45 

-0.05 

5 

4.00 

4.00 

0 

6 

8.00 

7.90 

-0.10 

7 

12.0 

11.9 

-0.1 

8 

16.0 

16.0 

0 

9 

20.0 

20.0 

0 

10 

24.0 

23.5 

-0.5 

11 

32.0 

33.8 

+  1.8 

to  various  pH  values  by  the  addition  of  either  0.1  N  sodium 
acetate  or  sulfuric  acid,  determining  the  per  cent  transmit- 
tancies  at  400  m/i,  and  comparing  these  values  (through  the 
use  of  a  calibration  curve)  with  the  sample  showing  maximum 
absorption.  In  this  manner,  the  degree  of  extraction  was 
obtained  at  each  pH  value. 

Reference  to  the  plot  of  these  results  given  in  Figure  2  in¬ 
dicates  that  while  extraction  begins  slightly  above  pH  1.9,  it 
is  complete  only  at  pH  3.2.  Complete  removal  of  indium 
occurs  within  the  pH  range  of  3.2  to  4.5,  and  in  all  subse¬ 
quent  extractions  a  pH  of  3.5  was  employed. 


Figure  2.  Effect  of  pH  upon  Extraction 
of  Indium 


The  pH  values  given  in  Figure  2  are  for  the  aqueous  solu¬ 
tions  before  shaking  with  the  8-hydroxyquinoline  reagent. 
During  the  extraction  process,  some  of  the  amine  enters  the 
aqueous  phase  with  an  attendant  increase  in  pH,  but  under 
standard  conditions  of  extraction,  the  initial  pH  appears  to 
be  the  more  readily  attainable  and  therefore  the  more  impor¬ 
tant.  When  the  pH  is  1.9  or  less,  8-hydroxyquinoline  is  com¬ 
pletely  extracted  from  the  chloroform  owing  to  combination 
with  the  acid,  and  at  pH  values  above  4.5,  precipitation  of 
hydrous  indium  hydroxide  both  decreases  the  amount  of  ex¬ 
tractable  indium  and  renders  layer  separation  difficult 
through  emulsification  of  water  in  chloroform. 


Plotted  in  Figure  3  are  data  obtained  from  transmittancy 
studies  at  400  m/i  upon  extracts  made  at  pH  3.5  from  indium 
sulfate  solutions  of  varying  concentrations  prepared  from  the 
stock  solution  containing  1  mg.  of  indium  in  10  ml.  Beer’s 
law  is  obeyed  at  concentrations  up  to  18.0  mg.  of  indium  per 
liter  of  chloroform,  but  at  larger  concentrations  deviations 
become  increasingly  great.  Intersection  of  the  curve  with 
the  zero  axis  of  concentration  at  a  point  below  that  corre¬ 
sponding  to  100  per  cent  transmittancy  is  due  to  the  fact  that 
a  chloroform  solution  of  8-hydroxyquinoline,  although  ap¬ 
parently  colorless,  shows  a  slight  absorption  at  400  m/t  (1,  7). 
Use  of  constant  conditions  of  extraction  obviates  this  difficulty. 


Figure  3.  Relation  between  Transmittancy  and  Indium 
Concentration 


The  reproducibility  and  accuracy  of  the  method  are  indi¬ 
cated  by  the  data  in  Table  I.  In  the  range  of  0.30  to  20.0 
mg.  of  indium  per  liter  of  chloroform,  deviations  are  small, 
but  at  higher  and  lower  concentrations  they  become  marked. 
If  concentrations  be  expressed  in  terms  of  actual  indium  con¬ 
tent  instead  of  per  liter  of  chloroform,  the  sensitivity  of  the 
method  is  apparent.  Since  given  concentrations  were  ob¬ 
tained  from  50-ml.  chloroform  solutions,  accurate  measure¬ 
ments  resulted  with  actual  indium  contents  in  the  range 
0.015  to  1.00  mg. 

Interferences 

Nitrate,  chloride,  or  sulfate  solutions  containing  in  25-ml. 
portions  the  equivalents  of  20  mg.  of  various  metals  per  liter 
of  chloroform  (on  the  basis  of  complete  extraction)  were  ex¬ 
tracted  at  pH  3.5  by  the  above  procedure,  transmittancies 
at  400  m/i  being  determined.  The  following  ions  were  not 
extracted  under  these  conditions :  magnesium,  calcium,  stron¬ 
tium,  zinc,  cadmium,  mercuric,  stannic,  lead,  manganous, 
chromic,  and  silver.  The  following  ions  yielded  extracts 
showing  transmittancies  below  that  for  8-hydroxyquinoline 
and  were,  therefore,  extracted  (at  least  in  part) :  aluminum, 
gallium,  thallic,  stannous,  bismuth,  cupric,  ferric,  ferrous, 
nickel,  and  cobalt  (slightly).  Ions  of  the  latter  group  would 
interfere  with  the  estimation  of  indium  by  this  method. 

Estimation  of  indium  should  be  possible  in  the  presence  of 
any  ion  not  extractable  at  pH  3.5.  In  Table  II  are  summa¬ 
rized  data  for  determinations  made  in  the  presence  of  varying 
quantities  of  zinc,  cadmium,  and  lead  ions,  concentrations 
again  being  expressed  relative  to  1  liter  of  chloroform.  The 
feasibility  of  the  procedure  is  apparent. 

Since  the  most  persistent  impurity  in  indium  is  iron,  a 
method  for  the  estimation  of  indium  in  the  presence  of  iron 
would  be  of  value.  Application  of  the  present  procedure 
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Table  II.  Estimation  of  Indium  in  Presence  of  Zinc, 
Cadmium,  or  Lead 

(20.0  mg.  of  indium  per  liter  of  chloroform  taken  in  all  cases) 


Impurity  Added 

Indium  Found 

Ion 

Mg. 

Mg. 

Zn  +  + 

20 

20.0 

100 

20.0 

200 

20.0 

Cd  +  + 

20 

20.0 

100 

20.0 

200 

20.0 

Pb  +  + 

20 

20.0 

100  a 

20.0 

a  Some  precipitation  of  lead  sulfate  noted. 


would  be  feasible  if  it  were  possible  to  extract  either  ferric 
iron  or  indium  to  the  exclusion  of  the  other  at  an  appropriate 
pH.  However,  since  the  extraction  of  the  ferric  derivative 
of  8-hydroxyquinoline  is  complete  only  at  pH  values  above 
1.9  to  2.0  (i,  7)  whereas  extraction  of  indium  begins  in  this 
pH  interval,  such  a  procedure  would  not  appear  to  be  suitable. 
Furthermore,  the  extensive  absorption  of  the  ferric  complex 
at  400  m/i  (7)  would  cause  any  iron  unextracted  at  a  pH  lower 
than  1.9  to  interfere  with  indium  extracted  at  pH  3.5.  At¬ 
tempts  at  successive  extractions  of  iron  and  indium  have 
fully  demonstrated  the  lack  of  reliability  of  such  a  procedure. 

Summary 

The  8-hydroxyquinoline  derivative  of  indium  dissolves 
readily  in  chloroform,  yielding  yellow  solutions  which  show  a 
fairly  broad  absorption  band  in  the  region  of  395  to  400  m/i. 
At  400  m/i,  such  solutions  obey  Beer’s  law  in  concentrations 
up  to  18.0  mg.  of  indium  per  liter  of  chloroform  and  lend 
themselves  to  the  colorimetric  estimation  of  the  element. 

Indium  ion  can  be  completely  extracted  from  aqueous 


solutions  in  the  pH  range  3.2  to  4.5  by  shaking  with  a  chloro¬ 
form  solution  of  8-hydroxyquinoline.  Of  the  commoner  ions, 
only  the  following  are  extracted  at  pH  3.5  and  therefore  in¬ 
terfere  with  the  colorimetric  estimation  of  indium  in  the 
chloroform  extracts:  aluminum,  stannous,  bismuth,  ferric, 
ferrous,  cobalt,  nickel,  and  cupric.  Gallium  and  thallic  ions 
also  interfere. 

Indium  can  be  estimated  accurately  in  the  presence  of 
considerable  quantities  of  zinc,  cadmium,  and  lead  ions,  but 
it  appears  impossible  to  determine  indium  accurately  in  ferric- 
indium  ion  solutions  by  extraction  of  ferric  iron  at  a  low  pH 
and  subsequent  extraction  of  indium  followed  by  colorimetric 
examination. 

The  colorimetric  procedure  yields  accurate  results  for  in¬ 
dium  concentrations  in  the  interval  of  0.3  to  20  mg.  per  liter 
of  chloroform  or  0.015  to  1.00  mg.  of  the  metal  in  a  25-ml. 
aqueous  solution.  Analyses  of  samples  containing  larger 
amounts  of  indium  should  be  possible  through  sufficient  dilu¬ 
tion  of  the  chloroform  extract. 
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The  Dead-Stop  End  Point 

As  Applied  to  the  Karl  Fischer  Method  for  Determining  Moisture 

GRANT  WERNIMONT  AND  F.  J.  HOPKINSON,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


THE  chemical  reaction  involved  in  the  Karl  Fischer 
method  (2)  for  determining  water  was  given  originally  as 
follows: 

2H20  +  Ij  +  S02.2C6H6N  +  2C5H6N  = 

(CsHsNhHaSCL  +  2C6H6N.HI 

Smith,  Bryant,  and  Mitchell  (4)  have  shown  that  the  reac¬ 
tion  is  not  so  simple  as  this  and  that  it  occurs  in  two  distinct 
steps: 


I2  +  S02  +  3/  )>N  +  H20  =  2<^  ^>N<^  +  )> 


+  CH3OH 


o< 


H 

so4ch3 


The  second  reaction  does  not  involve  water  and  this  makes 
it  necessary  to  control  all  conditions  with  care  during  the  titra¬ 
tion  in  order  to  get  reproducible  results.  No  equation  can  be 
written  to  represent  the  stoichiometric  relation  between  the 
water  consumed  and  the  amount  of  Fischer  reagent  used  up. 
This  is  not  a  serious  drawback,  however,  because  the  Fischer 
reagent  is  readily  standardized  against  pure  water  or  a 
standard  solution  of  water. 


Fischer,  as  well  as  Smith,  Bryant,  and  Mitchell,  detected 
the  end  point  visually  by  the  appearance  of  brown  iodine 
when  all  the  water  had  reacted.  This  is  often  difficult  because 
the  products  of  the  reaction  are  yellow  and  the  brown  color 
of  iodine  is  not  easily  seen  under  these  conditions.  Starch 
does  not  serve  as  an  indicator  for  iodine  in  these  nonaqueous 
solutions. 

Almy,  Griffin,  and  Wilcox  (I)  used  a  potentio- 
metric  method  with  platinum  and  tungsten  elec- 
S02  trodes  for  detecting  the  end  point  which  was  more 
I  precise  than  the  visual  method.  The  authors  have 

U  been  able  to  duplicate  their  results,  although  the 

manipulation  difficulties  are  a  little  greater  than 
when  the  end  point  is  detected  visually. 

The  authors  have  found  that  the  dead-stop  method  of  Foulk 
and  Bawden  (8)  gives  a  sharp  and  reproducible  end  point  in 
these  nonaqueous  solutions  with  fewer  manipulation  difficulties 
than  the  potentiometric  method  and  better  precision  than  the 
visual  method.  It  depends  upon  the  fact  that  when  an  elec¬ 
tromotive  force  of  10  to  15  millivolts  is  impressed  upon  two 
platinum  electrodes  immersed  in  the  Fischer  reagent,  suffi¬ 
cient  current  flows  through  the  solution  to  deflect  a  galvanom¬ 
eter  off  the  scale.  During  the  titration  of  the  Fischer  re- 
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Figure  1.  Titration  Apparatus 


agent  with  a  standard  solution  of  water  in  methanol,  the 
galvanometer  remains  deflected  until  the  end  point  is  ap¬ 
proached.  Near  the  end  point  the  galvanometer  is  affected 
by  each  addition  of  water  solution,  and  at  the  end  point  the 
galvanometer  suddenly  comes  to  a  steady  reading  near  its  rest 
point.  The  reverse  titration — that  is,  the  addition  of  Fischer 
reagent  to  a  solution  containing  water — was  found  to  be  less 
satisfactory  and  was  not  used  in  these  experiments. 

The  dead-stop  apparatus  is  continuous-reading,  and  re¬ 
quires  practically  no  adjustment  from  day  to  day,  while  the 
potentiometric  apparatus  must  be  adjusted  before  each  indi¬ 
vidual  titration. 

Apparatus 

The  two  standard  solutions  were  dispensed  from  automatic 
burets,  protected  from  atmospheric  moisture  by  means  of  Drierite. 

The  apparatus  for  stirring  the  solutions  was  similar  to  that  of 
Almy,  Griffin,  and  Wilcox  ( 1 )  and  is  shown  in  Figure  1.  The 
stirrer,  buret  tip,  and  platinum  electrodes  pass  through  a  Bakelite 
stopper  which  has  been  turned  to  fit  a  No.  27  standard  taper, 
250-ml. ,  glass-stoppered  Erlenmeyer  flask.  The  stirring  pro¬ 
peller  and  its  bearing  are  made  of  stainless  steel. 

The  dead-stop  apparatus  was  similar  to  that  used  by  Werni- 
mont  and  Hopkinson  ( 6 ). 

A  small  weighing  pipet  for  standardizing  the  solutions  consisted 
of  a  2-ml.  medicine  dropper  with  a  rubber  bulb  and  a  Nichrome 
suspension  wire. 

Reagents 

Fischer  Reagent.  A  700-ml.  portion  of  pyridine,  Eastman 
reagent  No.  214-H,  was  measured  into  a  1-hter  Erlenmeyer  flask 


and  tared  on  a  platform  balance.  Gaseous  sulfur  dioxide  was 
passed  from  a  cylinder  into  the  pyridine  through  a  gas-dispersion 
tube  until  380  grams  had  been  added.  When  the  solution  had 
cooled  to  room  temperature,  1  liter  of  pyridine,  200  ml.  of  anhy¬ 
drous  methanol,  and  500  grams  of  resublimed  iodine  were  added ; 
it  was  immediately  cooled  in  an  ice  bath  and  shaken  occasionally 
until  all  the  iodine  was  dissolved.  The  reagent  was  stored  in  a 
glass-stoppered  bottle  and  dispensed  from  an  automatic  50-ml. 
buret,  protected  from  atmospheric  moisture  by  means  of  Drierite. 

Standard  Water  Solution.  Twenty  milliliters  of  distilled 
water  were  added  to  3.8  liters  of  commercial  methanol  and  this 
solution  was  dispensed  from  an  automatic  buret,  protected  from 
atmospheric  moisture  by  means  of  Drierite,  directly  into  the  titra¬ 
tion  flask  in  the  stirring  apparatus.  The  ratio,  72,  between  this 
solution  and  the  Fischer  reagent  was  first  determined  by  direct 
titration  to  a  dead-stop  end  point.  Then  25-ml.  portions  of 
anhydrous  methanol  were  titrated  for  their  moisture  content  by 
adding  Fischer  reagent  until  the  brown  color  of  iodine  appeared 
and  back-titrating  with  standard  water  solution  to  a  dead-stop 
end  point.  The  milliliters  of  standard  water  solution,  b,  equiva¬ 
lent  to  the  water  in  the  methanol  were  calculated  as  follows: 

b  =  (ml.  of  Fischer  reagent  X  72)  — 

(ml.  of  standard  water  solution) 

Finally,  0.13-  to  0.15-gram  portions  of  water  were  weighed 
from  a  small  weighing  pipet  into  dry  Erlenmeyer  flasks  containing 
25  ml.  of  anhydrous  methanol.  Fischer  reagent  was  then  slowly 
added  to  these  solutions  until  an  excess  was  present  and  the  excess 
was  immediately  back-titrated  with  standard  water  solution  to  a 
dead-stop  end  point.  The  water  factor,  W,  of  the  standard  water 
solution  was  calculated  as  follows: 

pp  _  grams  of  water  weighed 

(ml.  of  Fischer  reagent  X  72)  — 

(ml.  of  standard  water  solution)  —  b 

An  alternative  method  for  standardizing  the  solutions  and  mak¬ 
ing  the  analysis  was  devised  after  this  work  was  completed  which 
made  the  calculations  somewhat  simpler.  The  distilled  water 
was  weighed  into  Erlenmeyer  flasks  containing  25  ml.  of  anhy¬ 
drous  methanol.  Several  extra  flasks  containing  25  ml.  of 
methanol  were  also  set  up  to  serve  as  blanks.  Exactly  25.00  ml. 
of  Fischer  reagent  were  added  to  the  first  blank  and  titrated  with 
the  standard  water  solution  to  a  dead-stop  end  point.  The  re¬ 
maining  blanks  were  titrated  in  a  similar  manner,  using  the  same 
volume  of  Fischer  reagent;  if  they  agreed  within  0.1  ml.,  the 
water  standards  were  then  titrated.  The  difference  between  each 
standardization  titration  and  the  average  titration  of  the  blanks 
is  equivalent  to  the  amount  of  water  weighed  out.  The  water 
factor,  W,  of  the  standard  water  solution  in  this  case  is: 

pp  _  grams  of  water  weighed 

net  ml.  of  standard  water  solution 

This  procedure  automatically  corrects  for  the  water  in  the 
solvents  used  to  dissolve  the  standards  or  samples  and  it  has  been 
most  satisfactory  when  the  samples  all  have  about  the  same 
water  content. 

Anhydrous  Methanol.  Commercial  methanol  was  allowed 
to  stand  over  Drierite  for  several  days  and  was  then  distilled  from 
Drierite  and  collected  in  a  receiver,  protected  from  atmospheric 
moisture  by  means  of  Drierite.  It  usually  contained  0.03  to  0.05 
per  cent  of  moisture  as  determined  by  this  method  on  a  25-ml. 
sample. 

Methanol  which  is  to  be  used  as  a  solvent  for  analyzing  traces 
of  moisture  in  other  materials  should  be  as  dry  as  possible,  or  the 
uncertainty  of  the  blank  determinations  becomes  appreciable. 

Stability  of  the  Standard  Solutions 

The  stability  of  the  two  standard  solutions  was  tested  by 
determining  the  ratio,  R,  between  them  at  various  intervals 
and  checking  the  water  factor,  W,  of  the  standard  water 
solution  against  weighed  amounts  of  water.  The  results, 
given  in  Table  I,  are  the  average  of  four  to  five  determina¬ 
tions.  The  range  of  the  individual  determinations  never  ex 
ceeded  6  parts  per  thousand  and  the  average  deviation  was 
about  2  parts  per  thousand.  The  factor,  W,  remained  con¬ 
stant  within  experimental  error;  but  it  was  necessary  to 
determine  the  ratio,  R,  whenever  the  solutions  were  used. 


274 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  4 


Table  I.  Stability  of  Reagents 


Date 

R° 

Wb 

1-5-40 

1.106 

0.00524 

1-8-40 

1.030 

1-9-40 

1.020 

1—11—40 

0.984 

1-17-40 

0.921 

0.00523 

2-16-40 

0.919 

0.00526 

a  R  a  ml.  of  standard  water  solution  per  ml.  of  Fischer  reagent. 
b  W  =  grams  of  water  per  ml.  of  standard  water  solution. 


Experimental  Results 

The  precision  and  accuracy  of  determining  water  in  the 
presence  of  methanol  were  determined  by  weighing  various 
amounts  of  water  from  a  small  weighing  pipet  into  Erlen- 
meyer  flasks  containing  10  ml.  of  anhydrous  methanol.  The 
resulting  solutions  and  the  original  solvent  were  analyzed  for 
their  water  content  by  adding  Fischer  reagent  until  the  brown 
color  showed  that  an  excess  was  present.  The  excess  was  im¬ 
mediately  titrated  with  standard  water  solution  to  a  dead-stop 
end  point.  The  results,  given  in  Table  II,  show  that  the 
recovery  of  water  was  satisfactory.  Similar  experiments  in 
which  the  methanol  was  replaced  by  acetone  gave  the  results 
shown  in  Table  III.  In  every  case  the  agreement  between 
water  found  and  water  present  is  satisfactory  up  to  about  200 
mg.  of  water. 


Table  II.  Analysis  of  Water  in  Presence  of  10  Milliliters 

of  Methanol 


Sample 

Fischer 

Reagent 

Standard 
Water  Solu¬ 
tion  Back- 

Standard 

W ater  Solu¬ 

Water 

Differ¬ 

No. 

Added 

Titrated 

tion,  Neta 

Found 

Present  b 

ence 

Ml. 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

1 

5.00 

6.20 

0.70 

3.74 

3.74 

2 

5.00 

6.20 

0.70 

3.74 

3.74 

3 

8.00 

6.60 

4.43 

23.7 

23.3 

+  0.4 

4 

8.00 

6.40 

4.63 

24.7 

24.4 

+0.3 

5 

10.00 

4.55 

9.24 

49.3 

50.1 

-0.8 

6 

15.00 

8.30 

12.38 

66.1 

65.5 

+0.6 

7 

15.00 

6.85 

13.83 

73.9 

74.0 

-0.1 

8 

20.00 

9.05 

18.53 

99.0 

99.1 

-0.1 

9 

20.00 

4.20 

23.38 

124.8 

125.6 

-0.8 

10 

25.00 

7.55 

26.93 

143.8 

144.3 

-0.5 

11 

25.00 

6.00 

28.48 

152.1 

152.5 

-0.4 

12 

30.00 

5.70 

35.67 

190.5 

191.6 

-1.1 

R  =  1.379  ml.  of  standard  water  solution  per  ml.  of  Fischer  reagent. 

W  =  0.00534  gram  of  water  per  ml.  of  standard  water  solution. 

°  (Ml.  of  Fischer  reagent  X  R)  —  ml.  of  standard  water  solution  back- 
titrated. 

b  Sum  of  water  added  to  and  found  in  10  ml.  of  methanol. 


Table  III.  Analysis  of  Water  in  Presence  of  10  Milli¬ 
liters  of  Acetone 
Standard 


Fischer 

Water  Solu¬ 

Standard 

Sample 

Reagent 

tion  Back- 

W ater  Solu¬ 

Water 

Differ¬ 

No. 

Added 

Titrated 

tion,  Net° 

Found 

Present^ 

ence 

Ml. 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

1 

5.00 

5.00 

1.65 

8.8 

8.6 

2 

5.00 

5.10 

1.55 

8.3 

8.6 

3 

5.00 

3.00 

3.65 

19.5 

21.7 

-2.2 

4 

5.00 

2.90 

3.75 

20.0 

21.4 

-1.4 

5 

10.00 

6.10 

7.20 

38.4 

38.1 

+  0.3 

6 

10.00 

5.50 

7.80 

41.7 

42.2 

-0.5 

7 

15.00 

9.55 

10.40 

55.5 

54.2 

+  1.3 

8 

15.00 

9.05 

10.90 

58.2 

57.0 

+  1.2 

9 

15.00 

6.45 

13.50 

72.1 

72.1 

0.0 

10 

15.00 

6.05 

13.90 

74.2 

77.7 

-3.5 

11 

20.00 

7.40 

19.20 

102.5 

106.2 

-3.7 

12 

20.00 

4.50 

22.10 

118.0 

117.1 

+0.9 

13 

25.00 

5.80 

27.45 

146.6 

148.9 

-2.3 

14 

30.00 

8.20 

31.70 

169.3 

168.7 

+  0.6 

R  =  1.330  ml.  of  standard  water  solution  per  ml.  of  Fischer  reagent. 

W  =  0.00534  gram  of  water  per  ml.  of  standard  water  solution. 

°  (Ml.  of  Fischer  reagent  X  R)  —  ml.  of  standard  water  solution  back- 
titrated. 

b  Sum  of  water  added  to  and  found  in  10  ml.  of  acetone. 


Table  IV.  Analysis  of  Known  Solutions  of  Water  in 
Methanol 

Standard 


Fischer 

Water  Solu¬ 

Standard 

Sample 

Reagent 

tion  Back- 

W ater  Solu¬ 

Water 

W  eight 

Added 

Titrated 

tion,  Net0 

Found 

Present 

Grams 

Ml. 

Ml. 

Ml. 

% 

% 

19.8 

10.00 

6.90 

2.29 

0.061 

0.059 

19.8 

10.00 

6.80 

2.39 

0.063 

19.8 

15.00 

5.45 

8.33 

0.22 

0.218 

19.8 

15.00 

5.45 

8.33 

0.22 

7.92 

15.00 

5.80 

7.98 

0.53 

0.525 

7.92 

15.00 

5.75 

8.03 

0.53 

1.580 

20.00 

2.90 

15.48 

5.13 

5.02 

1.575 

20.00 

2.85 

15.53 

5.17 

R  =  0.919  ml.  of  standard  water  solution  per  ml.  of  Fischer  reagent. 

W  =  0.00524  gram  of  water  per  ml.  of  standard  water  solution. 

°  (Ml.  of  Fischer  reagent  X  R)  —  ml.  of  standard  water  solution  back- 
titrated. 


Known  solutions  of  water  in  methanol  and  in  ethanol  were 
made  up  by  weighing  various  amounts  of  water  from  a  small 
weighing  pipet  into  100-ml.  volumetric  flasks  and  making  up 
to  the  mark  with  anhydrous  solvent.  Suitable  amounts  of 
these  known  solutions  were  then  analyzed  for  their  water 
content.  The  solvents  were  also  analyzed  and  the  “water 
present”  column  includes  the  water  which  came  along  with 
the  solvent.  The  results,  given  in  Tables  IV  and  V,  also 
show  satisfactory  recovery  of  water  by  this  procedure. 

The  dead-stop  apparatus  and  method  have  been  used  for 
the  routine  determination  of  moisture  in  lower  alcohols,  in  1,4- 
dioxane,  and  in  mixtures  of  alcohols  containing  acetone  up  to 
about  15  per  cent.  It  has  not  been  used  to  determine  water 
in  mixtures  of  high  acetone  content  because  the  acetyl  chloride 
method  of  Smith,  Bryant,  and  Mitchell  ( 5 )  has  been  found 
more  satisfactory  in  these  cases.  Some  organic  liquids,  such 
as  esters,  hydrocarbons,  and  chlorinated  hydrocarbons,  do 
not  dissolve  readily  in  the  Fischer  reagent;  but  they  have 
been  analyzed  with  satisfactory  results  when  mixed  with 
anhydrous  methanol. 


Table  V.  Analysis  of  Known  Solutions  of  Water  in 

Ethanol 

Standard 


Fischer 

W ater  Solu¬ 

Standard 

Sample 

Reagent 

tion  Back- 

Water  Solu¬ 

Water 

W  eight 

Added 

Titrated 

tion,  Net° 

Found 

Present 

Grams 

Ml. 

Ml. 

Ml. 

% 

% 

19.8 

20.00 

5.15 

10.25 

0.29 

0.28 

19.8 

19.15 

4.70 

10.06 

0.28 

7.92 

31.00 

4.85 

19.02 

1.35 

1.35 

7.92 

32.85 

6.15 

19.14 

1.36 

1.610 

36.50 

6.20 

21.90 

7.63 

7.52 

1.610 

35.40 

5.40 

21.86 

7.62 

R  =  0.770  ml.  of  standard  water  solution  per  ml.  of  Fischer  reagent. 

W  =  0.00561  gram  of  water  per  ml.  of  standard  water  solution. 

°  (Ml.  of  Fischer  reagent  X  R)  —  ml.  of  standard  water  solution  baok- 
titrated. 
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Modification  of  Cenco  Spectrophotometer 

Permitting  Measurements  of  Reflection  and  Fluorescence  Spectra 

HERBERT  J.  DUTTON  AND  GLEN  F.  BAILEY,  Western  Regional  Research  Laboratory,  U.  S.  Department  of  Agriculture, 

Albany,  Calif. 


METHODS  for  the  determination  of  color  of  opaque 
objects  fall,  essentially,  into  three  categories:  (1) 
those  employing  color  charts  or  standards  for  comparison, 
(2)  those  employing  colorimeters  and  comparators  which 
synthesize  colors  similar  to  the  colored  samples,  and  (3)  those 
employing  spectrophotometers.  Of  these  three  classes  of 
apparatus,  only  the  spectrophotometers  have  the  advantage 
of  resolving  color  into  fundamental  physical  units. 

The  investigator  who  does  not  have  available  a  reflection 
spectrophotometer,  but  does  have  the  Cenco  type  transmis¬ 
sion  spectrophotometer  (S),  may  readily  modify  that  instru¬ 
ment  to  permit  the  measurement  of  reflection  spectra. 
Fluorescence  spectra  may  also  be  measured  with  this  instru¬ 
ment  through  the  use  of  a  nearly  identical  optical  system. 
The  required  modifications  are  described  in  the  present  paper. 


Reflection  Measurements 

The  spectrophotometer  is  rotated  60°  counterclockwise  from 
its  normal  position  when  viewed  from  above,  as  shown  in  Figures 
1  and  2.  The  spring  plate  which  holds  filters  in  front  of  the  slit 


/  \ 

/  \ 


Figure  1.  Optical  System  of  the  Cenco  Spectrophotom¬ 
eter  as  Modified  for  Measuring  Reflectance  Spectra 

L,  light  source.  Q,  quartz  lens.  Mi,  Mt,  plane  mirrors.  R,  samples  for 
reflectance  measurements.  Si,  entrance  slit.  S 2,  exit  slit.  P,  photocell. 

G,  grating 


is  removed  and  a  back-silvered  mirror  (1X2  cm.)  is  attached  at 
the  side  of  the  slit  nearer  the  light  source  at  an  angle  of  approxi¬ 
mately  37.5°  to  the  optical  bench.  By  means  of  the  collimating 
lens,  the  image  of  the  lamp  filament  is  brought  to  a  focus  1  cm. 
after  reflection  from  the  mirror.  At  this  point  the  light  strikes 
the  objects  from  which  reflection  measurements  are  to  be  made. 
These  solids,  along  with  the  magnesium  oxide  standard,  are 
fastened  by  means  of  spring  clips  to  a  circular  disk.  This  disk  is 
rotated  in  a  plane  parallel  to  that  of  the  entrance  slit  of  the 
spectrophotometer,  bringing  successively  the  magnesium  oxide 
standard  and  the  individual  samples  into  the  reflecting  position. 
Thus  the  light  strikes  the  surface  of  the  sample  with  an  angle  of 
incidence  of  45°,  and  only  the  light  reflected  diffusely  and  in  a 
direction  normal  to  the  surface  passes  through  the  monochro¬ 
mator  to  the  photocell.  The  reflectance  of  the  samples  at  the 
various  wave-length  scale  settings  is  measured  by  the  usual 
method  in  terms  of  the  ratio  of  galvanometer  deflections  for  the 
samples  to  those  for  the  standard  white. 

The  standard  white  reflector  was  prepared  by  pressing  mag¬ 
nesium  oxide  powder  into  a  circular  pad  in  a  Carver  press,  and 
then  roughening  its  surface  with  fine  emery  paper.  Samples  of 
finely  divided  materials  may  also  be  prepared  for  color  measure¬ 
ments  by  pressing  them  into  a  similar  pad.  In  this  form  they  are 
readily  attached  to  the  sample  disk. 


In  order  to  obtain  sufficient  intensity  of  reflected  light  upon  the 
photocell,  using  the  lens  furnished  with  the  instrument,  an 
entrance  slit  width  of  2.5  mm.  is  used  with  an  exit  slit  width  of  a 
nominal  value  of  20  m/x.  In  the  region  of  maximum  photocell 
sensitivity  (approximately  585  m/x),  a  galvanometer  deflection  of 
45  mm.  was  obtained  for  the  standard.  At  wave  lengths  shorter 
than  430  m/x  and  longer  than  660  m/x,  deflections  of  less  than  10 
mm.  are  obtained  and  as  deflections  decrease  the  per  cent  error  in 
reading  the  galvanometer  increases.  If  the  effective  aperture  of 
the  collimating  lens  system  is  increased  by  the  introduction  of  a 
second  component  similar  to  that  furnished  with  the  instrument, 
the  intensities  on  the  photocell  are  increased  about  2.5  times. 
(The  theoretical  fourfold  increase  is  difficult  to  attain  because  of 
space  limitations.)  This  added  intensity  permits  the  extension 
of  the  effective  range  of  the  spectrophotometer  to  400  m/x  in  the 
blue  and  700  m/x  in  the  red  region  of  the  spectrum,  and  permits 
the  reduction  of  the  exit  slit  to  10  m/x  in  the  central  portion  of 
the  range. 

When  a  disk  holding  three  samples  and  the  magnesium 
oxide  standard  is  used  and  readings  are  taken  at  10-rn/x  inter¬ 
vals,  the  data  for  three  samples  may  be  obtained  in  less  than 
an  hour.  Calculation  of  the  data  requires  an  additional  half 
hour. 

The  curves  in  Figure  3  show  the  reflectance  spectra  of 
colored  papers  and  make  possible  a  comparison  of  results 
with  those  obtained  upon  a  Hardy  recording  spectrophotom¬ 
eter.  (The  colored  papers  upon  which  the  authors’ 
measurements  were  made  and  reflection  spectra  data  with 
which  they  are  compared  have  been  reproduced  by  the 
General  Electric  Co.,  2.) 

Fluorescence  Measurements 

Fluorescence  spectra  are  measured  with  the  same  optics, 
except  that  a  General  Electric  (H-6)  water-cooled  mercury  arc 
replaces  the  tungsten  lamp  as  a  source  of  excitation  and  an 
absorption  cell  containing  the  fluorescing  solution  replaces  the 
reflecting  samples.  However,  in  this  case,  the  intensity  of 
fluorescence  as  a  function  of  wave  length  is  desired,  rather 
than  the  intensity  related  to  a  standard  reflector  as  above. 
Since  the  sensitivity  of  the  photocell  varies  considerably  with 
wave  length,  it  was  necessary  to  correct  the  instrument  to  a 
constant  sensitivity  value.  A  correction  factor  for  the  spec- 


Figure  2.  Cenco  Spectrophotometer  as  Modified  for 
Measuring  Reflectance  Spectra 
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WAVELENGTH  IN  MILLIMICRONS 

Figure  3.  Reflectance  Spectra  of  Colored  Papers 

Circles  represent  data  obtained  with  modified  Ceneo  spectrophotometer.  Curves  are 
those  recorded  by  G.  E.-Hardy  spectrophotometer 


trophotometer  at  each  wave  length  was  obtained  by  dividing 
the  intensity  of  light  isolated  by  the  spectrophotometer  from  a 
tungsten  source  radiating  at  3250°  K.  by  a  value  calculated 
from  Planck’s  equation  for  the  intensity  of  light  emitted  at 
that  wave  length  from  a  black  body  radiator  at  the  same 
temperature. 

The  optical  system  is  characterized  by  an  arrangement  in 
which  the  fluoresced  light  is  observed  from  the  direction  of  the 
source.  A  system  which  has  been  used  frequently  for  exciting 
fluorescence  utilizes  a  beam  of  exciting  light  90  °  from  the  line 
of  observation  of  the  fluoresced  light  (4).  Another  arrange¬ 
ment  is  that  of  observing  the  fluoresced  light  in  line  with  the 
exciting  light  through  appropriate  filters  which  remove  the 
exciting  light  but  transmit  the  fluorescence  ( 1 ).  In  the  two 
latter  arrangements  it  can  be  shown  algebraically,  and  it  has 
also  been  observed  experimentally  ( 5 ;  see  also  Figure  4), 
that  the  shape  of  the  curve  representing  the  spectral  distribu¬ 
tion  of  energy  and  position  of  the  maximum  vary  with  the 
concentration  of  the  fluorescing  substance  as  a  result  of  re¬ 
absorption  of  the  fluoresced  light  of  shorter  wave  lengths. 
In  the  present  arrangement  in  which  the  fluoresced  light  is 
observed  from  the  direction  of  the  source,  the  position  of  the 
maxima  and  shape  of  the  curve  are  independent  of  concentra¬ 
tion.  The  algebraic  description  of  this  arrangement  is  as 


WAVELENGTH  IN  MILLIMICRONS 

Figure  4.  Fluorescence  Spectrum 
of  Thiochrome 

Solid  curve,  fluorescence  received  at  approxi¬ 
mately  180°  to  exciting  beam.  Broken  curve, 
fluorescence  received  in  line  with  exciting 
beam 


where  a / 

<*o 


dl t  =  K  c  he~aacx  X  e~ajcx  dx  dy  dz 

=  specific  absorption  coefficient  for  fluoresced  light 
=  specific  absorption  coefficient  for  activating  (excit¬ 
ing)  light 

c  =  concentration  of  fluorescing  material  in  grams  per 
liter 

x  =  depth  in  cm. 

Upon  integrating  this  function  with  respect  to  x  between  the 


limits  x  =  0  and  x  =  °°  and  substituting  for 
equivalent,  the  cross-sectional  area,  A, 

K 


If 


dy  dz  its 


If  = 


+  a.f 


X  IoA 


follows: 

Consider  the  intensity  of  fluoresced  light  of  wave  lengths  be¬ 
tween  X  and  X  T  d\  coming  from  an  elementary  volume,  dx  dy  dz, 
in  a  fluorescing  solution  of  infinite  depth  and  excited  by  mono¬ 
chromatic  light  of  incident  intensity  (Jo)  uniform  over  the  inci¬ 
dent  surface.  Let  the  angle  of  the  path  of  fluoresced  light  be  180° 
with  respect  to  the  exciting  beam  and  90°  with  respect  to  the 
plane  of  the  window  of  the  containing  cell.  When  several  con¬ 
stants  (the  quantum  efficiency  factor  for  the  wave-length  band 
dX,  the  specific  absorption  coefficient  of  the  solution  for  the  ex¬ 
citing  light,  and  the  ratio  of  the  energy  values  of  the  quanta 
corresponding  to  the  wave  lengths  of  exciting  and  fluoresced 
light)  involved  in  the  excitation  of  fluorescence  are  grouped  into  a 
single  constant,  K,  the  intensity  of  the  fluoresced  light,  dl/, 
reaching  the  measuring  instrument  from  the  elementary  volume, 
dx  dy  dz,  may  be  expressed  as  the  product  of  (1)  constant  K,  (2) 
the  concentration  of  the  fluorescing  substance,  (3)  the  intensity, 
(I0e~a“cx),  of  exciting  light  reaching  depth  x,  and  (4)  the 
fraction  of  the  intensity  of  fluoresced  light  transmitted  back  in 
the  direction  of  the  exciting  beam  through  x  cm.  of  solution 
(e-°7“): 


the  concentration  factor  cancels  out  and  therefore  the  intensity 
of  the  fluoresced  light  of  any  given  wave  length  is  independent  of 
concentration. 

In  practice,  an  absorption  cell  of  1-cm.  depth  was  used  in¬ 
stead  of  the  theoretical  cell  of  infinite  depth  and  the  concen¬ 
tration  of  the  fluorescent  material  was  increased  to  give  total 
absorption  of  the  exciting  light  in  a  depth  of  1  cm.  In  certain 
cases — e.  g.,  that  of  thiochrome  described  below — 90  per  cent 
of  the  exciting  light  was  absorbed  in  passage  through  the  first 
millimeter  of  solution. 

An  example  of  the  type  of  data  taken  with  the  apparatus 
and  optical  system  just  described  is  given  in  Figure  4  as  the 
solid  curve — the  fluorescence  spectrum  of  thiochrome  (the 
alkaline  oxidation  product  of  vitamin  IL).  The  dotted  line 
represents  data  taken  with  the  optical  system  in  which 
fluorescence  is  observed  in  line  with  the  exciting  beam.  As 
explained  above,  the  shift  of  the  maximum  toward  the  longer 
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wave  lengths  is  due  to  the  reabsorption  of  the  shorter  wave 
lengths  of  fluoresced  light. 

Summary 

A  simple  modification  of  the  Cenco  spectrophotometer  per¬ 
mits  the  measurement  of  reflection  and  fluorescence  spectra 
with  moderate  resolution.  The  arrangement  whereby 
fluorescence  is  observed  from  the  same  direction  as  the  excit¬ 
ing  light  is  superior  to  other  possible  arrangements,  in  that  the 
shape  of  the  curve  representing  the  spectral  distribution  of 


energy  and  the  position  of  the  maximum  are  independent  of 
concentration  of  the  fluorescing  substance. 
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Ultraviolet  Photometer  for  Analysis  of  Solutions 

IRVING  M.  KLOTZ,  Northwestern  University,  Evanston,  Ill. 


A  simple  and  inexpensive  ultraviolet 
photometer,  suitable  for  the  analysis  of 
solutions,  is  outlined  in  detail.  Results 
obtained  with  phenol,  sulfanilamide,  and 
potassium  nitrate  are  described,  and  appli¬ 
cations  to  other  substances,  particularly 
aromatic  compounds,  are  discussed. 


M' 


‘ANY  instruments  and  methods  of  analysis  based  on 
the  absorption  of  light  have  been  described  in  the 
.literature  of  the  past  few  years.  Photometric  procedures 
have  been  found  to  be  very  convenient,  particularly  in  rou¬ 
tine  testing  and  control,  because  of  their  sensitivity  and 
rapidity.  A  description  of  some  common  types  of  apparatus 
using  visible  light  has  been  given  recently  by  Muller  ( 6 ). 

Some  instruments  have  also  been  developed  to  utilize  the 
absorption  of  ultraviolet  light  to  measure  concentrations  in 
solutions.  Demarest  (2),  for  example,  has  described  a 
photometer  which  uses  light  of  about  3300  A.  for  the  analysis 
of  vitamin  A.  Similarly,  Buswell  and  Dunlop  (I),  using  a 
spectrograph  and  photographic  plate,  measured  the  concen¬ 
trations  of  aqueous  solutions  of  phenol  by  the  absorption  of 
radiation  of  approximately  2700  A. 

This  paper  describes  a  photoelectric 
photometer  which  may  be  used  in 
the  analysis  of  solutions  which 
absorb  light  of  2537  A.  The  con¬ 
struction  of  such  an  apparatus 
has  been  facilitated  recently  by 
the  development  of  inexpensive 
ultraviolet-sensitive  photocells  and 
high-silica,  ultraviolet-transmitting 
glass.  These  have  been  combined 
with  a  commercial  germicidal  lamp, 
a  convenient  source  of  2537  A. 
radiation,  to  yield  a  simple  in¬ 
strument  composed  of  readily 
available  materials. 

Instruments  similar  in  principle 
to  the  one  described  in  this  paper 
have  been  developed  by  Woodson 
(7)  and  by  Hanson  (4)  for  the 
determination  of  concentrations  of 
vapor  in  air. 


Design  and  Operation  of  Apparatus 

A  schematic  diagram  of  the  optical  and  electrical  system  is 
given  in  Figure  1. 

Light  Source.  A  General  Electric  T-10  germicidal  lamp  was 
used  in  the  manner  described  by  Hanson  (4).  After  a  prelimi¬ 
nary  warm-up  period  of  about  an  hour,  the  lamp  maintained  an 
intensity  of  radiation  constant  to  within  0.1  to  0.2  per  cent. 

Photoelectric  Detector.  An  RCA  C-7032  phototube 
served  as  the  light-sensitive  element.  The  photocurrents  were 
amplified  by  an  RCA  954  acorn  tube  used  in  the  manner  de¬ 
scribed  by  Gabus  and  Pool  (3),  but  in  a  somewhat  modified  cir¬ 
cuit  (5).  With  a  potentiometer  in  the  grid  circuit  and  a  gal¬ 
vanometer  in  the  plate  circuit,  the  amplifier  can  be  used  as  a 
sensitive  null  point  indicator,  and  difficulties  due  to  nonlinearity 
in  response  may  be  eliminated.  The  changes  in  the  plate  re¬ 
sistance  and  the  elimination  of  a  separate  battery  for  the  photo¬ 
cell  have  increased  the  stability  of  the  electrical  system. 

The  light  intensities  are  measured  by  the  following  procedure. 
With  the  shutter  closed  and  the  potentiometer,  P,  set  at  zero, 
the  plate  resistances  are  varied  until  the  galvanometer  shows  a 
null  reading.  One  of  the  absorption  cells  is  then  placed  in  the 
path  of  the  light  beam  and  the  shutter  is  opened.  The  potential 
drop  across  the  grid  leak  produced  by  the  flow  of  the  photocur¬ 
rent  through  the  high  resistance  is  counterbalanced  by  increas¬ 
ing  the  potential  imposed  by  the  potentiometer  until  the  plate 
meter  has  returned  to  its  original  reading.  The  reading  of  the 
potentiometer  is  then  directly  proportional  to  the  intensity  of  the 
fight  incident  on  the  phototube. 

For  a  precision  of  0.1  to  0.2  per  cent,  a  Leeds  &  Northrup 
student  potentiometer  may  be  used  to  measure  grid  potentials. 
For  less  precise  work  a  rheostat-potentiometer  is  suitable. 
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Figure  1.  Diagram  of  Ultraviolet  Photometer 
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Absorption  Cells.  The  body  of  the  cells  consisted  of  Pyrex 
tubiDg  with  suitable  side  arms  for  the  introduction  of  solution. 
The  windows,  however,  were  cut  from  Corning  No.  791  ultra¬ 
violet-transmitting  glass,  which  transmits  about  50  per  cent  of 
radiation  of  2500  A.  wave  length,  and  were  sealed  to  the  body  of 
the  cell  by  means  of  Sealstix  cement. 

The  absorption  cells  were  10.02  cm.  in  length. 

Calibration 

To  avoid  frequent  calibrations  with  mixtures  of  known 
composition,  the  author  used  the  exponential  relationship 
between  light  intensity  and  concentration 

log  I0/I  =  t  c  d  (1) 

where  70  =  intensity  of  light  leaving  pure  solvent 
I  =  intensity  of  light  leaving  solution 
e  =  extinction  coefficient 
c  =  concentration  of  solute 
d  =  length  of  absorption  cell 

The  transmission,  7/70,  was  determined  from  the  ratio  of 
the  potentiometer  readings  with  solution  and  solvent,  re¬ 
spectively,  in  the  path  of  the  light  beam.  With  d  and  c 
known,  one  can  calculate  e  very  readily. 

The  “effective”  extinction  coefficient  observed  with  the 
photometer  differed  somewhat  from  that  determined  with  a 
spectrophotometer  because  of  the  large  amount  of  stray  ra¬ 
diation  in  the  light  source  of  the  photometer.  With  sulfa¬ 
nilamide,  for  example,  the  “effective”  e  was  10,100  liter 
mole-1  cm.-1,  whereas  that  determined  with  monochromatic 
radiation  of  2537  A.  was  14,700.  Nevertheless,  this  discrep¬ 
ancy  has  no  significant  effect  on  the  order  of  magnitude  of  the 
sensitivity  obtained. 

The  presence  of  stray  light  was  also  exhibited  by  the  varia¬ 
tion  of  the  extinction  coefficient  with  concentration.  Since 
Beer’s  law  was  not  applicable,  it  was  necessary  to  construct  a 
calibration  chart  of  log  7o/7  vs.  concentration  for  each  sub¬ 
stance  of  interest. 


GRAMS  PER  LITER 

Figure  2.  Calibration  Curves 
A.  Phenol  B.  Sulfanilamide  C.  Potassium  nitrate 


Table  I.  Dependence  of  Sensitivity  on  Extinction 
Coefficient 

Minimum  Detectable 

Extinction  Coefficient  Concentration 

Liter  mole  -l  cm. -1  Mole  liter'1 


10,000 

1,000 

100 

10 

1 


3  X  10-8 
3  X  10-' 
3  X  10-8 
3  X  10-8 
3  X  10-« 


Applications 

Figure  2  shows  three  typical  calibration  curves  obtained 
with  the  ultraviolet  photometer. 

The  sensitivity  of  the  ultraviolet  photometer  toward  phenol 
is  probably  comparable  with  that  of  any  chemical  method, 
for  with  a  precision  of  0.2  per  cent  in  the  light  intensity  it  is 
possible  to  determine  changes  of  approximately  3  X  10-5  gram 
of  phenol  per  liter  of  water.  This  type  of  instrument  may  be 
very  useful,  therefore,  in  the  analysis  of  phenol  in  water. 

The  limit  of  detection  of  sulfanilamide  is  even  lower  than 
that  for  phenol  and  is  of  the  order  of  2  X  10 -6  gram  per  liter. 
A  direct  analysis  of  biological  fluids  is  not  possible,  however, 
because  of  the  presence  of  many  other  interfering  substances 
which  also  absorb  ultraviolet  light.  Nevertheless,  the  in¬ 
strument  will  be  very  useful  in  a  study  of  the  adsorption  and 
diffusion  of  sulfa  compounds  in  various  artificial  media. 

The  results  obtained  with  phenol  and  sulfanilamide  are 
typical  examples  of  the  sensitivity  one  may  expect  with  aro¬ 
matic  substances.  Ultraviolet  photometry  would  also  be 
applicable  to  the  analysis  of  organic  substances  such  as  ke¬ 
tones,  conjugated  hydrocarbons,  heterocyclic  compounds, 
and  other  ultraviolet-absorbing  substances  when  they  are 
dissolved  in  nonabsorbing  solvents. 


An  application  to  inorganic  analysis,  the  calibration  curve 
for  potassium  nitrate,  is  also  illustrated  in  Figure  2.  In  this 
case  the  sensitivity,  about  3  X  10 -3  gram  per  liter,  is  not  so 
high  as  that  obtained  with  aromatic  compounds,  but  the  in¬ 
strument  would  still  afford  a  very  rapid  and  convenient 
method  for  the  analysis  of  nitrates. 

These  examples  are  only  a  few  illustrations  of  the  applica¬ 
tions  of  this  photometer.  Many  other  involved  and  tedious 
chemical  analyses,  particularly  of  aromatic  substances,  can 
be  replaced  readily  by  ultraviolet  photometry.  To  determine 
the  sensitivity  toward  any  particular  substance,  it  is  merely 
necessary  to  estimate  the  extinction  coefficient  from  data 
usually  available  in  the  literature  and  to  apply  Equation  1 
to  calculate  the  minimum  detectable  concentration.  A  series 
of  such  estimates  has  been  summarized  in  Table  I  to  enable 
one  to  tell  at  a  glance  whether  the  desired  sensitivity  can 
be  attained  with  a  given  compound. 
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Determination  of  Specific  Gravity  of  Dry  Paint 

Pigments 

IRVIN  BAKER  and  GEORGE  MARTIN 
Chemical  Laboratory,  Norfolk  Navy  Yard,  Portsmouth,  Va. 


DIFFICULTY  has  been  experienced  in  getting  accurate, 
reproducible  results  in  determining  the  specific  gravity 
of  dry  paint  pigments  by  the  pycnometer  bottle  method 
when  using  oil,  water,  kerosene,  or  alcohol  as  a  wetting  me¬ 
dium  ( 1 ).  The  errors  encountered  were:  evaporation  of 
liquid  from  glass  joints  of  the  pycnometer  bottle,  incomplete 
removal  of  surface-adsorbed  air,  and  moisture  condensation 
on  the  exterior  of  the  pycnometer  bottle.  This  procedure  re¬ 
quires  a  very  long  treatment  under  vacuum,  presents  a  haz¬ 
ard  due  to  possible  collapse  of  the  desiccator  under  high 
vacuum,  and  is  too  complicated  for  routine  tests  for  specific 
gravity  of  paint  pigments. 


Table  I.  Specific  Gravity  of  Titanium  Dioxide  Pigments 


% 

Variation 

Variation 

Specific 

from 

from 

Sample 

Gravity 

Average 

Average 

1 

3.859 

+  0.007 

0.18 

3.849 

-0.003 

0.08 

3.850 

-0.002 

0.05 

3.851 

-0.001 

0.03 

3.850 

-0.002 

0.05 

3.856 

+  0.004 

0.10 

3.853 

+  0.001 

0.03 

Av. 

3.852 

0.003 

0.07 

2 

3.854 

+  0.001 

0.03 

3.854 

+0.001 

0.03 

3.851 

-0.002 

0.05 

3.852 

-0.001 

0.03 

3.853 

0.00 

0.00 

Av. 

3.853 

0.001 

0.03 

3 

3.851 

-0.003 

0.08 

3.856 

+  0.002 

0.05 

3.853 

-0.001 

0.03 

3.858 

+0.004 

0.10 

Av. 

3.854 

0.0025 

0.06 

A  rapid,  accurate,  reproducible  method  for  the  determina¬ 
tion  of  specific  gravity  of  such  materials  is  presented  here. 
Using  heat  and  a  high-speed  centrifuge,  pigments  may  be 
deaerated  and  wetted  and  their  specific  gravities  determined 
rapidly  with  a  minimum  of  equipment  and  skill,  and  with  an 
accuracy  of  5  parts  per  thousand. 

Procedure 

Fill  a  600-ml.  Berzelius  beaker  with  kerosene  oil.  Prepare  a 
suitable  specific  gravity  tube  by  reducing  a  test  tube  3.5  cm.  in 
diameter  to  a  length  of  7  cm.  At  opposite  sides  of  the  tube  and 
close  to  the  top,  punch  two  small  holes  through  which  a  fine  plati¬ 
num  or  steel  wire  can  be  attached  to  act  as  a  handle,  so  that  the 
tube  may  be  suspended  from  the  hook  above  the  analytical 
balance  pan.  Prepare  a  small  glass  stirring  rod,  slightly  longer 
than  the  tube.  Wash  the  tube  and  stirrer  with  cleaning  solution 
followed  by  an  alcohol  wash,  heat,  and  cool  in  a  desiccator  to  re¬ 
move  moisture.  Insert  the  stirrer  in  the  tube,  place  in  the  600-ml. 
beaker  of  kerosene,  and  bring  the  entire  contents  to  25°  C.  in  a 
thermostat-controlled  water  bath.  Wipe  the  kerosene  from  the 
suspending  wire,  support  the  beaker  over  the  balance  pan,  and 
weigh  the  tube  and  stirrer  completely  submerged  in  kerosene  at 
25°  C.,  after  making  certain  that  the  temperature  inside  the  test 
tube  has  had  sufficient  time  to  come  to  equilibrium  with  the  sur¬ 
rounding  temperature. 

Remove  the  tube  from  the  kerosene  bath  and  weigh  into  it, 
by  difference,  from  1.5  to  25  grams  of  the  paint  pigment,  de¬ 
pending  on  the  specific  gravity  of  the  pigment,  the  pigment  being 


previously  dried  at  105°  C.  for  2  hours.  For  pigments  of  low 
specific  gravities,  such  as  blacks  and  blues,  weigh  about  1.5 
grams;  for  opaque  white  pigments,  about  12  grams;  for  red 
lead,  about  25  grams.  Add  sufficient  kerosene  to  the  pigment 
to  wet  it  entirely  and  leave  about  0.6  cm.  (0.25  inch)  of  clear 
liquid  above  the  pigment.  Place  the  tube  containing  the  pig¬ 
ment  and  stirrer  in  another  beaker  of  kerosene  and  heat  for  0.5 
hour  on  a  hot  plate  at  a  temperature  of  65°  to  70°  C.  with 
frequent  stirring  to  remove  air  and  other  occluded  matter  and  en¬ 
tirely  wet  the  pigment.  (This  produces  a  small  change  in  the 
specific  gravity  of  kerosene  and  a  negligible  change  in  the  final 
weight  of  the  pigment  in  kerosene.) 

Remove  the  tube  from  the  kerosene  bath,  fill  with  kerosene 
to  about  0.6  cm.  (0.25  inch)  from  the  top,  and  centrifuge  at  about 
2000  r.  p.  m.  for  0.5  hour.  Remove  the  tube  and  carefully  fill  with 
kerosene.  Place  the  tube  and  its  contents  again  in  the  original 
600-ml.  beaker  and  place  in  the  water  bath  at  25°  C.  When  the 
temperature  of  the  entire  contents,  inside  and  surrounding  the 
tube,  is  25°  C.,  weigh  the  tube  as  before.  The  increase  in  weight 
represents  the  weight  of  the  pigment  in  kerosene.  The  difference 
between  the  weight  of  the  pigment  in  air  and  the  weight  in  kero¬ 
sene  represents  the  weight  of  kerosene  displaced.  Accurately 
determine  the  specific  gravity  of  the  kerosene  at  25°  C.  (It  is 
not  necessary  to  determine  the  specific  gravity  of  kerosene  after 
testing  each  of  several  pigments.)  The  specific  gravity  of  the 
pigment  is  calculated  from  the  formula: 

Specific  gravity  of  pigment  = 

_ weight  of  pigment  in  air _ 

weight  of  pigment  in  air-weight  of  pigment  in  kerosene  ^ 

sp.  gr.  of  kerosene 


Table  II. 

Specific  Gravity  of  Titanium-Calcium  Pigment 

Variation 

7° 

Variation 

Sample 

Specific 

from 

from 

Gravity 

Average 

Average 

1 

3.197 

-0.002 

0.07 

3.201 

+  0.002 

0.07 

Av. 

3.199 

0.002 

0.07 

2 

3.207 

+  0.0005 

0.02 

3.206 

-0.0005 

0.02 

Av. 

3.2065 

0.0005 

0.02 

Discussion 

The  method  outlined  is  direct  and  easily  performed,  and 
involves  no  detailed,  difficult  procedures.  The  errors  of  the 
pycnometer  method  have  been  eliminated  since  evaporation 
or  moisture  condensation  is  prevented  by  the  fact  that  the 
apparatus  is  weighed  both  times  submerged  in  the  same  liq¬ 
uid  at  the  same  temperature.  Air  and  other  occluded  gases 
are  removed  more  thoroughly  by  the  double  process  of  heat¬ 
ing  and  centrifuging  than  by  the  single  process  of  vacuum 
treatment.  The  accuracy  of  the  results,  as  noted  in  Tables  I 
and  II,  is  5  parts  per  thousand  or  better. 
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Laboratory  Deodorizer  for  Fats  and  Oils 

A.  E.  BAILEY  AND  R.  O.  FEUGE 

Southern  Regional  Research  Laboratory,  Bureau  of  Agricultural  Chemistry  and  Engineering,  New  Orleans,  La. 


STEAM  deodorization  is  one  of  the  fundamental  proc¬ 
esses  in  edible  oil  and  fat  technology  and  is  practiced 
commercially  on  a  very  wide  scale.  It  is,  however,  a  rela¬ 
tively  troublesome  operation  to  conduct  in  the  laboratory. 

The  operation  involves  blowing  a  heated  batch  of  oil  with 
steam  under  reduced  pressure.  Because  the  pressure  re¬ 
quired  for  the  best  operation  is  somewhat  below  the  vapor 
pressure  of  water  at  ordinary  temperatures,  it  is  somewhat 
difficult  to  maintain  vacuum  upon  the  system.  Multiple- 
stage  steam  ejectors  such  as  are  used  commercially  are  not 
practicable  for  laboratory  use.  Mechanical  oil-sealed  vac¬ 
uum  pumps  are  not  generally  used  because  of  the  difficulties 
involved  in  completely  condensing  and  trapping  relatively 
large  amounts  of  water  vapor.  Water  ejectors  operating  on 
ice  water  or  cooled  brine  are  effective,  but  considerable 
auxiliary  equipment  is  required  for  the  constant  delivery  of 
large  quantities  of  a  cold  liquid  at  high  pressure. 


During  the  deodorizing  operation,  steam  must  be  delivered 
to  the  apparatus  at  a  constant  and  easily  controllable  rate. 
The  generation  and  delivery  of  the  steam  also  present  some 
difficulty  and  require  the  use  of  a  steam  generator  of  special 
and  usually  rather  elaborate  design. 

The  laboratory  deodorizer  described  here  is  greatly  simpli¬ 
fied,  in  comparison  with  the  conventional  apparatus.  It 
should  be  of  particular  interest  to  oil  and  fat  laboratories 
which  have  only  limited  or  occasional  use  for  such  equipment, 
and  consequently  have  hesitated  to  devote  space  and  funds 
to  the  usual  deodorization  setup.  The  entire  apparatus, 
including  the  steam  generator,  is  made  of  Pyrex,  and  may  be 
fabricated  by  a  glassblower  of  average  ability.  Vacuum  for 
the  apparatus  is  supplied  by  an  ordinary  rotary  oil-sealed 
pump. 

The  distinctive  feature  of  the  apparatus,  and  the  one 
which  makes  possible  its  simple  design,  is  the  relatively  high 


Figure  1.  Diagram  of  Apparatus 
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vacuum  under  which  it  operates — namely,  about  1  mm.  of 
mercury,  instead  of  the  usual  5  to  10  mm.  under  which  most 
installations  operate.  Since  steam  requirements  in  deodori- 
zation  are  directly  proportional  to  the  total  pressure  (1),  the 
amount  of  steam  which  must  be  generated  and  condensed  is 
extremely  small.  This  condition  permits  the  use  of  a  steam 
generator  of  novel  design,  and  makes  it  feasible  to  condense 
all  vapors  in  simple  dry  ice  traps. 

All  volatile  substances  removed  from  the  oil  are  quantita¬ 
tively  recovered  in  the  condensers.  The  apparatus  is  useful 
for  certain  high-vacuum  steam-distillation  work  other  than 
deodorization  and  has  been  successfully  used  to  reduce  the 
free  fatty  acid  content  of  crude  vegetable  oils,  to  strip  out 
unreacted  glycerol  or  free  fatty  acids  after  re-esterification 
reactions,  and  to  separate  degradation  products  from  heat- 
treated  oils. 

The  apparatus  is  illustrated  in  Figure  1.  It  is  composed 
entirely  of  small  Pyrex  emits  equipped  with  standard  ground- 
glass  joints  which  permit  the  use  of  duplicate  units  in  the  original 
assembly.  Spherical  joints  at  certain  points  lend  flexibility  and 
make  the  apparatus  easy  to  assemble.  The  ground  joints  may 
be  lubricated  with  the  oil  or  fat  which  is  to  be  deodorized. 

The  steam  generator,  G,  consists  of  two  bulbs  connected  by 
capillary-  tubing.  One  bulb  serves  as  a  water  reservoir.  The 
other  bulb  is  partially  filled  with  asbestos,  the  top  layer  of  which 
is  covered  with  a  film  of  carbon  black,  to  enhance  the  absorption 
of  heat.  The  carbon  coating  is  conveniently  applied  to  the  as¬ 
bestos  by  suspending  a  quantity  of  carbon  in  water  and  dropping 
the  suspension  on  the  asbestos  surface  from  a  pipet,  while  main¬ 
taining  suction  on  the  opposite  end  of  the  system.  The  rate  at 
which  water  is  admitted  from  the  reservoir  and  at  which  steam  is 
generated  is  easily  controlled  by  the  grooved  stopcock  between 
the  two  bulbs.  Heat  necessary  to  generate  the  steam  by  evapora¬ 
tion  from  the  surface  of  the  asbestos  is  supplied  by  a  250-watt 
infrared  lamp,  H.  For  critical  work  the  water  in  the  reservoir 
may  be  boiled  to  remove  dissolved  oxygen  and  then  kept  in  an 
oxygen-free  atmosphere  by  means  of  a  hydrogen-  or  nitrogen- 
filled  expansion  bulb  connected  to  the  reservoir  outlet.  The 
steam  delivery  tube,  D,  is  provided  with  a  fritted-glass  tip  to 
distribute  the  steam  flow. 

The  flask,  F,  which  contains  the  oil  to  be  deodorized,  is  fabri¬ 
cated  from  a  Claisen-ty-pe  distilling  flask,  and  may  be  of  any- 
desired  capacity  within  the  range  of  about  1  to  3  liters.  The 
flask  is  preferably-  heated  by  means  of  an  oil  bath,  B,  with  the 


thermometer,  T,  indicating  the  temperature  of  the  bath.  A  good 
deodorization  rate  is  attained  at  temperatures  of  425  °  to  475  0  F. 
(218°  to  246°  C.).  If  the  apparatus  is  to  be  used  for  any  pur¬ 
pose  where  it  is  important  to  know  the  exact  temperature  of  the 
contents  of  the  flask,  a  thermometer  or  thermocouple  well  should 
be  inserted  through  a  ground-glass  joint  directly  into  the  body 
of  the  flask. 

The  spray  trap,  A,  may  be  insulated  or  provided  with  an  elec¬ 
trical  resistance  heater  to  prevent  excessive  reflux  when  stripping 
large  quantities  of  fatty  acids  or  other  volatile  constituents  from 
the  oil. 

Pressure  on  the  system  is  indicated  by  the  manometer,  M, 
which  is  connected  to  the  spray  trap  by  means  of  heavy  rubber 
tubing.  It  is  essential  that  all  vapor  passages  be  made  large,  as 
indicated  in  Figure  1,  to  avoid  an  appreciable  pressure  gradient 
through  the  apparatus. 

Condensers  C  and  C'  are  cooled  with  a  dry  ice-acetone  mixture 
or  with  powdered  dry  ice.  Single-hole  rubber  stoppers  serve 
to  keep  warm  air  away  from  the  interior  of  the  condensers  and 
permit  the  escape  of  gaseous  carbon  dioxide. 

A  single  charge  of  dry  ice  will  generally  suffice  for  a  deodoriza¬ 
tion.  The  dry  ice  is  well  insulated  from  the  warm  air  of  the  room 
by  the  evacuated  space  surrounding  the  inner  shell  of  each  con¬ 
denser.  It  will  be  found  that  practically  all  vapors  from  the 
flask  will  be  retained  in  the  first  condenser.  The  second  con¬ 
denser  functions  largely  as  a  safety  device,  to  protect  the  pump 
in  the  case  of  accidental  failure  of  the  first  condenser. 

The  proper  sequence  of  operations  in  starting  the  deodorization 
operation  is  more  or  less  obvious.  After  the  apparatus  is  charged 
with  oil,  water,  and  dry  ice,  the  vacuum  pump  is  started,  the 
heating  lamp  is  turned  on,  the  stopcock  of  the  steam  generator 
is  gradually  opened  until  the  desired  rate  of  steam  generation  is 
attained,  and  the  oil  bath  is  then  heated  to  the  operating  tem¬ 
perature. 

After  deodorization  is  completed  (usually  30  to  60  minutes), 
the  hot  oil  bath  is  removed.  The  flask  is  then  cooled  by  cold  oil, 
a  current  of  cool  air,  or  other  means,  until  the  deodorized  oil 
has  reached  a  temperature  of  100°  to  150°  F.  (38°  to  66°  C.). 
The  stopcocks  leading  to  the  manometer  and  the  water  reservoir 
are  then  closed,  the  manometer  is  disconnected,  the  vacuum  pump 
is  stopped,  and  vacuum  on  the  system  is  broken  by  cautiously  and 
simultaneously  opening  the  stopcocks  leading  to  A  and  D.  This 
procedure  avoids  drawing  oil  back  into  the  steam  generator  or 
blowing  excessive  quantities  of  air  through  the  deodorized  oil. 
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Mayonnaise  and  Salad  Dressing  Yolk  Content 

FRANK  J.  CAHN  AND  ALBERT  K.  EPSTEIN,  The  Emulsol  Corporation,  Chicago,  Ill. 


THE  circulation  in  commerce  of  liquid  and  frozen  egg 
yolk  products  varying  in  egg  yolk  solids  content,  and, 
more  particularly,  the  recent  promulgation  of  a  definition 
and  standard  of  identity  for  “egg  yolk”  by  the  Food  and 
Drug  Administration  ( 2 ),  call  for  a  reconsideration  of  the 
analysis  for  “egg  yolk”  of  such  food  products  as  mayonnaise 
and  salad  dressing. 

The  Association  of  Official  Agricultural  Chemists  (I)  gives 
an  equation  which  expresses  the  per  cent  of  yolk  in  the 
sample  as  a  function  of  the  per  cent  of  nitrogen  and  the  per 
cent  of  phosphorus  pentoxide. 

%  yolk  =  75.69  P  -  1.802  N  (1) 

when  P  equals  per  cent  of  total  phosphorus  pentoxide  and 
N  equals  per  cent  of  total  nitrogen.  The  per  cent  of  egg  yolk 
calculated  from  this  equation  is  in  terms  of  egg  yolk  having 
a  total  solids  content  of  50.5  per  cent.  Such  a  yolk  can  be 
prepared  in  the  laboratory  only  and  has  been  called  “theoret¬ 
ical”  yolk.  Commercially  produced  egg  yolk  material  con¬ 
tains  various  proportions  of  adhering  egg  white  and  has, 
therefore,  a  total  solids  content  substantially  below  50.5 


per  cent.  The  equation  and  other  directions  of  the  As¬ 
sociation  of  Official  Agricultural  Chemists  (I)  do  not  give 
sufficient  data  to  enable  one  to  express  the  analytical  results 
in  terms  of  commercial  yolk,  and  do  not  indicate  that  the 
percentage  of  yolk  content  calculated  by  the  equation  is  the 
percentage  of  yolk  of  50.5  per  cent  solids  content. 

How  much  egg  white  is  admixed  with  the  50.5  per  cent 
yolk  in  a  commercial  yolk  depends  on  the  definition  of  the 
commercial  yolk;  as  defined  by  the  provisions  and  regula¬ 
tions  of  the  Federal  Food,  Drug  and  Cosmetic  Act  of  1938 
(2),  commercial  yolk  contains  43  per  cent  total  solids.  This 
43  per  cent  commercial  yolk  can  be  considered  to  be  a  mix¬ 
ture  of  80.42  parts  of  yolk  of  50.5  per  cent  solids  content  and 
19.58  parts  of  white  of  12.2  per  cent  solids  content. 

In  this  discussion,  as  well  as  in  the  publications  of  the 
Association  of  Official  Agricultural  Chemists,  it  is  assumed 
that  all  nitrogen  and  phosphorus  pentoxide  determined  by 
an  analysis  of  the  mayonnaise  or  salad  dressing  are  derived 
from  egg  yolk  and  egg  white  only  (3). 

Because  of  the  need  for  determining  the  content  of  com¬ 
mercial  yolk  in  salad  dressing  or  other  food  products,  the 
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following  equations  are  presented.  The  numerical  basis 
of  the  equations  is  the  following  analytical  data  taken  from 
a  paper  by  Mitchell  (4) : 


In  theoretical  yolk 

(50.5%  solids  content) 
In  egg  white  (12.2%  solids 
content) 


Total  N 

Total  P2OS 

% 

% 

2.61 

1.38 

1.72 

0.04 

The  same  analytical  fundamental  data  are  the  bases  for 
the  equations  of  the  Association  of  Official  Agricultural 
Chemists  ( 1 ). 

The  equation  which  expresses  the  analytical  results  as 
per  cent  of  egg  yolk  of  43  per  cent  solids  in  the  sample  is 

%  yolk  (43)  =  94.26  P  -  2.192  N  (2) 

when  P  is  the  per  cent  of  phosphorus  pentoxide  and  N  the 
per  cent  of  nitrogen  present  in  the  sample.  The  per  cent  of 
egg  white  of  12.2  per  cent  solid  content  present  in  the  sample 
outside  of  the  egg  white  present  in  the  commercial  yolk  of 
43  per  cent  solid  content  is 

%  white  =  61.24  N  -  133.48  P 


when  P  is  the  per  cent  of  phosphorus  pentoxide  and  N  the 
per  cent  of  nitrogen  present  in  the  sample. 

The  equation  which  gives  the  per  cent  of  commercial  yolk 
of  any  (g  per  cent)  solids  content  in  the  sample  is 


%  yolk  („)  = 


2899  P 
g  ~  12.2 


69  N 
g  -  12.2 


(3) 


The  relation  of  this  equation  to  the  equation  for  50.5  per 
cent  yolk  content 


%  yolk  (so.t)  =  75.69  P  -  1.802  N  (4) 


can  be  seen  by  writing  Equation  3  as  follows : 

%  yolk  w  =  (75.69  P  -  1.802  N)  ^S^2  (5) 
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Ground  Glass  for  Spot  Testing  in  Solvent  Extractions 

AUGUST  EDELER 

Chemical  Division,  The  Procter  &  Gamble  Company,  Ivorvdale,  Ohio 


ABOUT  five  or  six  years  ago  the  writer  noted  the  ease 
l_  with  which  a  ground-glass  plate,  such  as  is  used  in 
photography,  becomes  soiled  in  handling.  Application  of 
this  observation  led  to  a  simple  spot  test  for  determining  the 
completeness  of  extraction  of  fatty  oils,  or  other  nonvolatile 
liquids,  with  volatile  solvents. 

The  test  depends  on  the  transparency  which  an  oil  or  other 
nonvolatile  liquid  produces  on  ground  glass,  and  is  analogous 
to  the  familiar  transparency  which  an  oil  produces  in  paper. 
The  most  plausible  explanation  is,  briefly,  that  the  oil  film, 
by  its  refractive  power,  suppresses  both  the  reflection  of  the 
incident  light  rays  and  the  spreading  of  the  emergent  refracted 
rays,  causing  the  latter  to  assume  more  nearly  parallel  courses, 
such  as  would  have  occurred  had  they  passed  through  plate 
glass  with  polished  surfaces.  This  hypothesis  predicts 
maximum  transparency  when  the  liquid  and  glass  have  the 
same  refractive  index,  a  condition  which  is  approached  in 
the  case  of  most  fatty  oils  and  ordinary  ground  glass  of  the 
grade  commonly  used  for  photographic  focusing. 

Procedure.  Drops  of  the  solution  under  test  and  of  the 
solvent  are  placed  on  a  clean  ground-glass  surface  and  allowed  to 
evaporate.  Depending  on  the  amount  of  solute  present,  the 
transparencies  formed  vary  from  that  of  the  clean  plate  with  the 
pure  solvent  to  a  disk  of  clear  transparency  of  about  the  same 
area  as  that  of  the  spot  before  evaporation.  Between  these  ex¬ 
tremes  lies  a  wide  variety  of  intensities,  and  at  low  concentra¬ 
tions  of  solute  one  or  more  circular  lines  of  approximately  hair¬ 
line  thickness  are  formed.  The  residue  can  also  be  viewed 
against  a  dark  background,  when  it  will  appear  dark  instead  of  as 
a  clear  transparency.  When  the  solvent  is  impure,  the  blank 
test  may  show  a  slight  hairline  transparency  of  varying  intensity, 
depending  on  the  impurity  in  the  solvent,  and  this  should  be  taken 
into  consideration  when  making  a  spot  test  on  an  extraction. 

Sensitivity 

As  described,  the  limit  of  sensitivity  of  the  test  is  about  one 
part  of  solute  in  20,000  parts  of  solvent  (0.005  per  cent). 
Greater  sensitivity  can  be  obtained  by  allowing  two  or  more 


drops  of  solution  to  evaporate  on  the  same  spot,  or  by  dusting 
the  spots  with  a  dark  powder,  such  as  a  fine  carbon  bleach, 
and  shaking  off  the  excess.  This  procedure  brings  out  the 
residual  solute  in  sharp  relief,  as  in  fingerprint  detection.  A 
magnifying  glass  frequently  can  be  used  to  advantage,  but 
for  most  purposes  it  will  suffice  to  examine,  with  the  unaided 
eye,  the  transparency  produced  by  a  single  drop  of  solution. 

Applicability 

Though  originally  devised  for,  and  used  on,  solutions  of 
fatty  oils  in  petroleum  ether,  ethyl  ether,  etc.,  this  test  may 
be  applied  to  most  solutions  of  nonvolatile  liquids  in  volatile 
solvents,  such  as  glycerol  and  sulfuric  acid  in  water  solution. 
In  these  cases  the  test  is  not  quite  so  rapid  as  in  the  case  of 
the  more  volatile  solvents,  and  may  be  hastened  by  the 
gentle  application  of  heat  in  the  early  stages  of  the  evapora¬ 
tion.  Much  care  must  be  taken,  however,  near  the  end  of 
the  evaporation  to  avoid  loss  of  glycerol  or  sulfuric  acid, 
both  of  which  are  somewhat  volatile  at  relatively  moderate 
temperatures. 

This  test  should  be  found  useful  in  gaging  the  extraction 
of  oils  and  fats,  glycerol,  and  other  substances.  A  typical 
application  is  its  use  as  an  index  to  completeness  of  ex¬ 
traction  with  petroleum  ether  in  the  determination  of  un- 
saponifiable  matter. 

Precautions 

The  solution  tested  must  be  free  from  nonvolatile  material 
other  than  that  which  is  to  be  detected  or  estimated,  re¬ 
gardless  of  whether  such  extraneous  nonvolatile  matter 
produces  a  transparency  or  an  opacity.  Salts  and  similar 
solids  produce  opacities,  and  if  present  in  sufficient  quantity, 
obscure  the  test.  Fortunately,  such  substances  are  rarely 
extracted  by  the  usual  solvents  employed  in  the  extraction 
of  fats  and  oils. 


A  Mercury-Balance  Pressure  Regulator 

A.  J.  BAILEY,  University  of  Washington,  Seattle,  Wash. 


OF  THE  numerous  pressure  regulator  designs  reported, 
the  large  majority  involve  elaborate  and  costly  ap¬ 
paratus  which  permits  neither  rapid  assembly  and  easy 
adjustment  nor  portability  and  application  to  different 
operations  involving  reduced  pressure. 

Broadly,  pressure  regulators  can  be  classified  as  inter¬ 
mittent  or  continuous  in  operation.  Most  of  the  elaborate 
electrical  assemblies  maintain  the  pressure  at  an  average 
value  by  intermittent  pumping,  or  intermittent  leaking  with 
constant  pumping.  Basically,  all  these  intermittent  devices 
would  appear  to  produce  pressures  which  oscillate  above 
and  below  the  average  value,  the  degree  of  oscillation  depend¬ 
ing  upon  the  ballasting  effect  of  the  entire  system  and  the 
sensitivity  of  the  compensating  device.  Continuous  regu¬ 
lators,  on  the  other  hand,  adjust  the  amount  of  leakage  so 
that  the  sum  of  gas  from  the  vacuum  system  plus  the  con¬ 
trolled  leakage  equals  the  capacity  of  the  pump.  The 
precision  of  pressure  regulation  then  depends  on  the  precision 
of  the  proportioning  valve— i.  e.,  the  sensitivity  of  the  regu¬ 
lator— which  is  a  compound  factor  determined  by  the  smallest 
change  which  causes  compensation,  the  rapidity  of  com¬ 
pensation,  and  the  magnification  of  the  compensation. 
Ideally,  a  continuous  regulator  should  react  swiftly  and  to  an 
exaggerated  degree  to  a  minute  departure  from  established 
pressure. 

The  designs  involving  direct  control  of  leakage  by  mercury 
balance  appeared  to  offer  a  precise  method  of  obtaining 
continuous  regulation  with  all  three  of  these  characteristics. 
The  precise  types  devised  by  Schierholtz  U)  and  Thelin  ( 6 ) 
used  the  translation  of  mercury  in  a  manometer  to  actuate 
a  lever  which  controlled  the  magnitude  of  the  leak.  The 
mercury  control  of  Emerson  (3)  employed  mercury  entrained 
in  the  stream  of  leakage  to  obtain  the  final  degree  of  throttling. 
The  designs  of  Swayze  ( 5 )  and  Watts,  Riddick,  and  Shea  (7) 
are  examples  of  intermittent  operation  of  pump  and  leak, 
respectively.  The  apparatus  of  Caldwell  and  Barham  (2) 
employed  a  glass  valve  operated  directly  by  the  mercury 
in  a  manometer.  Numerous  other  devices,  including  many 
of  considerable  complexity,  have  been  reported. 

Apparatus 

Apparatus  patterned  originally  after  those  of  Schierholtz 
and  Thelin  was  improved  through  four  successive  models. 
The  use  of  a  mercury  column  to  balance  the  excess  pumpage 
by  leakage  was  found  to  be  precise,  rapidly  responsive  to 
disturbance  of  equilibrium,  and  capable  of  indefinite  mag¬ 
nification  of  compensation. 

Two  modifications  of  the  final  device  are  presented  here. 
They  employ  the  same  principle  as  those  of  Schierholtz  and 
Thelin,  but  have  the  mechanical  beam  eliminated  and 
incorporated  in  the  manometer;  one  has  a  loop  type  of 
manometer  which  permits  wide  range  and  easy  adjustment. 
Both  require  only  elementary  glassblowing  technique  to 
construct.  The  construction  is  shown  in  Figures  1  and  2. 

Three  sizes  of  tubing  were  used:  1-mm.  capillary,  8  mm.  in 
outside  diameter,  and  19  mm.  in  outside  diameter,  as  indicated 
n  \  25d  C\  respectively,  in  Figures  1  and  2  (lettered  iden- 

ticaijy).  the  glass  manometer  was  supported  in  two  places: 
by  the  spring,  D,  and  the  pivot,  E.  The  spring  contained  90 
turns  ot  26-gage  piano  wire  coiled  on  a  4-mm.  rod  and  was  con¬ 
nected  by  a  swivel,  F ,  to  the  thumbscrew,  G,  which  adjusted  the 
tension  m  the  spring.  Pivot  E  was  a  glass  tube  at  right  angles 
.11.  maLnf'mei,:er'  which  served  both  as  the  vacuum  connection 
and  the  shaft  about  which  the  manometer  rotated.  The  thumb¬ 


screw  and  pivot  were  supported  by  the  cold-rolled  iron  rod,  H, 
which  was  attached  to  a  ring  stand  by  a  right-angle  clamp.  To 
this  rod  was  attached  a  rubber  stopper,  I,  which  served  as  the 
valve  seat.  The  stopper  was  preboiled  in  dilute  alkali  and  the 
glass  seat  was  ground  flat  with  a  fine  pocket  whetstone. 

Operation 

The  regulator  in  Figure  1  was  operated  by  connecting  to  the 
vacuum  system  with  the  spring  relaxed.  When  evacuated  to  the 
proper  degree,  the  spring  was  tightened  until  the  valve  barely 
opened.  While  the  actual  opening  was  not  usually  easily  visible, 
the  effect  was  noted  on  a  separate  manometer.  Once  adjusted,  a 
decrease  in  pressure  in  the  system  caused  the  mercury  in  the 
manometer  to  flow  into  the  reservoir,  unweighting  the  manom¬ 
eter-beam  and  opening  the  valve.  An  increase  in  pressure  caused 
opposite  effects. 


Centimeters 


Figure  1.  Pressure  Regulator  with  Closed  Mer¬ 
cury  Manometer 


The  regulator  in  Figure  2  was  similar  in  operation,  except  that 
the  stopcock  was  left  in  the  open  position  while  the  proper  degree 
of  vacuum  was  established  roughly  by  adjusting  the  spring  ten- 
si0.11-  The  stopcock  was  closed  and  the  final  adjustment  made  by 
adjusting  the  spring  tension.  A  decrease  in  pressure  then  caused 
the  mercury  to  flow  out  of  the  closed  end  of  the  manometer, 
unweighting  the  manometer-beam  and  allowing  the  spring  ten¬ 
sion  to  open  the  valve. 

Precision  of  Regulation 

The  precision  obtained  with  the  regulator  shown  in  Figure 
1  was  about  0.1  mm.  of  mercury;  that  of  the  type  in  Figure  2 
was  not  readable  with  the  naked  eye.  Many  factors  in¬ 
fluence  precision.  The  precision  obtained  with  these  regu¬ 
lators  was  the  algebraic  sum  of  these  variables  under  given 
conditions  and  was  by  no  means  the  ultimate  precision  of 
which  the  device  was  capable. 

Spring  tension  affected  sensitivity  greatly.  A  spring 
having  a  small  load-deflection  ratio  was  more  sensitive  than 
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Figure  2.  Pressure  Regulator  with  Loop  Type  of  Manometer 


a  stiffer  spring.  The  diameter  of  the  tubing  in  the  closed 
limb  of  the  manometer  controlled  the  weight  of  mercury 
shifted  for  a  given  pressure  change,  hence  larger  tubing  in 
the  closed  limb  of  the  manometer  greatly  increased  sensitivity; 
because  of  location  the  size  of  the  open  limb  was  unimportant. 
A  bubble  of  air  was  always  trapped  in  the  closed  end  of  the 
manometer  in  the  Figure  2  type  of  regulator;  a  larger  bubble 
resulted  in  increased  sensitivity.  A  bubble  trapped  above 
the  mercury  in  the  Figure  1  type  of  regulator  increased  the 
sensitivity  and  increased  the  pressure  range  over  which  the 
device  was  operative.  While  the  pivot  bearing  on  these 
regulators  was  the  glass  tube,  better  practice  would  be  to 
sheath  this  tube  with  a  machined,  split  metal  bushing,  since 
glass  tubing  is  rarely  round  and  is  apt  to  stick  in  the  bearing. 
It  would  likewise  be  better  practice  to  connect  to  the  vacuum 
connection,  E,  with  a  loop  of  thin-walled  rubber  tubing,  pre¬ 
vented  from  collapsing  by  Raschig  rings  inserted  at  intervals, 
and  with  the  other  end  of  the  loop  fastened  permanently  to 
the  support  bar,  H,  so  that  torque  on  the  regulator  by  chang¬ 
ing  the  position  of  the  suction  tubing  would  not  change 
the  adjustment  of  the  regulator. 

Both  regulators  were  independent  of  variations  in  at¬ 
mospheric  pressure.  Adjustment  to  a  predetermined  pres¬ 


sure  by  means  of  the  thumbscrew,  G, 
having  32  threads  per  inch,  was  easily 
effected.  Both  regulators  controlled  pres¬ 
sure  with  uniform  facility  over  the  entire 
pressure  range.  Both  regulators  were  sus¬ 
ceptible  to  “bouncing”  under  certain  con¬ 
ditions — i.  e.,  an  oscillation  of  the  mercury 
column  and  concomitant  movement  of  the 
manometer-beam,  causing  intermittent  ad¬ 
mission  of  air.  It  was  found  to  be  due  to 
parallelism  of  valve  seat  and  face,  and  was 
eliminated  by  an  imperceptible  bending  of 
the  valve  seat  support,  so  that  valve  seat 
and  face  were  not  quite  parallel  and  hence 
the  valve  could  not  close  completely.  The 
bouncing  apparently  was  due  to  complete 
closure  of  the  valve.  In  order  to  open 
the  valve,  pushing  against  atmospheric 
pressure  required  overcompensation  of  the 
mercury-balance,  and  then  rapid  overcom¬ 
pensation  in  the  opposite  direction  resulted 
owing  to  the  sensitivity  of  the  device,  again 
causing  sealing  of  the  valve .  This  bouncing 
phenomenon  has  been  noted  in  other 
regulating  devices  ( 1 )  using  a  mercury  column  and  is  due  to 
similar  causes. 

Generally  speaking,  the  Figure  2  type  of  regulator  was 
more  flexible  and  sensitive,  but  no  stopcock  under  vacuum 
can  be  considered  completely  dependable  under  long  periods 
of  operation.  Either  regulator  may  be  made  capable  of 
increased  sensitivity  by  increasing  the  diameter  of  the 
tubing  in  the  closed  manometer  limb,  lengthening  the  beam, 
using  a  more  elastic  spring,  or  trapping  a  larger  volume  of 
air  in  the  closed  end  of  the  manometer.  Where  great  sen¬ 
sitivity  is  not  required,  a  rubber  cushion  can  be  used  to  re¬ 
place  the  spring  suspension,  but  all  attempts  to  use  rubber 
have  necessitated  continual  adjustment,  owing  to  the  fatigue 
of  the  rubber  cushion. 
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Electrolytic  Preparation  of  Quinhydrone 

ROBERT  E.  ELY1,  Schenley  Distilleries,  Inc.,  San  Francisco,  Calif. 


AN  ELECTROLYTE  used  extensively  in  pH  measurements 
is  quinhydrone,  which  consists  of  bright  platinum  im¬ 
mersed  in  a  saturated  solution  of  quinhydrone.  In  view  of  the 
fact  that  quinhydrone  is  an  equimolecular  compound  of  hy- 
droquinone  and  quinone,  it  was  thought  possible  that 
hydroquinone,  a  relatively  cheap  product  used  in  photog¬ 
raphy,  might  be  oxidized  to  quinone  by  the  use  of  an  electric 
current.  The  resulting  product  would  be  free  of  foreign 
materials. 

The  apparatus  consists  of  an  outer  cup  of  nonporous  material 
20  cm.  (8  inches)  high  and  20  cm.  (8  inches)  in  diameter  and  an 


inner  cup  of  porous  material  17.5  cm.  (7  inches)  high  and  7.5  cm. 
(3  inches)  in  diameter.  A  carbon  electrode,  obtained  from  a  dry 
battery  such  as  those  used  in  residential  doorbell  circuits,  is 
placed  in  the  outer  cup  (anode)  and  another  is  placed  in  the  inner 
cup  (cathode). 


Table  I.  Preparation  of  Quinhydrone 


Expt.  No. 

Electrolysis 

Time 

Amperage 

Hydroquinone 

Yield 

Hours 

Amperes 

Grams 

% 

1 

4.82 

1 

10 

72.6 

2 

2.41 

2 

10 

74.2 

3 

1.61 

3 

10 

74.8 

4 

1.21 

4 

10 

75.3 

5 

0.96 

5 

10 

74.1 

1  Present  address,  109  West  Moneta  St.,  Bakersfield,  Calif. 
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The  hydroquinone  has  an  equivalence  of  2;  therefore  one 
mole  of  hydroquinone  would  take  2  faradays  for  complete  oxida¬ 
tion.  As  only  half  the  quantity  of  hydroquinone  used  is  to  be 
oxidized,  half  of  the  required  faradays  for  complete  oxidation 
should  be  used,  or  one  faraday  per  mole  of  hydroquinone. 

The  hydroquinone  (20  grams)  was  dissolved  in  a  suitable 
amount  of  water  and  poured  into  the  outer  cup  of  the  electrolytic 
apparatus.  Two  to  3  grams  of  sodium  sulfate  were  added  and 
the  level  of  the  liquid  was  raised  to  within  2.5  or  5  cm.  (1  or  2 
inches)  of  the  top  of  the  cup.  The  inner  cup  was  half  filled  with 
distilled  water,  5  ml.  of  glacial  acetic  acid  were  added,  and  the  cup 
was  filled  with  distilled  water  to  within  1.9  cm.  (0.75  inch)  of  the 
top.  The  current  was  then  turned  on  at  various  amperages  and 


for  various  times  (Table  I).  Sodium  sulfate  was  added  to  the 
outer  cup  liquor  in  small  amounts  from  time  to  time  to  maintain 
a  constant  amperage.  At  the  completion  of  the  required  oxida¬ 
tion  period,  the  solution  in  the  inner  cup  was  concentrated  and 
cooled,  and  the  quinhydrone  was  filtered  off.  The  yield  was 
about  75  per  cent  of  the  theoretical. 

The  purity  of  the  quinhydrone  in  each  experiment  was 
98  per  cent  or  better  in  each  case.  In  the  opinion  of  the 
author  a  higher  yield  may  be  obtained  by  using  the  mother 
liquor  repeatedly.  „ 


Accurate  Low-Pressure  Gage 

FRANK  E.  E.  GERMANN  AND  KENNETH  A.  GAGOS 
University  of  Colorado,  Boulder,  Colo. 


LOW-PRESSURE  gages  commonly  found  in  physics  and 
chemistry  laboratories  are  either  of  the  Bennert  closed 
U-type,  or  one  of  the  many  modifications  of  the  McLeod  type. 
The  Bennert  type  is  satisfactory  for  pressures  above  1  cm.  of 
mercury,  but  is  not  very  accurate  for  lower  pressures.  For 
the  low-pressure  range  the  McLeod  gage  is  usually  used,  but 
its  application  is  limited  by  the  fact  that  it  depends  on  in¬ 
creasing  the  pressure  in  one  part  of  the  system.  This  in¬ 
crease  in  pressure  will,  in  the  case  of  vapors  from  liquids 
having  high  boiling  points,  lead  to  a  condensation  of  the 
vapors,  which  will  make  the  measurements  useless.  Thus 
in  the  case  of  measuring  the  vapor  pressure  of  water  of 
crystalline  hydrates,  the  pressure  cannot  be  increased  above 
that  over  pure  water  at  the  same  temperature  without  bring¬ 
ing  about  dew  formation. 

A  number  of  methods  have  been  used  for  increasing  the 
accuracy  of  such  measurements,  one  of  which  involves  the 
replacement  of  mercury  by  a  liquid  of  low  density  and  negli¬ 
gible  vapor  pressure,  always  being  certain  that  the  vapors 
being  measured  are  not  soluble  in  the  confining  liquid. 

The  floating  tube  barometer  described  by  Caswell  (I)  in 
1704  and  later  adapted  to  use  in  what  has  been  called  the 
steelyard  barometer  (8)  embodies  the  basic  principles  of  a 
recent  instrument  known  as  the  Dubrovin  (2)  gage,  which 
may  be  purchased  from  scientific  apparatus  houses.  Since 
there  appears  to  be  no  published  description  of  the  theoretical 
background  of  the  floating  barometer,  it  seemed  worth  while 
to  develop  the  equation  for  the  magnification  factor,  and  to 
give  directions  for  making  a  gage  which  would  be  useful  in 
vacuum  distillation  work,  as  well  as  around  physical  chemistry 
and  physics  laboratories. 

Figure  1  shows  an  inverted  closed  cylinder  floating  freely  over 
mercury.  Its  lateral  motion  is  controlled  by  three  point  guides 
at  top  and  bottom  lightly  touching  the  inside  walls  of  the  con¬ 
taining  vessel.  The  device  is  placed  on  its  side  and  a  high  vacuum 
is  created  by  means  of  a  good  oil  or  diffusion  pump.  This  re¬ 
moves  all  the  air  and  adsorbed  gases  from  the  inside  and  outside 
of  the  floating  tube.  It  is  then  set  up  on  end  and  atmospheric 
pressure  is  slowly  restored.  If  the  density  of  the  tube  material 
is  less  than  that  of  mercury,  the  tube  will  float  and  the  inside  of 
the  floating  tube  will  be  entirely  filled  with  mercury.  Now  if 
the  external  pressure  is  gradually  reduced,  the  tube  remains  sta¬ 
tionary  until  the  external  pressure  becomes  equal  to  the  height 
of  the  mercury  column  inside  the  tube  above  the  outside  level. 
(Capillary  forces  are  for  the  moment  neglected.) 

Reducing  the  pressure  still  further  results  in  the  condition 
shown  in  the  figure.  The  height,  N,  measures  the  pressure  in  the 


large  cylinder.  As  the  pressure  is  progressively  reduced,  the  mer¬ 
cury  column  drops  while  the  tube  itself  rises.  Thus  a  drop  of 
1-cm.  pressure  results  in  a  drop  of  1  cm.  in  height  N,  while  H 
may  increase  10  or  20  cm.,  corresponding  to  multiplying  factors 
of  10  or  20. 


D, 

D2 


H 


N 


Figure  1 


Regarding  the  tube  as  a  freely  floating  body  at  equilibrium, 
constrained  by  guides  to  move  only  in  a  vertical  direction,  and 
assuming  the  gas  pressure  inside  the  floating  tube  to  be  zero,  we 
may  equate  the  sum  of  the  downward  forces  to  the  sum  of  the  up¬ 
ward  forces.  Height  N  of  the  liquid  inside  the  tube  depends  only 
on  the  external  pressure,  P. 

The  pressure  in  the  liquid  at  the  base  of  the  floating  tube  is 
made  up  of  the  sum  of  the  gas  pressure,  P  =  Ngp,  and  the  pressure 
of  the  liquid  column,  K,  which  is  Kgp  =  (L  —  H)gp,  in  which  g 
and  p  represent  the  force  of  gravity  and  the  density  of  the  liquid. 
This  total  pressure  gp(N  +  L  —  H)  over  the  annular  ring  area  of 
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the  tube  j  (Djj  —  D\)  exerts  an  upward  force  {D\  —  Df)(N  + 

L  —  H).  To  this  we  add  F,  the  algebraic  sum  of  all  other  con¬ 
stant  forces  exerted  by  surface  tension,  floats,  etc.  Hence: 


Total  upward  force  =  ^  (Z>*  -  Dl)(N  +  L  -  H)  +  F 

The  downward  force  is  made  up  of  W,  the  weight  of  the  tube, 
and  the  pressure,  P  =  Ngp,  over  the  sectional  area  of  the  tube 


Total  downward  force  =  +  W 


For  such  a  body  in  equilibrium  we  may  equate  the  upward  to 
the  downward  forces  and  obtain 

^  (D?  -  D\){N  +  L  -  H)  +  F  =  +  W 


Simplifying  and  grouping  the  constant  terms  as  C,  this  becomes 


—  H  = 


NDl 

D%  -  D\ 


+  C 


Differentiating,  we  obtain 


dH  D\ 
dN  =  D\  -  Df 


This  equation  states  that  as  N  increases,  H  decreases  and 
vice  versa.  It  also  states  that  the  rate  of  change  of  H  with 
respect  to  iV  is  constant,  since  it  depends  only  on  the  con¬ 
stant  tube  dimensions.  The  numerical  value  of  this  rate 
of  change  for  a  given  instrument  with  constant  tube  di¬ 
ameter  and  constant  wall  thickness  is  accordingly  the  same 
for  infinitesimal  and  for  finite  changes  in  H  and  N.  Since 
the  weight  of  the  tube,  the  density  of  the  liquid,  surface 
tension  forces,  etc.,  included  in  the  constant  term,  C,  do  not 
appear  in  the  final  equation,  the  rate  of  change  of  H  with 
respect  to  N  is  independent  of  all  such  constant  terms. 

The  absolute  value  of  N  depends  on  the  pressure,  P,  in  the 
outer  tube  and  on  capillary  forces.  The  absolute  value  of  H 
depends  on  the  densities  of  the  tube  and  the  liquid,  pressure 
P,  and  surface  forces.  In  view  of  these  facts  it  is  evident  that 
the  ratio  of  the  absolute  value  of  H  to  N  is  meaningless.  On 
the  other  hand,  a  decrease  in  the  pressure,  P,  of  1  mm.  of 
mercury  is  accompanied  by  a  decrease  in  N  of  1  mm.  if  the 
confining  liquid  is  mercury.  If  simultaneously  the  tube 
rises  10  mm.,  then  H  has  increased  by  10  mm.  and  the  change 
of  H  with  respect  to  N  is  10.  This  is  then  the  true  value  of 
the  multiplying  factor  or  magnification.  As  indicated  in  the 
equation  for  the  rate  of  change  of  H  with  respect  to  N,  it  can 
be  calculated  from  the  internal  and  external  diameter  of  the 
floating  tube,  and  is  independent  of  all  other  factors.  Both 
theory  and  experiment  show  that  as  the  liquid  inside  the 
tube  falls  and  the  tube  rises,  the  level  of  the  outside  liquid 
does  not  change.  This  means  that  the  volume  of  the  cylinder 
that  comes  out  of  the  liquid  equals  the  volume  of  the  liquid 
that  drops  into  the  body  of  the  fluid. 

The  instrument  has  the  very  distinct  advantage  over  other 
mechanical  and  optical  magnifying  devices  of  not  magnifying 
the  error,  if  any,  due  to  capillarity,  adhesion  to  the  tube,  etc. 

The  apparent  density  of  the  tube  may  be  changed  either  by 
making  the  lower  submerged  part  of  tube  itself  of  a  double- 
walled  sealed  cylinder  or  by  attaching  a  separate  float  made  of 
glass  at  its  base.  In  this  way  even  a  platinum  tube  can  be  made 
to  have  the  absolute  value  of  H  greater  than  the  barometric 
height  of  76  cm.  of  mercury,  using  mercury  as  the  confining  liquid. 
We  then  have  a  direct-reading  magnifying  barometer. 

The  guides  serving  to  hold  the  tube  erect  make  only  slight  con¬ 
tact  with  the  outer  tube,  some  clearance  being  allowed.  When  a 


reading  is  to  be  made,  a  light  tap  on  the  side  of  the  outer  tube 
momentarily  releases  contact,  permitting  the  floating  tube  to 
rise  or  fall  freely  about  its  equilibrium  position,  which  is  easily 
reproducible  to  less  than  0.2  mm.  If  we  have  a  tube  with  a 
magnification  factor  of  20,  a  barometric  change  of  1  mm.  of  mer¬ 
cury  is  accompanied  by  a  20-mm.  change  of  H.  An  error  of  0.2 
mm.  in  reading  the  height  of  H  is  an  error  of  1  per  cent.  Stated 
another  way,  a  0.01-mm.  change  in  barometric  pressure  is  the 
minimum  change  which  can  be  observed  directly  without  the  use 
of  a  vernier.  Since  the  accuracy  of  reading  is  independent  of  H, 
10“ 2  mm.  of  mercury  is  the  lowest  pressure  that  can  be  read  on  an 
instrument  whose  magnification  factor  is  20  when  the  liquid 
used  is  mercury. 

If  in  place  of  mercury  we  use  Apiezon  B  oil,  whose  density  at 
25°  C.  is  0.861  gram  per  cc.,  the  accuracy  is  greatly  increased. 
With  the  above  instrument  having  a  magnifying  factor  of  20,  and 
a  minimum  observable  pressure  change  of  0.01  mm.,  the  minimum 
observable  pressure  change  becomes  0.01/15.7  =  0.00064  mm.  of 
mercury,  in  which  15.7  is  the  ratio  of  the  densities  of  mercury  and 
Apiezon  B  oil  at  25°. 

The  above  considerations  show  that  for  mercury  as  a 
confining  liquid  the  useful  range  of  the  gage  lies  between 
10~2  and  103  mm.  of  mercury,  whereas  with  Apiezon  B  oil 
the  lower  range  is  extended  to  6.4  X  10~4  mm.  A  relatively 
high  accuracy  is  achieved  over  a  very  large  pressure  range 
without  the  use  of  a  vernier.  Readings  are  made  directly 
and  are  instantly  observable.  No  operation  such  as  changing 
volumes  as  in  the  case  of  the  McLeod  gage  is  necessary. 

Mercury  as  a  confining  liquid  has  the  great  advantage  of 
dissolving  very  few  vapors  of  either  organic  or  inorganic 
substances.  It  has  the  disadvantage  of  high  density  and 
accompanying  inaccuracy  in  reading  small  pressure  changes. 
It  is  this  latter  difficulty  which  the  floating  tube  overcomes. 

A  concrete  illustration  of  its  use  in  the  authors’  laboratory  of 
physical  chemistry:  In  the  determination  of  gas  densities  by 
direct  weighing,  the  student  is  instructed  to  evacuate  the  bulb  to 
0.1  mm.  or  less  and  then  weigh.  This  involves  the  use  of  a  gage 
of  the  McLeod  type.  However,  by  including  the  floating  gage  in 
the  system  the  pressure  can  be  read  directly. 

Although  the  equation  enables  the  calculation  of  the  di¬ 
mensions  of  the  tube  for  any  specific  multiplying  factor,  the 
following  have  been  found  practical. 


Di 


Di  Wall  Thickness  L 


Magnification 


Inch  Inch 


Inch  Inches 


0.1225  0.1250  0.00125  10 

0.3576  0.375  0.0087  12 


24.25 

10.03 


Stainless  steel,  nickel,  platinum,  and  glass  tubes  may  be 
used  with  mercury.  Since  a  uniform  bore  and  wall  thickness 
are  essential  to  a  uniform  pressure  scale  and  the  thin-walled 
tubes  which  are  necessary  are  stronger  when  made  of  metal, 
metal  tubing  is  especially  satisfactory.  Strength  is  often 
necessary,  since  a  rapid  restoration  of  pressure  in  the  outside 
container  may  cause  the  resulting  mercury  hammer  effect  to 
break  out  the  top  of  the  floating  tube.  To  obviate  this,  the 
lower  part  of  the  tube  may  be  made  with  a  rather  small 
opening,  and  thus  avoid  a  rapid  entry  of  the  mercury. 
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Automatic  Apparatus  for  Determination  of  Small 
Concentrations  of  Sulfur  Dioxide  in  Air 

Application  to  Hydrogen  Sulfide,  Mercaptan,  and  Other  Sulfur  and  Chlorine 

Compounds 

MOYER  D.  THOMAS,  JAMES  O.  IVIE,  JOHN  N.  ABERSOLD,  and  RUSSEL  H.  HENDRICKS 
Department  of  Agricultural  Research,  American  Smelting  and  Refining  Company,  Salt  Lake  City,  Utah 


MANY  units  of  the  automatic  apparatus  described  in 
earlier  papers  ( 6 ,  7,  8 )  have  been  in  continuous  opera¬ 
tion  during  the  last  twelve  years  and  they  have  provided 
complete  records  of  sulfur  dioxide  concentrations  in  the  at¬ 
mosphere..  The  machines  have  required  very  little  attention 
for  servicing,  and  have  given  long  periods  of  satisfactory 
operation. 

Three  years  ago  the  authors  experimented  with  a  multiple- 
port  stopcock-type  metal  valve  to  replace  the  numerous  cam- 
operated  poppet  valves,  and  this  innovation  has  given  com¬ 
plete  satisfaction,  resulting  in  simple  construction  and 
trouble-free  operation.  Making  use  of  this  new  valve,  the 
authors  have  constructed  an  autometer  which  determines 
the  sulfur  dioxide  (plus  sulfur  trioxide)  and  also  independently 
the  total  volatile  sulfur  content  of  the 
atmosphere.  The  latter  may  also  include 
hydrogen  sulfide,  carbon  disulfide,  mer¬ 
captan,  and  even  substances  like  thiophenol 
or  thiophene.  Preliminary  observations 
have  shown  that  this  apparatus  is  also 
applicable  to  volatile  chlorine  compounds 
.  like  chloroform,  carbon  tetrachloride,  ethyl¬ 
ene  chloride,  and  chlorobenzene,  all  of 
which  can  produce  hydrochloric  acid  that 
is  absorbed  as  readily  as  sulfur  dioxide, 
and  affects  the  conductivity  like  sulfuric 
acid. 

Construction  of  Apparatus 

The  multiple-port  stopcock,  as  used  on 
the  combined  sulfur  dioxide-total  sulfur 
machine,  is  shown  in  Figure  1.  For  sulfur 
dioxide  alone  planes  3,  5,  and  2  of  the  ports 
on  plane  6  may  be  eliminated  and  the  valve 
made  correspondingly  smaller.  Stainless  steel 
and  bronze,  or  bronze  and  brass,  have  been 
used  in  its  construction.  The  body  and  core 
are  machined,  then  lapped  with  suitable  steel 
blanks  before  lapping  them  carefully  together 
to  produce  a  smooth  close  fit.  Finally  the 
ports  and  grooves  are  made  without  disturb¬ 
ing  the  fit. 

The  valve  is  mounted  in  a  vertical  position 
on  the  support,  C.  It  is  operated,  using  a 
heavy  stopcock  grease  and  adjusting  the 
collar,  B,  so  that  a  minimum  clearance  is 
maintained  to  prevent  the  surfaces  from 
binding.  Adequate  pressure  is  given  by  the 
cap  and  spring,  A.  The  core  is  turned  from 
below  by  a  reduction  gear  system  with  which 
it  is  connected  by  means  of  a  universal  drive 
pin,  D,  that  allows  the  core  to  remain  centered 
in  the  valve  body.  A  well-made  valve  of  this 
type  will  run  for  many  months  without  any 
attention. 

Figure  2  is  a  diagram  of  the  assembly. 

The  valve,  reduction  gear  system,  pump,  and 
motor  are  mounted  on  a  bed  plate.  The 
absorbers  are  placed  on  a  light-iron  frame- 
work  so  that  they  will  drain  by  gravity 
through  the  lowest  ports  of  the  stopcock. 

On  an  upper  shelf  is  a  20-liter  bottle  con¬ 


taining  the  absorbing  solution,  and  at  a  level  between  the  supply 
bottle  and  absorbers  are  placed  the  pipets.  Thus  the  solution 
passes  through  the  valve  three  times  by  gravity:  first  into  the 
pipets,  then  into  the  absorbers,  and  finally  to  waste.  Accessory 
apparatus  is  the  same  as  that  described  earlier  ( 6 ,  7). 

Application 

It  has  been,  known  for  a  long  time  that  appreciable  amounts 
of  hydrogen  sulfide  would  pass  through  the  sulfur  dioxide 
absorber  without  producing  a  measurable  effect  on  the  con¬ 
ductance  of  the  absorbing  solution.  The  same  has  now  been 
found  to  be  true  of  the  other  sulfur  and  chlorine  compounds 
mentioned  above.  Accordingly,  if  these  compounds  could  be 
quantitatively  oxidized  or  pyrolyzed  to  sulfur  dioxide  or 
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Figure  1.  Multiple  Port  Stopcock-Type  Metal  Valve,  for  Controlling 

Flow  of  Gases  and  Liquids 
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hydrochloric  acid,  they  could  be  determined  with  the  same 
precision  and  sensitivity  that  characterize  the  sulfur  dioxide 
analysis,  for  which  the  limit  of  detection  is  about  2  parts  per 
billion. 

The  application  of  the  sulfur  dioxide  autometer  to  the 
determination  of  hydrogen  sulfide  has  long  been  envisioned, 
but  until  recently  only  a  few  preliminary  experiments  had 
been  carried  out. 


but  this  probably  was  not  important  because  the  authors  state, 
“The  instrument  must  be  calibrated  against  known  concentra¬ 
tions  of  sulfur  dioxide,  furnished,  in  our  case,  by  the  oxidation  of 
carbon  disulfide.”  The  sampling  rate  was  5.5  liters  per  minute. 
The  authors  have  been  unable  to  attain  complete  oxidation  of 
hydrogen  sulfide  at  15  liters  per  minute  in  a  silica  tube  containing 
platinum  foil  and  heated  externally  in  an  electric  tube  furnace. 

Analysis  of  chlorinated  hydrocarbons  has  been  accom¬ 
plished  by  several  investigators  using  combustion  methods. 


In  1939^0  Philip  Drinker  borrowed  an  autometer  from  this 
laboratory  and  used  it  to  determine  carbon  disulfide  and  hydro¬ 
gen  sulfide  in  the  Lewistown  Plant  of  the  American  Viscose 
Corporation.  The  results  of  this  study  were  described  as  satis¬ 
factory  by  Reece,  White,  and  Drinker  (4).  The  carbon  disulfide- 
air  and  hydrogen  sulfide-air  mixtures  “were  passed  over  heated 
platinum  foil  and  the  sulfur  completely  oxidized  to  sulfur  diox¬ 
ide.”  Evidence  of  completeness  of  oxidation  was  not  presented, 


Figure  2.  Diagram  of  Assembly  for  Simultaneous  Determination  of  Sulfur  Dioxide  and 

Total  Sulfur  in  Air 


Olsen,  Smyth,  Ferguson,  and  Scheflan  (3)  passed  the  vapors  of 
carbon  tetrachloride  in  air  together  with  some  water  vapor, 
through  a  silica  tube  at  1000°  to  1100°  C.,  and  determined  the 
liberated  hydrochloric  acid  by  titration.  They  suggested  the 
possibility  of  an  automatic  method  based  on  conductivity,  but 
did  not  try  it  out.  Their  procedure  has  been  modified  by  Tebbins 
(5)  who  used  a  platinum  catalyst  in  the  combustion  tube  and  re¬ 
duced  the  temperature  to 
850°  C.  Other  minor 
modifications  have  been 
made  by  Dudley  ( 1 ),  who 
employed  a  sampling  rate 
of  2.5  liters  per  minute, 
as  compared  with  a  rate  of 
1  liter  per  minute  em¬ 
ployed  by  the  earlier  in¬ 
vestigators. 


The  new  sulfur  di¬ 
oxide-total  sulfur  autom¬ 
eter  is  really  a  double 
sulfur  dioxide  analyzer. 

It  has  four  identical  ab¬ 
sorbers,  two  of  which  are 
used  for  sulfur  dioxide  ex¬ 
actly  as  in  the  simpler 
machine.  The  other  two 
receive  an  equal  volume 
of  air  in  a  parallel  line 
from  the  same  source.  To 
secure  continuous  opera¬ 
tion,  one  pair  of  absorbers 
is  aspirated  while  the 
other  pair  is  recharged 
with  solution.  The 
second  air  stream  is  passed 
through  a  well-insulated 
25-mm.  silica  tube  in 
which  a  platinum  wire, 
spirally  wound  and  elec¬ 
trically  heated,  serves  to 
oxidize  other  sulfur  com¬ 
pounds  to  sulfur  dioxide. 
The  reaction  is  partly  a 
pyrolysis,  since  carbo¬ 
naceous  material  gradually 
deposits  beyond  the 
heater.  The  use  of  the 
internally  heated  tube  re¬ 
sults  in  a  great  saving  of 
power  with  the  large  air 
flow  employed  (15  liters 
per  minute)  as  compared 
with  an  externally  heated 
tube,  and  also  gives  a 
quantitative  oxidation. 
With  smaller  rates  of  air 
flow  still  less  power  would 
be  required. 

The  hot  end  of  the  silica 
tube  is  connected  to  a 
Pyrex  adapter  by  a  ground 
joint  which  is  maintained 
by  holding  tube  and 
adapter  together  with  a 
spring.  The  adapter  tube 
is  partly  water-cooled,  but 
extreme  cooling  of  the 
gas  is  avoided,  since 
there  is  some  tendency 
to  produce  sulfuric  acid 
in  the  heater,  and  this 
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Table  I.  Determination  of  Sulfur  and  Chlorine  Compounds 


No.  of 

Gas 

Element 

Compound 

Compound 

Analyses 

Energy 

Temperature 

Found 

Calculated 

Calculated 

Recovered 

Mg.  S  or  Cl  per 

P.  p.  TO. 

Watts 

0  C. 

1000  l. 

vol. 

% 

Hydrogen  sulfide 

1 

100 

390 

0.51 

0.78 

0.68 

65 

1 

100 

390 

0.98 

1.37 

1.19 

71 

1 

108 

395 

1.17 

1.82 

1.58 

64 

1 

108 

395 

1.97 

3.30 

2.87 

60 

1 

160 

470 

0.035 

0.034 

0.030 

103 

2 

160 

470 

0.080 

0.075 

0.065 

'  107 

1 

160 

470 

0.77 

0.88 

0.076 

88 

1 

160 

470 

0.91 

1.07 

0.93 

85 

2 

240 

555 

0.135 

0.130 

0.11 

104 

6 

255 

570 

0.67 

0.70 

0.61 

96 

3 

255 

570 

1.07 

1.10 

0.96 

97 

1 

258 

573 

2.22 

2.36 

2.05 

94 

2 

260 

575 

3.58 

3.60 

3.14 

99 

2 

366 

650 

0.20 

0.195 

0.170 

103 

7 

470 

715 

0.180 

0.179 

0.156 

100 

6 

470 

715 

0.74 

0.75 

0.65 

99 

1 

490 

725 

3.76 

3.82 

3.33 

98 

Carbon  disulfide 

1 

250 

565 

1.69 

1.68 

0.73 

101 

1 

250 

565 

1.73 

1.77 

0.77 

98 

Ethyl  mercaptan 

1 

250 

565 

0.050 

0.049 

0.043 

102 

(C2H*SH) 

1 

250 

565 

0.085 

0.085 

0.075 

100 

1 

250 

565 

0.72 

0.70 

0.61 

103 

1 

250 

565 

2.55 

2.54 

2.21 

100 

1 

250 

565 

3.59 

3.61 

3.24 

99 

Thiophenol 

1 

240 

555 

0.65 

0.69 

0.60 

94 

(C6H6SH) 

1 

240 

555 

1.08 

1.08 

0.94 

100 

Thiophene  (CsHiS) 

1 

250 

565 

0.175 

0.173 

0.15 

101 

1 

265 

575 

1.95 

1.79 

1.56 

109 

1 

265 

575 

2.87 

2.81 

2.25 

102 

1 

250 

565 

5.90 

6.25 

5.45 

95 

1 

375 

660 

3.65 

3.68 

3.20 

99 

Chloroform 

1 

240 

555 

0.11 

0.31 

0.041 

35 

1 

235 

550 

0.15 

0.50 

0.065 

30 

1 

235 

550 

8.9 

24.7 

3.12 

36 

1 

455 

710 

0.40 

0.51 

0.067 

78 

1 

610 

790 

0.69 

0.63 

0.082 

107 

Carbon 

I 

108 

395 

0.36 

30.0 

2.94 

1 

tetrachloride 

1 

164 

475 

8.2 

35.2 

3.45 

23 

1 

225 

540 

0.20 

0.64 

0.063 

32 

2 

610 

790 

0.55 

0.565 

0.055 

97 

Ethylene  chloride 

1 

168 

475, 

3.15 

85.5 

16.8 

4 

(C2H4CI2) 

1 

260 

570 

0.08 

0.31 

0.061 

26 

1 

260 

570 

3.60 

7.55 

1.48 

47 

1 

600 

785 

1.19 

1.12 

0.22 

106 

1 

567 

770 

1.62 

1.58 

0.31 

103 

Chlorobenzene 

I 

257 

570 

0.17 

0.36 

0.14 

48 

(CoHsCl) 

1 

630 

800 

1.98 

1.89 

0.74 

105 

necessary  to  use  500  to  600  watts. 
At  250  watts  the  yield  of  hydrochloric 
acid  was  only  about  25  to  50  per  cent. 
Evidently  water  vapor  supplies  the 
hydrogen  to  enable  a  substance  like 
carbon  tetrachloride  to  form  hydro¬ 
chloric  acid  (3).  Some  acid  condensa¬ 
tion  in  the  adapter  has  been  noted 
with  the  chlorine  compounds,  pre¬ 
sumably  as  chloric  or  perchloric  acids. 
At  normalities  below  10  ~3  all  these 
acids,  as  well  as  sulfuric  acid  and 
nitric  acid,  have  nearly  the  same  con¬ 
ductivities,  and  practically  the  same 
calibration  applies  to  them  all.  When 
large  amounts  of  chlorine  compounds 
were  put  through  the  heater  at  400°  to 
600°  C.  some  retention  occurred  in  the 
silica  tube,  which  caused  a  long  con¬ 
tinued  low  level  evolution  of  hydro¬ 
chloric  acid  when  the  temperature 
was  raised  to  about  800°  C.  This 
condition  is  being  investigated  fur¬ 
ther. 

The  agreement  between  the  theo¬ 
retical  and  analytical  concentrations 
is  satisfactory.  In  many  of  these 
analyses  sulfur  dioxide  was  also  pres¬ 
ent  in  variable  amounts,  but  there 
is  nothing  to  suggest  that  it  interfered 
with  any  of  the  determinations.  It 
was  merely  subtracted  from  the  total 
sulfur  or  chlorine  values.  Some  of  the 
values  in  Table  I  represent  the  upper 
limit  of  the  recording  system  under 
the  chosen  conditions  of  operation. 
Higher  concentrations  could  readily 
be  determined  by  changing  the  time 
or  rate  of  sampling,  or  the  cell  con- 


will  condense  before  reaching  the  absorber  if  the  gas  is  cooled 
to  room  temperature.  The  warm  air  from  the  heater  causes  an 
amount  of  evaporation  and  also  a  resultant  temperature  in  the 
absorber  somewhat  higher  than  that  caused  by  the  colder  air  in 
the  parallel  line.  This  discrepancy  can  be  compensated  for  by 
using  a  larger  volume  of  solution  in  the  “total  sulfur”  absorber. 

A  line-drawing  recorder  and  a  suitable  switching  mechanism 
give  the  conductivities  of  the  two  solutions  at  1-minute  intervals 
during  the  absorption  period  of  30  minutes.  The  increment  of 
conductivity  of  the  absorber  receiving  unheated  gas  represents 
sulfur  dioxide;  any  additional  increment  in  the  other  absorber 
represents  other  sulfur  compounds,  since  the  same  calibration 
applies  to  both  absorbers  (see  Figure  3).  This  calibration  is 
based  on  different  dilutions  of  standard  sulfuric  acid. 

In  Table  I  are  summarized  the  results  of  analyses  of  known 
mixtures  with  air  of  the  substances  listed  above. 

Hydrogen  sulfide  of  tested  purity  was  displaced  from  a  mer¬ 
cury  pipet  into  a  large  measured  air  stream.  The  various  liquids 
were  handled  in  weighed  Nesbitt  bulbs,  and  they  were  volatilized 
by  means  of  controlled  air  streams.  The  table  also  shows  the 
wattage  of  the  heater  and  the  approximate  exit  temperature  of 
gases.  In  all  cases  the  air  volume  was  15  liters  per  minute.  A 
current  consumption  of  250  watts  was  adequate  to  cause  the  oxi¬ 
dation  of  all  these  sulfur  compounds  to  sulfur  dioxide.  The 
platinum  wire  was  red  and  the  gas  temperature  about  580°  C. 
Even  at  100  watts  (390°  C.)  there  was  considerable  oxidation  of 
hydrogen  sulfide,  but  the  process  was  not  quantitative.  The 
reaction  was  nearly  complete  at  160  watts  (470°  C.). 

Thiophene  showed  a  distinct  tendency  to  form  sulfuric 
acid,  and  it  was  necessary  to  maintain  the  adapter  at  a 
higher  temperature  with  this  substance  than  with  the  others. 

For  the  decomposition  of  the  chlorine  compounds  it  was 


stant. 

The  apparent  lack  of  specificity  of  the  proposed  method 
suggests  itself  as  a  drawback.  This  difficulty  can  be  re¬ 
solved  in  some  cases  by  preliminary  absorption  of  certain 
constituents  of  mixtures.  For  example,  hydrogen  sulfide 
was  absorbed  by  Reece,  White,  and  Drinker  (4)  to  enable 


Figure  3.  Portion  of  a  Field  Chart  Showing  Presence 
of  Sulfur  Dioxide  with  Other  Sulfur  Compounds 
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them  to  determine  carbon  disulfide.  The  hydrogen  sulfide 
was  then  found  by  difference.  Doubtless  there  is  a  practical 
limit  to  which  the  resolution  of  a  complex  mixture  could  be 
carried,  but  it  would  be  entirely  feasible  to  add  another 
parallel  combustion  and  absorption  train  to  the  assembly 
proposed  here,  by  merely  adding  two  more  planes  of  ports 
to  the  valve. 

The  possibility  of  oxidizing  nitrogen  compounds  to  nitric 
acid,  which  would  also  be  readily  absorbed  and  determined, 
was  explored  for  the  most  part  without  success.  Ammonia 
was  practically  completely  destroyed  at  250  watts,  but  a 
trace  of  nitric  acid  was  produced  at  higher  temperatures. 
This  destruction  of  ammonia  would  remove  interference 
by  this  gas  in  the  sulfur  dioxide  analysis  (2) .  Pyridine,  which 
interferes  like  ammonia,  was  not  so  completely  destroyed  in 
the  heater.  Hydrocyanic  acid  and  aniline  were  without 
appreciable  effect  on  either  absorber,  as  was  also  nitrobenzene. 

A  unit  of  the  sulfur  dioxide-total  sulfur  apparatus  has  now 
been  in  continuous  operation  for  several  months  in  the  field 
near  an  industrial  district  and  has  given  a  complete  and  satis¬ 
factory  record.  Figure  3  is  a  portion  of  the  chart,  showing 
the  presence  of  sulfur  dioxide,  together  with  an  approximately 
equal  amount  of  other  sulfur  compounds,  presumably  hydro¬ 
gen  sulfide  and  possibly  some  mercaptans.  It  is  improbable 
that  any  chlorine  compounds  were  present. 

Finally,  it  may  be  of  interest  to  record  a  few  observations 
on  the  physiological  detection  of  some  of  these  compounds. 
Under  very  favorable  conditions,  sulfur  dioxide  has  been 
detected  by  sensitive  persons  at  this  laboratory  at  0.3  p.  p.  m. 
by  the  sense  of  taste,  and  at  0.5  to  0.6  p.  p.  m.  by  smell. 
Hydrogen  sulfide  has  a  distinct  odor  at  0.3  p.  p.  m.,  and  is 
detectable  at  0.025  p.  p.  m.  Ethyl  mercaptan  has  a  “very 
strong”  odor  at  0.6  p.  p.  m.,  and  a  distinct  odor  at  0.03  to 
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0.07  p.  p.  m.  Its  odor  is  detectable  at  approximately  0.002 
p.  p.  m. 

Summary 

The  automatic  apparatus  for  the  determination  of  small 
concentrations  of  sulfur  dioxide  in  air  has  been  modified  by 
the  substitution  of  a  simple  multiple-port  stopcock-type  valve 
for  the  numerous  poppet  valves  of  the  older  assembly.  This 
equipment  has  also  been  modified  to  enable  the  simultaneous 
determination  of  the  total  volatile  sulfur  compounds  in  the 
air,  with  the  same  precision  and  sensitivity  as  characterized 
the  sulfur  dioxide  analysis.  Carbon  disulfide,  hydrogen 
sulfide,  ethyl  mercaptan,  thiophenol,  and  thiophene  have 
been  so  determined.  The  method  is  also  applicable  (at  a 
higher  operating  temperature)  to  organic  chlorine  compounds, 
such  as  chloroform,  carbon  tetrachloride,  ethylene  chloride, 
and  chlorobenzene.  Nitrogen  compounds  could  not  be 
oxidized  to  nitric  acid  in  this  equipment. 

Some  observations  are  given  on  the  physiological  limits  of 
detection  of  sulfur  dioxide,  hydrogen  sulfide,  and  ethyl 
mercaptan. 
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An  Efficient  Low-Holdup  Laboratory  Column 

JOHN  R.  BOWER,  Jr.1,  AND  LLOYD  M.  COOKE2,  McGill  University,  Montreal,  Canada 


IN  THE  hydrogenation  studies  on  lignin  being  carried  out 
in  these  laboratories  a  highly  efficient,  low-holdup 
laboratory  fractionating  column  was  urgently  needed.  Al¬ 
though  the  problem  of  devising  such  a  column  has  been  a 
common  one  throughout  the  history  of  organic  chemistry, 
it  has  only  been  in  the  past  few  years  that  successful  investi¬ 
gations  have  been  carried  out  in  this  field.  Of  the  several 
recent  comprehensive  articles  concerning  laboratory  frac¬ 
tionation  columns,  those  of  Whitmore  et  al.  (11)  and 
Podbielniak  (8)  are  the  most  important,  since  these  two 
articles  contain  a  critical  discussion  of  all  recently  developed 
fractionating  columns. 

The  specific  problem  faced  in  these  laboratories  was  the 
separation  of  a  mixture  of  aliphatic  and  cyclic  alcohols  (6  to 
10  cc.  in  volume)  which  boiled  over  a  range  of  90°  C  .  at  20  mm. 
to  180°  C.  at  1  mm.  This  required  maximum  theoretical  plate 
efficiency  accompanied  by  a  total  liquid  holdup  of  less  than 
1.0  cc.  Of  the  columns  reported  in  the  literature,  the  Purdue 
spiral  screen  (6)  and  the  Podbielniak  Heli-Grid  (5)  types  of 
packing  appeared  to  be  the  most  satisfactory.  The  only 
objections  to  the  use  of  these  two  designs  were  the  difficult 
task  of  making  a  spiral  screen  with  an  outside  diameter  of  5 

1  Present  address,  Research  Laboratories,  American  Cyanamid  Co., 
Stamford,  Conn. 

2  Present  address,  Research  Department,  Corn  Products  Refining  Com¬ 
pany,  Argo,  Ill. 


mm.  or  less,  and  the  prohibitive  cost  of  the  excellent  Pod¬ 
bielniak  column. 

Other  excellent  columns  were  considered  inapplicable. 
The  high-efficiency  low-holdup  column  described  by  Selker, 
Burk,  and  Lankelma  (concentric-tube  packing,  9)  presents 
construction  difficulties,  requires  a  long  time  to  attain  equi¬ 
librium  conditions  (9  to  12  hours),  and  requires  expensive  tem¬ 
perature  control  equipment.  The  low-holdup  spinning-band 
column  developed  by  Baker,  Barkenbus,  and  Roswell  ( 1 ) 
has  too  low  an  efficiency  (H.  E.  T.  P.,  7.8  cm.),  while  the 
efficient,  small-diameter  Stedman  column  (2)  is  difficult  to 
construct  and  has  a  relatively  high  liquid  holdup  (0.18  cc. 
per  plate). 

A  suggested  alternative  was  the  use  of  a  type  of  packing 
proposed  by  D.  F.  Stedman  of  the  National  Research  Council 
of  Canada.  According  to  this  authority,  an  efficient  packing 
for  small-scale  work  should  be  obtainable  by  use  of  a  narrow 
strip  of  wire  gauze  twisted  to  produce  a  series  of  vertical 
plates  at  an  angle  of  90°  to  each  other.  An  investigation 
was  carried  out,  therefore,  on  the  applicability  of  such  wire- 
gauze  spirals  as  packings  in  fractionating  columns. 

Normal  Fractionation  Column 

Wire  Packing.  After  several  attempts  to  prepare  a 
satisfactory  packing,  the  following  method  was  adopted: 
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A  strip  of  50  (or  60  X  40)  mesh 
Monel  metal  wire  gauze  (1.5  times 
the  length  of  the  glass  column)  was 
cut  from  a  sheet  of  this  material 
with  heavy  scissors.  The  width  of 
the  gauze  should  be  approximately 
two  wire  strands  greater  than  the 
diameter  (4  to  6  mm.)  of  the  tube 
to  be  packed.  The  two  outside 
longitudinal  strands  were  then  re¬ 
moved  and  the  projecting  lateral 
strands  bent  back  in  one  direction 
until  the  strip  fitted  tightly  in  the 
glass  column.  The  gauze  strip  was 
then  ready  for  twisting.  This  was 
accomplished  by  use  of  two  pairs  of 
round-nosed  pliers,  the  nose  of  one 
pair  of  which  had  been  ground  to  a 
thickness  of  about  0.15  cm.  (0.06 
inch).  The  top  of  the  gauze  strip 
was  gripped  tightly  with  the 
thin-nosed  pliers  and  0.3  cm. 

(0.125  inch)  away  with  the  standard 
pliers,  and  the  strip  was  then  twisted 
through  90°  with  a  simultaneous 
compression  force,  so  that  when  the 
two  pliers  were  at  an  angle  of  90° 
they  were  touching  each  other. 

This  resulted  in  the  formation  of  two 
flat  vertical  planes  at  90°  to  each 
other  separated  by  two  horizontal, 
opposed  quadrants.  The  further 
twisting  of  the  gauze  strip  was  ac¬ 
complished  by  gripping  it  just  below 
the  first  bend  with  the  thin-nosed 
pliers  and  0.3  cm.  (0.125  inch)  below 
that  point  with  the  standard  pliers. 

The  twisting  (in  the  same  direction 
as  the  first  turn)  and  compression 
motions  were  then  carried  out  as  de¬ 
scribed  above.  This  entire  process 
was  repeated  until  the  whole  strip 
had  been  converted  into  a  series  of 
about  0.3-cm.  (0.125-inch)  verti¬ 
cal  gauze  platelets  as  shown  in 
Figure  1. 

It  is  essential  that  the  vertical  axis  of  each  platelet  coincide 
with  the  line  of  axes  of  the  adjoining  platelets  if  a  perfect  fit 
is  to  be  obtained,  and  it  is  therefore  necessary  to  make  certain 
that  each  platelet  is  properly  centered  before  proceeding  to  the 
next.  When  the  entire  strip  had  been  so  treated  it  was  found 
that  the  previously  flattened  horizontal  strands  had  spread  some¬ 
what  and  that  the  strip  no  longer  fitted  the  column.  This  was 
remedied  by  rolling  the  twisted  strip  back  and  forth  on  a  hard 
flat  surface  and  tapping  gently  with  the  flat  side  of  a  hammer  until 
the  packing  just  fitted  the  glass  column.  The  simplest  method 
for  inserting  the  modified  spiral  was  to  lubricate  it  with  oleic  acid 
and  pull  it  through  the  glass  tube  with  the  aid  of  a  strand  of  cop- 
per  wire  tied  to  the  end  of  the  packing.  The  oleic  acid  was  re¬ 
moved  with  ethanol  and  the  copper  wire  dissolved  in  concentrated 
nitric  acid. 

If  the  packing  has  been  properly  constructed,  a  continuous 
film  of  liquid  will  be  formed  at  the  two  lines  of  contact  be¬ 
tween  the  glass  and  the  gauze  when  alcohol  is  poured  down 
the  column.  If  there  are  no  more  than  a  few  (up  to  about 
five)  breaks  in  the  gauze-glass  liquid  film,  the  packing  is 
considered  satisfactory.  If  many  such  breaks  occur,  it  is 
advisable  to  prepare  a  new  packing.  If  the  packing  is  made 
up  of  more  than  one  continuous  strip,  it  is  not  necessary  to 
join  the  component  strips,  as  two  or  more  strips  touching 
each  other  firmly  have  been  found  to  give  satisfactory  results. 

Glass  Column.  The  glass  portion  of  the  fractionating 
column  was  of  very  simple  design,  as  shown  in  Figure  2. 

Although  the  sketch  of  the  apparatus  as  used  in  these  labora¬ 
tories  is  drawn  to  scale,  the  only  dimensions  which  are  of  sig¬ 
nificance  are:  (a)  packed  section,  5.0  *  0.5  mm.  in  inside  diam¬ 
eter;  (o)  cold-finger  condenser,  10.0  =*=  1.0  mm.  in  outside  diam¬ 
eter;  (c)  reflux  head,  15.0*  1.0  mm.  in  inside  diameter.  The 
delivery  tube  should  be  as  small  as  possible,  the  limiting  factor 
generally  being  that  of  the  viscosity  of  the  condensate.  In  this 
investigation  tubing  5  mm.  in  inside  diameter  was  found  to  be 


satisfactory.  Although  the  packed  sections  of  the  columns  con¬ 
structed  in  these  laboratories  have  varied  in  size  from  37.5  to 
112.5  cm.  (15  to  45  inches)  lengths  of  60  to  90  cm.  (24  to  36  inches) 
are  most  satisfactory  with  regard  to  ease  of  construction  of  the 
packing  and  total  plate  efficiency  of  the  column. 

The  specially  tapered  and  drilled  ground-glass  joint  was  made 
from  a  12/30  male  joint  and  was  so  constructed  as  to  eliminate 
flooding  at  the  joint.  The  flasks  (still  pots)  were  pear-shaped 
and  it  was  found  that  15-,  30-,  60-,  and  100-cc.  sizes  were  most 
convenient.  All  the  flasks  were  equipped  with  12/18  female 
grounds,  so  that  the  tapered  end  of  the  male  ground  projected 
below  the  closed  area  of  the  joint. 

The  still  head  was  of  the  “partial  condensation”  type  with  cold- 
finger  condenser.  The  inlet  tube  to  the  condenser  was  connected 
to  a  hot  (90°  C.)  and  cold  water  supply  by  means  of  a  T-tube,  so 
that  it  was  possible  to  control  the  temperature  of  the  condenser 
within  the  range  of  20°  to  90°  C. 

Adiabatic  conditions  were  approximated  by  the  use  of  an  elec¬ 
trically  heated  vacuum  jacket. 

Column  Heating  Unit.  The  column  was  heated  by  means  of 
a  spiral  of  8  mm.  (l/32  inch)  Nichrome  ribbon  wrapped  uniformly 
around  the  vacuum-jacketed  column,  so  as  to  produce  a  resistance 
of  12  to  20  ohms  per  foot.  The  Nichrome  ribbon  was  carried 
beyond  the  packed,  vacuum-jacketed  portion  of  the  column  as 
far  as  the  take-off  side  arm  and  the  spirals  were  placed  closer 
together  in  this  area.  The  temperature  outside  the  vacuum 
jacket  was  determined  by  means  of  a  thermometer  placed  inside 
the  air  jacket. 

The  control  circuit  for  the  column  heating  unit  consisted  of 
a  sensitive  variable  rheostat  providing  a  range  of  0  to  40  volts 
across  the  column  heater.  The  bath  consisted  of  an  asbestos- 
wrapped,  400-cc.  beaker  wound  with  24-gage  (B.  &  S.)  Nichrome 
wire  (40  to  50  ohms)  through  which  a  variable  resistance  circuit 
operated,  providing  a  range  of  0  to  110  volts. 

The  fraction  receiver,  also  shown  in  Figure  2,  was  a  modifica- 


Figure  2.  Fractionating  Column,  Condenser, 
and  Receiver 
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tion  of  the  Ellis  type  ( 3 )  in  which  the  receiving  tubes  are  held  on 
the  movable  axis,  A,  at  points  B-B  with  rubber  bands  and  the 
size  of  the  tubes  is  governed  by  the  size  of  the  fractions  to  be  col¬ 
lected  (0.4  cm.  in  diameter  X  5  cm.  in  length  for  50-  to  300-mg. 
samples,  or  0.6  cm.  X  8  cm.  for  0.50-  to  1.5-gram  samples). 

Operation  of  the  Column.  In  an  actual  fractionation 
the  procedure  was  divided  into  three  stages — namely,  flooding, 
establishing  equilibrium  conditions,  and  collecting  fractions. 
In  order  to  simplify  the  regulation  of  the  bath  and  column 
temperatures  during  the  equilibrium  stage  it  was  found  ad¬ 
visable  to  make  certain  observations  during  the  flooding 
operation.  The  following  procedure  proved  most  satis¬ 
factory: 

The  product  to  be  fractionated  (8  to  30  cc.)  was  placed  in  one 
of  the  still  pots  containing  glass  wool,  this  serving  as  an  excellent 
antibumping  agent  at  both  atmospheric  and  reduced  pressures. 
The  contents  of  the  flask  were  heated  slowly  by  means  of  the  elec¬ 
trically  heated  oil  bath  until  distillate  appeared  in  the  lower 
5  to  7.5  cm.  (2  to  3  inches)  of  the  packed  section,  whereupon  the 
current  passing  through  the  bath  heater  was  so  adjusted  that  the 
bath  temperature,  Ti,  remained  constant.  The  voltage  (or 
amperage,  depending  upon  whether  current  control  is  maintained 
with  a  voltmeter  in  parallel  or  an  ammeter  in  series  with  the  bath 
heater)  was  recorded  as  7i,  since  the  bath  temperature  at  this 
stage  was  generally  the  same  as  that  used  in  the  equilibrium  stage. 
As  soon  as  this  voltage  value  was  attained  the  current  through 
the  column  heater  was  gradually  increased  from  zero 
until  the  point  at  which  the  liquid  film  at  the  base  of  the  packed 
section  almost  disappeared.  The  voltage  across  the  column 
heater  at  this  point  was  recorded  as  TV 

Flooding  was  now  accomplished  by  increasing  the  bath  tem¬ 
perature  rapidly  (110  volts  across  the  bath),  the  column  voltage 
being  maintained  at  V2.  When  all  the  packing  had  been  flooded 
the  current  across  the  bath  heater  was  lowered  to  Vu  The  bath 
was  cooled  to  Tx  by  inserting  a  Pyrex  test  tube  containing  cold 
water  into  the  bath,  and  the  bath  surrounding  the  still  pot  was 
lowered  cautiously  in  order  to  allow  the  packed  section  to  drain 
slowly.  There  was  so  little  tendency  for  the  packing  to  dry 
during  the  draining  operation  that  the  bath  frequently  could  be 
removed  completely  until  the  final  traces  of  excess  liquid  had 
drained  into  the  flask. 

When  all  the  excess  liquid  had  drained  from  the  packed  section, 
the  bath  was  raised  again  and  the  bath  temperature  then  regu¬ 
lated  to  give  a  reflux  rate  (condensate  return  from  drip  point  of 
cold  finger)  of  approximately  30  drops  per  minute  (38  to  40  cc. 
per  hour)  for  30  minutes  in  order  to  reach  equilibrium.  Although 
this  period  may  appear  short,  test  runs  at  total  reflux  showed  an 
increase  of  less  than  one  theoretical  plate  (23-plate  column)  when 
the  time  was  extended  to  90  minutes. 

The  actual  fractionation  was  carried  out  either  continuously  or 
in  batches.  In  the  continuous  method,  which  required  careful 
control  of  the  cold-finger  temperature,  distillate  was  collected 
continuously  at  a  rate  of  about  100  to  200  mg. 
per  hour.  In  the  batch  method  100-mg. 
samples  of  distillate  were  collected  every  45 
minutes  by  rapidly  increasing  the  temperature 
of  the  cold  linger.  As  soon  as  the  sample 
appeared  in  the  side  arm  the  cold  finger  was 
cooled  down  to  total-reflux  temperature  again 
and  the  system  permitted  to  attain  equilibrium 
(30  minutes  at  total  reflux) . 

The  column  was  found  to  operate  satisfac¬ 
torily  either  at  atmospheric  or  reduced  pres¬ 
sure,  and  materials  boiling  as  high  as  200°  C.  at 
1  mm.  could  be  distilled  successfully. 

Efficiency  of  the  Column.  The  theo¬ 
retical  plate  values  on  the  column  were  de¬ 
termined  by  use  of  methylcyclohexane-n- 
heptane  mixtures  according  to  the  procedure 
described  by  Ward  (10).  The  liquid  holdup 
was  determined  by  the  method  of  Fenske  (4). 

The  results  of  efficiency  measurements  on  a 
pre-flooded  43-cm.  (5  mm.  in  inside  diameter) 
packed  section  are  shown  in  Table  I. 

The  flood  point  was  found  to  be  slightly 
more  than  110  cc.  per  hour  reflux  (measured 
at  top  of  column).  This  value  was  fairly 


constant  at  atmospheric  or  reduced  pressures  except  where 
the  viscosity  of  the  liquid  was  relatively  high. 

Other  columns,  packed  and  operated  as  described  above  and 
having  efficiencies  of  28  to  45  plates  (length  of  packing,  50 
to  90  cm.,  20  to  36  inches),  have  been  used  extensively  in  these 
laboratories. 

Sample  Fractionation.  Beta-hydroxypropiovanillone  was 
hydrogenated  in  dioxane  solution  over  CuCrO  at  280°  C.  Three 
grams  of  the  product  were  fractionated  in  a  Monel  metal-packed, 
51-cm.  (20.5-inch),  28-plate  column  constructed  as  described 
above.  The  results  are  shown  in  Figure  3.  The  identity  of  the 
products  (3-cyclohexylpropanol-l  and  4-n-propylcyclohexanol) 
was  proved  by  preparation  of  their  phenyl  urethanes.  The  frac¬ 
tionation  conditions  were  as  follows:  distillation  pressure,  20 
mm.;  bath  temperature,  120°  to  150°  C.;  column  temperature, 
70°  to  100°  C.;  reflux  rate  (at  top  of  column)  30  drops  per  min¬ 
ute;  total  pressure  drop  at  the  above  reflux  rate,  0.7  mm.  (0.025 
mm.  per  plate);  flood  point,  110  cc.  per  hour  reflux;  take-off 
rate,  0.2  cc.  per  hour.  When  the  quantity  of  residual,  unfrac¬ 
tionated  material  became  less  than  the  holdup  of  the  column,  it 
was  forced  over  into  the  receiver  (last  point  on  fractionation 
curve)  by  raising  the  column  temperature. 

Summary.  An  efficient,  easily  constructed,  low-holdup 
fractionating  column  having  an  H.  E.  T.  P.  of  1.88  cm.  and  a 
liquid  holdup  of  0.045  cc.  per  plate  is  described.  This  appara¬ 
tus  compares  favorably  with  the  larger,  Purdue  spiral-screen 
column  (6),  but  is  less  efficient  than  the  more  expensive 
Podbielniak  Heli-Grid  column  (<§).  Columns  of  varying 
lengths  (5  mm.  in  diameter)  having  theoretical  plate  values 
from  23  (42.5  cm.,  17  inches)  to  45  (90  cm.,  36  inches)  have 
been  constructed  and  employed  for  the  fractionation  of 
small  quantities  (6  to  15  cc.)  of  liquids  boiling  from  100°  C.  at 
760  mm.  to  200°  C.  at  1  mm. 

Semimicro  Fractionating  Column 

When  wood  meal  is  treated  with  ethanolic  hydrogen  chlo¬ 
ride,  a  portion  of  the  lignin  is  converted  into  a  mixture  of 


Table  I.  Efficiency  Tests  on  43-Cm.  (17-Inch) 
Fractionating  Column 


Reflux  Rate  (at  Top  of  Column) 

Theoretical 

Plates 

H.  E. 

T.  P. 

Operating 

Holdup 

Cc./hour 

Drops/ min. 

Cm. 

Inches 

Cc. /plate 

38.5 

32 

23 

1.88 

0.74 

0.045 

63.0 

52 

19 

2.28 

0.89 

84.0 

70 

17 

2.54 

1.00 

110.0 

92 

15.5 

2.79 

1.10 

0.066 

Fractionation  Curve  of  Products  from  Hydrogenation  of 
/?-Hydroxypropiovanillone 
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Figure  4.  Semimicrocolumn 


relatively  high-boiling  phenols,  ketones,  and  aldehydes  ( 5 ), 
which,  in  the  past,  have  been  laboriously  separated  on  the 
basis  of  their  chemical  properties.  Although  the  applicability 
of  fractional  distillation  to  this  problem  was  considered  fre¬ 
quently,  there  was  no  highly  efficient  apparatus  available 
for  the  fractionation  of  very  small  quantities  (0.5  to  1.5  cc.) 
of  high-boiling  (85°  to  150°  C.  at  1  mm.)  materials.  [Since  this 
article  was  submitted  for  publication  it  has  been  called  to  the 
authors’  attention  that  a  very  efficient  semimicrocolumn  is 
described  in  a  recent  paper  (7).] 

The  development  of  the  packing  described  above,  however, 
led  to  the  construction  of  an  efficient  “semimicro”  fraction¬ 
ating  column  of  simple  design  and  operation  which  has  proved 
to  be  of  great  value  in  the  separation  of  the  phenolic  and 
ketonic  products  obtained  in  the  ethanolysis  of  wood  meal. 
Examples  of  such  fractionations  using  this  semimicrocolumn 
will  appear  in  forthcoming  papers  by  Hibbert  et  al. 

Operation  of  the  Column.  It  is  unnecessary  to  give  a 
detailed  description  of  the  construction  of  the  column  which 
is  shown  in  Figure  4.  The  packing  is  described  in  detail 
above,  and  the  Pyrex  portion  can  be  built  by  the  average 
amateur  glass-blower  from  the  sketch. 

The  operation  of  the  semimicrocolumn,  although  relatively 
simple,  does  require  a  fair  degree  of  care  if  optimum  results 
are  to  be  attained. 

The  liquid  sample  (0.6  to  1.5  cc.)  dissolved  in  a  low-boiling 
solvent  was  placed  in  the  bulb,  A,  together  with  a  wad  of  glass 
wool.  The  side  arm  was  closed  with  a  glass  rod  plug,  B,  as 
shown  in  Figure  4  and  the  solvent  was  removed  at  atmospheric 
pressure.  Until  equilibrium  was  attained  the  procedure  was  the 
same  as  that  described  above — flooding,  draining,  then  slow,  con¬ 
trolled  reflux  for  30  minutes.  The  vapor  was  condensed  for  re¬ 
flux  by  means  of  an  air  jet  directed  on  the  top  of  the  column. 


The  sample-collecting  procedure  was  similar  to  the  “batch” 
method  described  above.  In  order  to  collect  a  fraction,  a  current 
of  approximately  1  ampere  was  sent  through  the  4-ohm  heating 
unit,  C,  in  the  column  head.  As  soon  as  distillate  appeared  in  the 
side  arm  the  current  through  C  was  shut  off,  the  bath  lowered, 
and  the  bath  temperature  raised.  While  the  temperature  of  the 
bath  was  being  raised  to  the  flood  point  the  fraction  was  removed 
from  the  receiver,  D,  as  follows: 

Air  (or  better,  nitrogen)  was  admitted  to  the  system  and  the 
liquid  in  D  removed  through  side  arm  E  to  a  tared  test  tube  with 
the  aid  of  a  clean  medicine  dropper.  The  residual  liquid  in  D  and 
that  remaining  in  the  medicine  dropper  were  washed  into  a  second 
tared  test  tube  by  use  of  a  pure  low-boiling  solvent  (ether  or 
ethanol).  (In  washing  D,  it  was  important  that  some  solvent  be 
forced  back  into  the  column  in  order  to  remove  all  traces  of  the 
first  fraction  from  the  condensing  area.)  After  the  washing  oper¬ 
ation  the  system  was  closed  and  re-evacuated,  the  bath  was 
raised,  and  the  procedure  of  flooding,  draining,  and  refluxing  was 
repeated. 

The  fractions  obtained  by  this  procedure,  using  the  appara¬ 
tus  shown  in  Figure  4,  weighed  approximately  50  mg.  If 
larger  samples  were  desired — e.  g.,  100  mg. — the  procedure 
was  modified  as  follows: 

After  the  first  fraction  had  been  forced  over,  the  current  in  C 
was  shut  off,  but  the  liquid  in  the  pot  was  allowed  to  reflux  at  the 
same  bath  and  column  temperatures  as  were  used  prior  to  the  col¬ 
lection  of  the  first  fraction.  After  refluxing  had  been  continued 
for  about  30  minutes,  a  second  fraction  was  collected  and  the 
total  contents  of  receiver  D  were  removed  as  described  above. 

The  column,  as  shown  in  Figure  4,  was  designed  for  the 
fractionation  of  high-boiling  materials  (85  °  to  150°  C.  at  1  mm.) . 
For  lower-boiling  compounds  (100°  C.  at  760  mm.  to  100°  C.  at 
10  mm.)  it  would  be  necessary  to  modify  the  head  by  re¬ 
moving  the  asbestos  shield  and  to  employ  cooling  (for  total 
reflux)  with  a  current  of  air.  Both  systems  have  been  em¬ 
ployed  successfully  in  these  laboratories.  N o  plate  determina¬ 
tions  have  been  made  on  the  semimicrocolumn,  but  on  the 
basis  of  the  previously  described  determinations  on  this  new 
type  of  packing,  the  column  shown  in  Figure  4  (13-cm.  packed 
section)  should  have  a  7-plate  efficiency. 

These  “semimicro”  columns  are  excellently  suited  for  the 
final  purification  of  “fractions”  obtained  from  the  larger 
columns  described  above.  Frequently  the  “flat”  portion  of 
a  fractionation  curve  (obtained  from  10  to  15  cc.  of  a  mixture) 
contained  traces  of  lower-  and  higher-boiling  impurities  but 
the  total  volume  of  the  fraction  was  too  small  (1  to  3  cc.) 
to  permit  refractionation.  Such  a  material  could  often  be 
purified  readily  by  refractionation  in  the  semimicrocolumn 
with  a  recovery  as  high  as  80  to  90  per  cent. 
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A  Colorimetric  Method  for  the  Determination  of 

Sodium 


ERIC  A.  ARNOLD  AND  ALFRED  R.  PRAY,  Case  School  of  Applied  Science,  Cleveland,  Ohio 


FOLLOWING  the  publication  of  the  method  for  the 
gravimetric  determination  of  sodium  as  a  hydrated 
triple  salt,  NaZn(U02)3(C2H302)9-6H20,  by  Barber  and 
Kolthoff  (I )  and  the  corresponding  magnesium  salt  by  Caley 
and  Foulk  (3),  a  number  of  colorimetric  methods  based  on 
the  color  conferred  on  the  solution  by  the  uranyl  ion  have 
been  described  in  the  literature. 


uranium  tetroxide  found  that  if  a  solution  of  hydrogen  peroxide 
is  added  to  a  solution  containing  the  uranyl  ion,  a  white  amor¬ 
phous  precipitate  forms  which  they  took  to  be  a  hydrated 
uranium  tetroxide.  If,  however,  the  solution  is  first  made 
alkaline  with  sodium  or  ammonium  carbonate  and  the  hydrogen 
peroxide  is  then  added,  a  true  solution  is  formed  which  varies  in 
color  from  an  intense  yellow  to  orange  to  red,  depending  upon 
the  concentration  of  the  uranyl  ion. 


Caley  and  Foulk  suggested  dissolving  the  triple  acetate  in 
water  and  comparing  the  yellowish  solutions  colorimetrically. 
They  mention  that  “best  results  are  obtained  when  the  solutions 
(known  and  unknown)  show  a  fairly  deep  straw  color”.  This  is 
equivalent  to  saying  that  the  sensitivity  is  limited. 

It  has  been  suggested  by  Barrenscheen  and  Messinger  (2)  that 
a  water  solution  of  the  triple  acetate  treated  with  potassium 
ferrocyanide  gives  a  stable  brownish  red  color  due  to  a  potassium 
uranyl  ferrocyanide  which  may  be  used  as  the  basis  of  a  colori¬ 
metric  method.  This  procedure  has  been  criticized  by  several 
authors  on  the  basis  that  the  color  intensity  varies  with  such 
external  conditions  as  temperature  and  excesses  of  reagents. 

Rosenheim  and  Daehr  (4)  while  investigating  the  hydrates  of 


It  occurred  to  one  of  the  authors  that  this  color  might  be 
made  the  basis  of  a  colorimetric  method  for  determining 
sodium. 

This  method  is  basically  only  a  method  for  estimating  the 
triple  acetate  of  sodium  uranyl  and  zinc  or  magnesium  acetate 
and  therefore  assumes  all  of  the  precautions  and  interferences 
of  the  methods  of  Barber  and  Kolthoff  and  of  Caley  and 
Foulk. 

Preliminary  experiments  using  a  Duboscq  colorimeter  indicated 
that  the  intensity  of  color  was  somewhat  dependent  upon  the 
amounts  of  ammonium  carbonate  and  hy¬ 
drogen  peroxide  used. 

At  this  time  a  Coleman  spectropho¬ 
tometer  became  available  and  the  trans¬ 
mission  curves  shown  in  Figure  1  were 
taken.  Curve  A  shows  the  transmission 
of  a  solution  prepared  by  treating  an 
amount  of  the  triple  zinc  acetate  equiva¬ 
lent  to  0.308  mg.  of  sodium,  with  an  ex¬ 
cess  of  3  per  cent  hydrogen  peroxide  and 
saturated  ammonium  carbonate  solutions, 
and  diluting  the  whole  to  25  ml.  Curve  B 
is  the  same  curve  for  a  solution  contain¬ 
ing  an  amount  of  triple  acetate  equiva¬ 
lent  to  1.300  mg.  of  sodium,  again  dilut¬ 
ing  the  whole  to  25  ml.  Both  curves 
show  transmissions  of  suitable  size  for  wave 
lengths  from  5200  A.  to  about  5500  A. 

Therefore,  using  a  30  m/i  fixed  slitoin  the 
spectrophotometer,  a  band  at  5200  A.  was 
chosen  for  all  succeeding  measurements. 

The  procedure  involved  making  a  stand¬ 
ard  triple  acetate  solution  in  a  known 
weight  of  water  and  making  comparison 
solutions  from  this  by  weight.  The  re¬ 
quired  amounts  of  3  per  cent  hydrogen 
peroxide  and  saturated  ammonium  car¬ 
bonate  were  added  and  the  whole  was 
made  up  to  a  volume  of  25  ml.  in  calibrated 
flasks.  It  is  important  to  add  the  am¬ 
monium  carbonate  solution  first,  followed 
by  the  hydrogen  peroxide.  If  the  order 
is  reversed,  the  amorphous  precipitate 
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Table  I.  Effect  of  Ammonium  Carbonate  on 
Transmittance  of  Triple  Acetate  Solutions 


Sodium 

Saturated 

Taken 

(NHrhCOr 

Transmittance 

Mg. 

Ml. 

% 

0.03 

0.5 

71.0 

0.03 

1.0 

84.5 

0.03 

2.0 

95.5 

0.03 

5.0 

97.5 

0.03 

6.0 

99.6 

0.03 

10.0 

99.6 

0.15 

0.5 

50.6 

0.15 

1.0 

55.2 

0.15 

3.0 

58.8 

0.15 

5.0 

58.9 

0.3 

0.5 

13.8 

0.3 

1.0 

14.2 

0.3 

3.0 

14.2 

0.3 

5.0 

14.2 

Table  II.  Effect  of  Hydrogen  Peroxide  on  Transmittance 


of  Triple  Acetate  Solutions 

Sodium 

Taken 

3% 

H2O2 

Transmittance 

Mg. 

Ml. 

% 

0.15 

0.5 

12.7 

0.15 

1.0 

13.7 

0.15 

3.0 

14.8 

0.15 

5.0 

14.9 

0.03 

0.5 

58.6 

0.03 

1.0 

63.8 

0.03 

5.0 

63.8 

referred  to  by  Rosenheim  and  Daehr  tends  to  form.  Because 
the  ordinary  hydrogen  peroxide  of  commerce  stabilized  with  acet¬ 
anilide  was  not  satisfactory,  a  fresh  3  per  cent  solution  of  this 
reagent  was  made  each  time  by  diluting  30  per  cent  perhydrol. 

Table  I  shows  the  effect  of  ammonium  carbonate  on  the 
color.  It  can  be  seen  that  the  transmittance  varies  somewhat 
with  the  amount  of  ammonium  carbonate,  but  for  the  amounts 
of  sodium  taken  for  ordinary  determinations,  6  ml.  of  a 
saturated  solution  seemed  to  be  a  sufficient  excess  to  develop 
maximum  color  rapidly. 

Table  II  shows  the  corresponding  variation  for  the  number 
of  milliliters  of  3  per  cent  hydrogen  peroxide.  The  standard 
conditions  were  then  chosen  to  give  sufficient  excess  of  each 
reagent — namely,  6  ml. 

The  following  experiments  were  run  to  test  the  fading  of 
the  color: 

The  proper  amounts  of  the  stock  solution  of  the  triple  acetate 
were  weighed  into  25-ml.  volumetric  flasks,  to  each  flask  sepa¬ 
rately  the  ammonium  carbonate  and  hydrogen  peroxide  were 
added,  the  solution  wras  diluted  to  volume  and  the  color  com¬ 
parison  was  made  immediately.  About  5  minutes  were  required 
for  this  and  for  the  necessary  adjustments  on  the  spectropho¬ 
tometer,  so  that  the  readings  taken  at  zero  time  were  in  error  about 
5  minutes. 


Table  III.  Effect  of  Time  on  Transmittance  of  Triple 


Sodium 

Acetate  Solutions 

Time  after 
Development 

Transmittance 

Mg. 

Hour 

% 

0.22 

0 

75.2 

2 

75.1 

0.55 

0 

51.2 

0.88 

2 

51.1 

0 

35.8 

1.02 

2 

35.9 

0 

30.9 

1.40 

2 

30.8 

0 

21.2 

1 

21.3 

1.66 

21 

21.5 

0 

17.2 

1 

17.3 

1.90 

21 

17.4 

0 

15.2 

1 

15.0 

2.09 

21 

15.1 

0 

12.3 

1 

12.1 

21 

11.8 

Table  III  shows  the  effect  of  time  on  the  per  cent  trans¬ 
mittance.  Within  the  time  necessary  to  make  a  colorimetric 
determination,  there  is  no  appreciable  fading.  This  appears 
to  be  true  in  spite  of  the  fact  that  on  standing  for  some  time, 
the  decomposition  of  the  hydrogen  peroxide  is  evidenced  by 
the  appearance  of  bubbles  in  the  solution.  But  after  shaking 
to  remove  the  bubbles,  the  transmittance  appears  to  be  un¬ 
changed  when  measured  in  the  spectrophotometer. 

An  attempt  was  made  to  determine  the  minimum  amount 
of  sodium  distinguishable  by  this  -method,  by  making  a 
number  of  pairs  of  solutions  from  the  stock  solution  which 
differed  from  each  other  by  only  small  amounts  of  sodium. 
Table  IV  shows  some  of  these  results.  As  the  transmittance 
decreases  the  sensitivity  decreases  but,  by  choosing  a  more 
appropriate  wave  band  for  the  redder  colors,  this  could  be 
improved. 


Table  IV.  Sensitivity  of  Colorimetric  Method 


Sodium 

Transmittance 

Mg. 

% 

0.308 

63.2 

0.316 

67.8 

Difference 

0.008 

4.6 

0.675 

47.2 

0.686 

48.3 

Difference 

0.011 

1.1 

1.24 

23.2 

1.25 

23.8 

Difference 

0.01 

0.6 

Figure  2  shows  the  logarithm  of  the  transmittance  and 
Table  V  shows  the  data  from  which  this  curve  was  obtained. 

The  few  samples  on  which  this  method  was  tried  out  gave 
excellent  results,  as  shown  by  Table  VI. 


Figure  2 
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Table  V. 

Transmittance 

Sodium 

Transmittance  Sodium  Transmittance 

Mg. 

% 

Mg. 

% 

0.223 

75.2 

1.30 

23.2 

0.308 

63.2 

1.40 

21.2 

0.548 

51.2 

1.66 

17.2 

0.879 

35.8 

1.90 

15.1 

1.02 

30.9 

2.09 

12.3 

Table  VI.  Experimental  Results 

NasO 

NaaO 

Sample 

Present 

Found 

% 

% 

B.  S.  flint  clay  97 

0.33 

0.33 

B.  S.  feldspar 

70 

2.38 

2.36 

B.  S.  opal  glass  91 

8.48 

8.47 

A  few  experiments  showed  that  the  triple  magnesium 
acetate  gave  similar  results,  but  no  particular  advantages 
were  noted. 

Summary 

A  colorimetric  method  for  sodium  has  been  developed 
which  depends  on  treating  a  solution  of  the  triple  acetate, 


precipitated  by  the  method  of  Barber  and  Kolthoff  or  of 
Caley  and  Foulk,  with  an  excess  of  ammonium  carbonate 
and  hydrogen  peroxide  which  develops  an  orange  to  red 
colored  solution.  When  using  a  narrow  wave  band  this  color 
is  proportional  to  the  concentration  of  sodium  ion  in  solution. 
The  transmittance-concentration  curve  for  these  solutions 
has  been  run  over  the  spectral  range  from  3700  A.  to  7700  A. 
A  wave  band  of  5200  A.  was  chosen  for  this  comparison. 
Various  factors  affecting  the  stability  of  the  color  were  in¬ 
vestigated  and  are  reported. 
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A  Molecular  Still  Designed  for  Small  Charges 

JOHN  R.  MATCHETT1  AND  JOSEPH  LEVINE,  U.  S.  Bureau  of  Narcotics  Laboratory,  Washington,  D.  C. 


THE  active  principle  of  marihuana  is  contained  in  a 
viscous,  high-boiling  oily  mixture,  the  active  com¬ 
ponents  of  which  have  not  as  yet  been  obtained  in  crystalline 
form  (except  cannin,  1). 

In  working  with  material  of  this  character,  it  is  frequently 
desirable  to  distill  small  amounts  of  it  under  high  vacuum, 
either  for  the  purpose  of  fractionating  or  simply  to  separate 
it  from  nonvolatile  matter. 

The  still  described  herein  was  devised  to  afford  a  con¬ 
venient  means  for  carrying  out  this  operation.  With  the 
dimensions  indicated,  it  has  proved  satisfactory  for  distilling 
from  0.25  to  5  grams  of  oil.  Two  fractions  of  distillate  may 
be  collected  and  the  still  residue  need  not  exceed  0.15  gram. 
Transfer  losses  are  avoided,  since  the  distillate  is  collected 
directly  in  tubes  in  which  it  may  be  retained  until  used  in 
subsequent  operations.  It  does  not  pass  through  any  ground 
joints,  thus  avoiding  the  possibility  of  contamination  with 
lubricant. 

No  provision  has  been  made  for  determination  of  the  dis¬ 
tillation  temperature.  In  distillations  of  this  type,  ebullition 

1  Present  address,  Western  Regional  Research  Laboratory,  Albany,  Calif. 


does  not  take  place.  The  temperature  is  not  a  constant,  but 
a  variable  related  to  the  pressure  and  the  rate  of  distillation; 
hence  it  is  more  satisfactory  to  characterize  products  by 
such  properties  as  refractive  index,  rotation,  and  the  like. 

Apparatus 

The  apparatus  is  illustrated  in  the  accompanying  figure.  It 
consists  of  a  35-mm.  tube,  A,  175  mm.  in  length,  through  which  a 
14-mm.  tube,  B,  is  sealed  so  that  its  axis  lies  about  6  mm.  above 
that  of  the  outer  tube,  A.  The  still  pot,  C,  is  formed  by  two 
transverse  creases,  D,  in  the  outer  tube,  45  mm.  from  each  end, 
extending  to  within  3  mm.  of  the  central  tube.  To  the  end 
chambers  formed  by  the  creases  are  sealed  24/40  f  ground  joints, 
E,  in  which  the  receivers,  F,  are  supported  as  indicated,  by  suitable 
lengths  of  glass  tubing.  To  the  central  tube  are  sealed,  as 
illustrated,  lengths  of  glass  rod,  G,  leading  from  a  point  outside  the 
transverse  creases,  but  as  near  them  as  possible,  to  a  point  from 
which  distillate  will  drip  directly  into  the  receivers.  Filling  and 
cleaning  are  provided  for  by  a  tube,  H,  bearing  a  24/40  1“  joint 
sealed  to  the  top  of  the  still.  From  the  closure  of  this  tube  a 
length  of  8-mm.  tubing,  7,  leads  to  the  vacuum  system. 

Construction  of  the  device  involves  considerable  strains  in  the 
glass  and  the  annealing  accordingly  must  be  thorough.  The 
authors  have  found  an  ordinary  muffle  furnace  convenient  for  the 
purpose. 


Operation 

In  operation  a  suitable  charge  is  placed  in  the  still  pot,  and  the 
apparatus  is  set  level  and  gradually  evacuated  while  the  charge  is 
gently  warmed.  After  thorough  degassing,  the  still  is  tipped  (£) 
a  little  toward  one  end,  full  vacuum  is  applied,  and  the  charge  is 
heated  until  distillation  proceeds  at  a  suitable  rate.  Distillate 
accumulates  on  the  condenser  and  follows  it  to  the  sealed-on  glass 
rod,  whence  it  is  diverted  to  the  receiver.  The  condenser  is 
maintained  at  such  a  temperature  that  distillate  flows  along  it 
smoothly  and  does  not  tend  to  form  large  drops  which  might  fall 
off  outside  the  still  pot  but  before  reaching  the  tip  which  carries 
it  to  the  receiver.  After  one  fraction  has  been  collected,  the  still 
is  tipped  toward  the  other  end  and  the  second  fraction  collected 
in  the  same  way. 

The  still  has  been  successfully  heated  by  means  of  a  small  flame 
placed  some  distance  below  it.  A  properly  designed  electric 
heater  might  prove  more  satisfactory. 
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Determining  Magnesium  in  Plants  and  Soils 

Adaptation  of  the  8-Hydroxyquinolate  Micromethod 

MARTIN  E.  WEEKS  AND  JACK  R.  TODD 
Kentucky  Agricultural  Experiment  Station,  Lexington,  Ky. 


THE  use  of  8-hydroxyquinoline  in  the  precipitation  and 
determination  of  magnesium  has  received  considerable 
attention,  particularly  since  several  micromethods  for  the 
estimation  of  hydroxyquinolate  have  been  found  satisfactory 
( 1 ,  4,  5,  9).  The  general  methods  of  estimation  include  oxi¬ 
dation  with  hexanitrato-cerate  in  perchloric  acid  solution  and 
color  reactions  involving  the  use  of  ferric  salts  or  the  Folin 
phenol  reagent.  A  comparison  of  certain  of  these  methods  of 
estimation  has  recently  been  reported  by  Gerber  et  al.  ( 1 ). 
Magnesium  hydroxyquinolate  has  a  constant  composition 
and  is  very  sensitive  if  interfering  ions  are  eliminated. 

The  determination  of  magnesium  as  the  phosphate  proved 
entirely  unsatisfactory  in  a  system  of  soil  and  plant  analysis 
involving  use  of  the  more  rapid  and  sensitive  micromethods 
and  for  this  reason  several  of  the  hydroxyquinolate  proce¬ 
dures  were  studied  (5).  Preliminary  studies  using  plant  ash 
and  synthetic  solutions  indicated  that  the  hydroxyquinolate 
method  is  sensitive  at  low  magnesium  concentrations,  even 
in  the  presence  of  considerable  amounts  of  ammonium  salts. 
However,  great  care  is  necessary  for  best  results,  and  certain 
precautions  must  be  rigidly  observed.  Consequently  the 
procedure  adopted  is  given  in  considerable  detail  and  reasons 
for  certain  precautions  are  indicated. 

Preparation  of  Solution 

Plant  Material.  Oxidize  2  grams  of  the  air-dry  material, 
ground  to  pass  a  No.  20  A.  S.  T.  M.  screen,  in  a  100-ml.  beaker 
by  the  method  of  Gieseking  et  al.  (8).  For  ordinary  plant  mate¬ 
rial  it  is  not  necessary  to  treat  with  nitric  acid  before  adding  the 
mixed  nitric  and  perchloric  acid  solutions.  Oily  seeds,  such  as 
corn  grain  may  be  safely  oxidized  with  perchloric  acid  if  the  follow¬ 
ing  procedure  is  used. 

Dry  20  grams  of  the  material  at  100°  C.  and  extract  several 
times  with  anhydrous  ether  to  remove  fatty  substances  that 
would  react  too  violently  with  perchloric  acid.  Treat  the  ex¬ 
tracted  material  in  a  600-ml.  beaker  on  a  steam  hot  plate  with 
20  ml.  of  concentrated  nitric  acid.  If  considerable  frothing  oc¬ 
curs,  stir  vigorously  a  few  times  with  a  stirring  rod.  After  a 
minute  or  two  when  reaction  subsides  somewhat,  cover  with  a 
watch  glass  to  prevent  too  rapid  evaporation  and  allow  the  mix¬ 
ture  to  evaporate  to  a  thick  yellow  paste.  Add  30  to  40  ml.  more 
of  nitric  acid  and  leave  on  the  steam  plate  several  hours  or  over¬ 
night.  Take  up  the  residue  with  20  ml.  of  a  mixture  of  2  parts  of 
nitric  acid  and  1  part  of  perchloric  acid,  transfer  to  a  gas  or  elec¬ 
tric  hot  plate,  and  heat  carefully  at  140°  to  160°  C.  until  the  solu¬ 
tion  becomes  clear.  If  the  material  becomes  dark  brown  or 
black  during  this  heating,  add  more  nitric  acid,  a  few  milliliters 
at  a  time.  Usually,  however,  the  solution  boils  down  gently  and 
clears  up  without  trouble. 

After  the  solution  clears,  remove  the  watch  glass  and  allow 
most  of  the  excess  perchloric  acid  to  evaporate.  Take  up  the 
residue  in  10  ml.  of  1  to  1  hydrochloric  acid,  heat  on  the  steam 
hot  plate  for  20  minutes,  and  filter  through  a  close-textured  filter 
paper.  Wash  the  filter  six  times  with  hot  10  per  cent  hydro¬ 
chloric  acid  and  three  or  four  times  with  water.  Transfer  the 
filtrate  to  a  50-ml.  volumetric  flask,  dilute  to  volume,  and  mix 
thoroughly.  Take  measured  portions  of  this  solution  for  analy¬ 
sis. 

Soil.  Several  common  methods  employed  in  soil  analysis  for 
obtaining  solutions  of  total  and  replaceable  bases  have  been  used 
and  will  not  be  described  in  detail.  After  the  solution  is  taken 
to  dryness  to  destroy  organic  matter  or  dehydrate  silica,  the 
residue  is  taken  up  with  10  ml.  of  1  to  1  hydrochloric  acid  in  the 
same  way  as  described  for  plant  materials,  filtered,  and  trans¬ 
ferred  to  a  50-ml.  volumetric  flask. 


Reagents  and  Solutions 

Quinolate  Reagent.  Dissolve  1  gram  of  8-hydroxy  quino¬ 
line  in  50  ml.  of  95  per  cent  alcohol.  Prepare  fresh  every  2  or  3 
days.  One  milliliter  of  this  solution  will  precipitate  approxi¬ 
mately  1.5  mg.  of  magnesium. 

Ferric  Chloride-Acetic  Acid  Reagent.  Dissolve  exactly 
10  grams  of  ferric  chloride  hexahydrate  in  2  liters  of  water  con¬ 
taining  10  ml.  of  glacial  acetic  acid. 

Wash  Solution.  Mix  1  part  of  95  per  cent  alcohol  and  1  part 
of  10  per  cent  ammonium  hydroxide.  Keep  in  a  well-stoppered 
bottle. 

Standard  Magnesium  Sulfate  Solution.  Dissolve  in  dis¬ 
tilled  water  12.038  grams  of  magnesium  sulfate  that  have  been  re¬ 
crystallized  from  A.  C.  S.  grade  magnesium  sulfate  heptahydrate 
and  dehydrated  at  a  temperature  above  200°  C.,  and  dilute  to  2 
liters.  This  solution  after  mixing  is  0.1  N.  A  0.01  N  solution  is 
prepared  by  diluting  50  ml.  of  the  standard  solution  to  500  ml. 

Precipitation  of  Magnesium 

Transfer  a  measured  portion  of  the  solution  to  be  analyzed 
containing  0.1  to  0.7  mg.  of  magnesium  to  a  15-ml.  conical  cen¬ 
trifuge  tube,  add  5  drops  of  glacial  acetic  acid  and  1  drop  of 
methyl  red  indicator,  and  mix  thoroughly.  If  the  tube  is  not 
over  half  full,  mixing  can  be  effected  most  rapidly  by  holding  the 
tube  near  the  top  firmly  between  the  thumb  and  forefinger  of  one 
hand  while  the  fingers  of  the  other  hand  are  flipped  rapidly  against 
the  bottom  of  the  tube.  Add  1  to  1  ammonium  hydroxide  care¬ 
fully  from  a  buret  with  frequent  mixing  until  the  solution  turns 
from  red  to  a  very  faint  red  or  pink  (not  yellow)  corresponding  to 
about  pH  6.0.  Add  2  or  3  drops  of  dilute  1  to  4  acetic  acid  to 
give  a  more  distinct  red.  The  solution  should  finally  be  be¬ 
tween  pH  5.0  and  5.3.  Add  3  drops  of  hydroxyquinolate  re¬ 
agent,  mix,  and  place  the  tube  in  a  beaker  of  hot  water  for  10  to 
15  minutes  to  precipitate  iron  and  aluminum.  Centrifuge  while 
still  hot  at  2000  r.  p.  m.  for  10  minutes  and  pour  the  supernatant 
liquid  carefully  into  a  second  15-ml.  centrifuge  tube.  Wash  the 
sides  of  the  first  tube  carefully  with  a  thin  stream  of  warm  water 
from  a  2-ml.  pipet,  stir  up  the  precipitate  by  the  method  de¬ 
scribed  above,  centrifuge,  and  transfer  the  washings  to  the  second 
tube. 

To  precipitate  calcium  add  1  ml.  of  a  saturated  solution  of  am¬ 
monium  oxalate  to  the  second  tube  and  mix  thoroughly.  Place 
the  tube  upright  in  a  beaker  of  hot  water  and  heat  on  a  steam 
hot  plate  for  30  minutes.  Remove  the  tube  from  the  beaker  and 
place  it  in  a  rack  to  stand  2  to  4  hours.  Add  5  or  6  drops  of  95 
per  cent  alcohol  to  the  tube  to  break  up  any  film  of  calcium  oxa¬ 
late  that  might  have  formed  at  the  liquid  surface  and  centrifuge 
for  10  minutes  at  2000  r.  p.  m.  Transfer  the  supernatant  liquid 
containing  magnesium  to  a  third  15-ml.  conical  centrifuge  tube 
by  carefully  pouring  it  over.  Wash  the  calcium  oxalate  precipi¬ 
tate  twice  with  2-ml.  portions  of  the  alcohol-ammonia  wash  solu¬ 
tion,  using  the  same  procedure  as  for  the  iron  and  aluminum  pre¬ 
cipitate.  Centrifuge  and  add  the  washings  to  the  tube  contain¬ 
ing  the  magnesium  solution.  If  desired,  calcium  may  be  deter¬ 
mined  in  the  usual  way. 

To  the  solution  in  the  third  tube,  add  0.5  ml.  of  hydroxyquino¬ 
late  reagent,  or  if  more  than  0.7  mg.  of  magnesium  is  present,  use 
1  ml.  Stir  thoroughly,  this  time  with  a  stirring  rod,  since  the 
tube  is  too  nearly  full  to  mix  in  the  usual  way.  Add  2  ml.  of 
concentrated  ammonia,  stir  thoroughly,  remove  the  stirring  rod, 
and  wash  it  with  a  fine  stream  of  water.  When  precipitation 
starts,  usually  within  a  minute  or  two,  cover  the  surface  of  the 
liquid  with  a  layer  of  alcohol  1  cm.  thick.  Put  the  tube  in  a 
beaker  of  hot  water  and  place  on  the  steam  hot  plate  for  20 
minutes.  Remove  the  tube  from  the  hot  water  bath,  stopper 
with  a  No.  1  rubber  stopper,  and  place  in  a  rack  to  stand  1  to  2 
hours  or  overnight  if  convenient.  Be  sure  the  layer  of  alcohol 
does  not  evaporate  entirely;  this  is  important  because  the  mag¬ 
nesium  hydroxyquinolate  precipitate  has  a  strong  tendency  to 
creep  up  the  sides  of  the  glass  and  form  a  film  at  the  surface  of 
the  liquid  that  will  not  centrifuge  down. 
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Figure  1.  Concentration  Curve  for  Magnesium 

In  acetic  acid  solution  of  magnesium  hydroxy quinolate.  Wave 
length  650  mu,  entrance  slit  1.5  mm.,  exit  slit  5  m/z,  cell  length  1  cm. 


Centrifuge  at  2000  r.  p.  m.  for  10  minutes  and  draw  off  the 
liquid  with  gentle  suction,  using  a  tube  with  the  tip  drawn  out  to 
a  capillary  and  turned  up  about  1  to  2  mm.,  so  that  the  liquid 
can  be  drawn  off  without  disturbing  the  precipitate.  Wash  the 
precipitate  twice  with  2-ml.  portions  of  the  alcohol-ammonia 
wash  solution,  covering  the  suspension  each  time  with  a  layer  of 
alcohol.  Centrifuge  and  draw  off  the  supernatant  liquid  as  de¬ 
scribed  above.  Dry  the  precipitate  carefully  for  a  few  minutes  by 
placing  the  tube  in  a  beaker  of  hot  water  on  a  steam  hot  plate, 
but  do  not  leave  so  long  that  the  precipitate  becomes  hard  and 
dissolves  too  slowly.  Remove  from  the  steam  bath,  add  10  ml. 
of  the  ferric  chloride-acetic  acid  reagent  to  the  tube,  and  break 
up  the  precipitate  with  a  small  glass  stirring  rod  to  hasten  solu¬ 
tion,  or  stopper  and  shake  vigorously.  Solution  is  ordinarily 
complete  and  full  color  developed  in  about  0.5  hour. 

Transfer  an  appropriate  portion,  usually  2  ml.,  of  the  colored 
solution,  to  a  test  tube,  dilute  with  10  ml.  of  the  ferric  chloride- 
acetic  acid  reagent,  mix,  and  determine  the  light  transmission  by 
means  of  a  photoelectric  colorimeter  or  spectrophotometer  (a 
Cenco-Sheard  spectrophotelometer  was  used  in  this  study). 
From  the  transmission  value  determine  the  magnesium  content 
by  a  standard  curve  prepared  by  precipitating  1-  to  10-ml.  por¬ 
tions  of  a  0.01  N  magnesium  sulfate  solution  by  the  method  de¬ 
scribed  above. 

A  standard  curve  at  a  wave  length  of  650  millimicrons  is 
shown  in  Figure  1.  The  percentage  of  magnesium  in  an  un¬ 
known  sample  is  calculated  by  picking  the  amount  of  mag¬ 
nesium  in  micrograms  from  the  curve  corresponding  to  the 
per  cent  transmission  and  applying  the  following  formula: 

Micrograms  X  dilution  , 

Weight  of  sample  X  1,000,000  X  100  =  per  Cent  maSnesium 

Figure  2  shows  a  light-absorption  curve  for  the  color  de¬ 
veloped  by  magnesium  hydroxy  quinolate  in  ferric  chloride- 
acetic  acid  solution.  In  this  curve  values  for  specific  extinc¬ 
tion  are  plotted  against  wave  length  in  millimicrons.  The 
following  application  of  the  Beer-Lambert  law  was  used  (2, 
page  75): 


where 
70  and  I 

k 

c 

l 

K 


intensity  of  light  at  a  given  wave  length  transmitted 
by  solvent  and  solution,  respectively 
specific  extinction 

concentration  of  magnesium  in  mg.  per  ml. 
length  of  cell  in  cm. 
extinction  coefficient 


This  curve  shows  maximum  light  absorption  at  a  wave 
length  of  660  millimicrons  with  a  secondary  maximum  at  460 
millimicrons.  These  maxima  have  been  found  to  hold  at 
widely  different  concentrations.  Agreement  with  Beer’s  law 
is  indicated  in  Figure  1,  where  extinction  coefficients  or  K 
values  are  plotted  against  concentration.  In  this  case  a  line 
passing  through  the  origin  falls  on  or  very  near  to  all  points 
from  1  to  10  micrograms  per  milliliter. 

The  values  for  maximum  absorption  obtained  in  this 
study  do  not  agree  exactly  with  those  reported  by  Gerber 
et  al.  ( 1 ),  who  found  maxima  at  650  and  425  millimicrons. 
The  discrepancies  in  these  values  may  be  due  to  one  or  all  of 
the  following  reasons:  differences  in  the  width  of  the  wave 
band  used,  calibration  of  the  instrument  to  proper  wave 
lengths,  or  differences  in  the  concentration  of  iron  chloride. 
In  the  “spectrophotelometer”  used  in  this  study,  a  1-mm. 
entrance  slit  and  2.5-millimicron  exit  slit  was  used.  At  this 
setting,  owing  to  the  side  bands  of  light  from  the  entrance  slit, 
the  total  wave  band  isolated  is  6.5  millimicrons  in  width 
(i 6 ).  The  instrument  was  calibrated  from  time  to  time  with 
a  fluorescent  lamp  at  a  wave  length  of  546  millimicrons.  It 
was  found  in  early  work  with  this  method  that  the  concen- 


Table  I.  Effect  of  Phosphate  Ion  on  Precipitation  of 
Magnesium  by  8-Hydroxyquinoline 

Light  Transmission,  Wave  Length 
650  Millimicrons 


0.01  N 
MgSOr 

No 

phosphorus 

0 . 6  mg.  of 
phosphorus 

Difference 

Ml. 

% 

% 

% 

1 

78.5 

77.0 

-1.9 

2 

59.7 

59.5 

-0.3 

3 

46.5 

46.8 

+  0.6 

5 

28.5 

28.0 

-1.8 

7 

18.2 

18.0 

-1.1 

WAVE  LENGTH  IN  MILLIMICRONS 

Figure  2.  Light  Absorption  Curve  for  Magnesium 
Quinolate 

l-cm.  cell  with  1-mm.  entrance  slit  and  2.5  m/i  exit  slit 
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tration  of  iron  chloride  in  the  reagent  has  a  great  effect  on  the 
color  produced.  This  effect  is  of  sufficient  importance  to 
necessitate  some  care  in  preparing  the  ferric  chloride-acetic 
acid  reagent.  Each  lot  of  ferric  chloride  should  be  checked 
and  kept  tightly  covered  when  not  in  use  to  prevent  change  in 
moisture  content. 

The  concentration  curves  used  in  this  work  were  drawn  at 
650  and  560  millimicrons.  At  these  wave  lengths  it  was  un¬ 
necessary  to  use  the  red  filter  to  prevent  stray  light  in  the  in¬ 
strument,  and  reference  readings,  70  values,  of  100  per  cent 
were  more  easily  obtained. 

Interfering  Substances 

The  important  cations  interfering  in  the  precipitation  of 
magnesium  hydroxyquinolate  are  iron,  aluminum,  and  calcium. 
Iron  and  aluminum  are  usually  separated  by  ammonium  hy¬ 
droxide  or  ammonium  acetate  at  about  pH  6.2.  It  was  found, 
however,  that  these  ions  could  be  separated  most  easily  and 
completely  by  precipitation  with  8-hydroxyquinoline  in  ace¬ 
tic  acid  solution  at  about  pH  5.3.  Calcium  is  completely 
separated  as  the  oxalate  and  thus  eliminated.  Since  the  pro¬ 
cedure  does  not  remove  the  phosphate  ion,  an  experiment  was 
set  up  to  find  out  whether  this  ion  interferes  in  the  precipita¬ 
tion.  Two  sets  of  standard  magnesium  solutions  were  pre¬ 
pared:  one  with  and  one  without  the  addition  of  0.6  mg.  of 
phosphorus,  corresponding  to  the  maximum  amounts  present 
in  ordinary  analysis.  Magnesium  was  precipitated  in  both 
sets.  The  results  shown  in  Table  I  indicate  that  the  phos¬ 
phate  ion  has  little  if  any  effect  on  the  quantitative  precipita¬ 
tion  of  magnesium  quinolate.  In  all  but  one  instance  (values 
for  1  ml.  of  0.01  N  magnesium  sulfate)  differences  were  con¬ 
sidered  within  the  limit  of  error  at  the  time  the  experiment 
was  conducted.  The  effect  of  the  0.6  mg.  of  phosphorus  on 
the  precipitation  of  magnesium  at  low  concentrations  was  re¬ 
checked  at  a  wave  length  of  560  millimicrons,  so  values  are  not 
strictly  comparable  with  those  given  in  Table  I,  but  at  this 
wave  length  the  values  agreed  within  0.5  per  cent.  It  is  true, 
however,  that  where  1.2  mg.  of  phosphorus  were  added,  the 
precipitation  of  magnesium  in  amounts  below  0.1  mg.  was 
retarded.  This  is  not  considered  particularly  important 
since  0.1  mg.  is  at  the  lowest  magnesium  level  for  the  accuracy 
of  the  method  and  the  phosphorus  level  is  higher  than  is  nor¬ 
mally  encountered  in  ordinary  analysis. 


Table  II.  Recovery  of  Added  Magnesium  in  Wheat  Tops 

(0. 103  mg.  of  magnesium  added) 


Sample 

Found  in 

Theoreti¬ 

cally 

Actually 

Recovery  of 

No. 

Sample 

Present 

Determined 

Added  Magnesium 

Mg. 

Mg. 

Mg. 

Mg. 

% 

74 

0.433 

0.536 

0.537 

0.104 

101 

75 

0.406 

0.509 

0.514 

0.108 

105 

76 

0.413 

0.516 

0.510 

0.097 

94 

77 

0.459 

0.562 

0.554 

0.095 

92 

78 

0.459 

0.562 

0.562 

0.103 

100 

79 

0.434 

0.537 

0.535 

0.101 

98 

80 

0.400 

0.503 

0.513 

0.113 

110 

81 

0.469 

0.572 

0.570 

0.101 

98 

82 

0.462 

0.565 

0.564 

0.102 

99 

83 

0.429 

0.532 

0.533 

0.104 

101 

Accuracy  of  the  Method 

The  method  was  checked  for  accuracy  in  three  ways. 

1.  Known  amounts  of  magnesium  sulfate  were  added  to  one 
of  duplicate  portions  of  solution  from  ten  ashed  samples  of  wheat 
tops  grown  in  a  greenhouse  experiment,  and  after  determining 
magnesium  in  these  aliquots,  the  percentage  recovery  was  cal¬ 
culated.  The  recovery  averaged  99.7  per  cent  for  the  ten 
samples.  The  data  are  presented  in  Table  II. 


2.  Seventeen  samples  of  corn  grain  were  analyzed  for  magne¬ 
sium  by  the  above  method  and  by  a  phosphate  method  similar  to 
that  described  by  Wall  (7).  A  comparison  of  the  results  by  the 
two  methods  indicates  that  the  8-hydroxyquinoline  method  gave 
an  average  magnesium  content  for  all  samples  slightly  higher 
than  the  phosphate  method.  The  averages  for  the  two  methods 
were  0.113  and  0.111  per  cent,  respectively.  The  maximum  dif¬ 
ference  between  the  methods  for  any  one  sample  was  12  per  cent 
and  four  of  the  seventeen  samples  gave  differences  greater  than 
3.8  per  cent.  These  results  are  based  on  single  determinations. 

3.  The  base-exchange  capacities  of  two  soils  were  determined 
by  saturating  them  with  magnesium  and  measuring  the  amount 
of  this  ion  taken  up  by  the  exchange  complex  after  replacing  with 
ammonium  acetate  and  determining  magnesium  in  the  extracts 
by  both  the  quinolate  and  phosphate  methods.  The  base- 
exchange  capacities  of  these  soils  had  previously  been  determined 
by  the  calcium  absorption  method. 

The  results  obtained  by  the  three  methods  are  shown  in 
Table  III.  Good  agreement  was  obtained  in  all  cases,  with 
the  possible  exception  of  the  value  8.6  obtained  by  the  mag¬ 
nesium  phosphate  method,  and  this  value  is  within  5  per 
cent.  All  values  are  an  average  of  duplicate  determinations. 

The  method  has  been  used  by  two  analysts  in  determining 
the  magnesium  content  of  several  hundred  samples  of  plant 
material  and  soil  extracts.  In  most  of  these  a  difference  of 
6  per  cent  between  duplicate  determinations  was  allowed. 
It  was  found  necessary  on  the  average  to  rerun  one  sample  in 
twenty.  The  average  difference  between  duplicates  was 
within  2.5  per  cent. 


Table  III.  Base-Exchange  Capacities  of  Two  Soils  De¬ 
termined  by  Calcium  and  Magnesium  Absorption  Methods 

- - Base-Exchange  Capacity - . 

Calcium  Magnesium  Magnesium 

determined  determined  determined 

Soil  Type  as  oxalate  as  quinolate  as  phosphate 

M.  e.  per  100  grams  of  soil 

Maury  silt  loam  17.6  17.7  17.5 

Unclassified  silt  loama  8.2  8.2  8.6 

a  From  Berea  Soil  Experiment  Field. 


Summary 

A  micromethod  for  magnesium  based  on  precipitation  with 
8-hydroxyquinoline  was  studied  and  adapted  to  the  deter¬ 
mination  of  this  element  in  soils  and  plant  materials.  Pre¬ 
cipitation  and  determination  were  found  to  be  most  satisfac¬ 
tory  and  reproducible  when  the  amount  of  magnesium  pres¬ 
ent  in  the  test  solution  ranged  between  0.1  and  0.7  mg.  Mag¬ 
nesium  was  accurately  estimated  by  the  green  color  of  iron 
hydroxyquinolate  in  acetic  acid  solution.  The  method  is 
capable  of  a  high  degree  of  accuracy  and  reproducibility. 
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THE  difficulties  inherent  in  the  titration  of  minute 
amounts  of  the  higher  fatty  acids  with  alkali  arise  from 
two  main  sources:  The  end  point,  on  the  alkaline  side  of 
neutrality,  is  affected  by  absorbed  carbon  dioxide;  this  is 
particularly  manifest  when  dilute  reagents  are  used.  The 
tint  of  the  indicator  at  the  end  point  is  dependent  upon  the 
composition  of  the  solvent,  which  is  usually  an  alcohol-water 
mixture. 


Table  I.  Duplicate  Standardizations  of  Alcoholic  Alkali 
against  Stearic  Acid  on  Three  Successive  Days 


Stearic  Acid 

Mg. 

Displacement 

Mm. 

Normality 

A 

16.543 

10.80 

0.1699 

10.056 

6 . 56 

0.1700 

B 

13.679 

9.34 

0.1625 

13.999 

9 . 54 

0.1628 

C 

13.131 

9.06 

0.1608 

13.092 

8.99 

0.1615 

In  an  attempt  to  minimize  these  difficulties,  samples  of  fatty 
acids  weighing  8  to  20  mg.  have  been  satisfactorily  titrated, 
using  relatively  small  volumes  of  fairly  concentrated  alkali 
(0.16  A).  Both  the  acid  and  alkali  were  dissolved  in  90  per 
cent  methanol,  to  obviate  any  variation  in  the  composition  of 
the  solvent.  a-Naphtholphthalein  (3),  0.5  per  cent  solution  in 
methanol,  has  proved  a  satisfactory  indicator,  and  a  micrometer- 
driven  microburet  of  the  type  described  by  Scholander  (2)  has 
been  used  to  deliver  the  alkali.  The  titration  mixture  was  stirred 
by  means  of  a  long  stainless  steel  wire  fastened  to  the  blade  of 
an  electric  buzzer. 

Alkali,  approximately  0.16  A, 
was  prepared  by  dissolving  ap¬ 
propriate  amounts  of  solid  sodium 
hydroxide  in  freshly  boiled  90  per 
cent  methanol.  This  solution  was 
well  mixed  and  then  allowed  to 
stand,  to  permit  settling  of  the 
sediment.  Solvent  for  the  acid  to 
be  titrated  was  made  up  by  add¬ 
ing  10  drops  of  indicator  solution 
to  10  ml.  of  90  per  cent  methanol, 
boiling  for  a  minute  or  so,  and 
then  adding  sufficient  alkali  from 
the  microburet  to  produce  an  olive 
green  color.  Two  to  4  ml.  of  this 
solvent  mixture  were  used  to  dis¬ 
solve  each  sample  of  fatty  acid, 
and  the  titration  was  carried  out 
as  rapidly  as  practicable.  The 
end  point  taken  was  the  match  of 
the  original  solvent  mixture. 

Fading  of  the  indicator  on 
standing,  due  to  absorption  of 
carbon  dioxide,  was  noted.  After 
a  half  hour  the  change  in  the 
color  of  the  solvent  was  so  marked 
as  to  warrant  its  being  discarded. 

However,  it  was  felt  that  only 
small  errors  would  be  introduced 
if  each  titration  was  carried  out 
to  the  same  tint  as  the  solvent 
mixture  at  that  time.  There  was 
obviously  no  necessity  for  a  blank 
titration. 


Figure  1.  Liquid 
Microextractor 
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The  authors’  buret,  calibrated  according  to  Scholander,  de¬ 
livered  3.171  X  10-2  ml.  per  mm.  displacement. 

For  purposes  of  standardization,  samples  of  pure  stearic  acid 
were  weighed  on  the  microbalance  into  ordinary  15-ml.  centri¬ 
fuge  tubes.  Duplicate  standardizations  of  alkali  on  successive 
days  showed  a  decrease  in  normality,  indicating  the  necessity  of 
daily  standardization  (Table  I). 

In  view  of  the  fact  that  this  technique  was  investigated  for  the 
purpose  of  determining  the  total  (free  plus  esterified)  fatty  acids 
in  plasma,  a  liquid  microextractor  was  employed  (Figure  1). 
Into  the  lower  chamber,  A,  which  had  a  capacity  of  about  5  ml., 
13.314  mg.  of  stearic  acid  were  transferred  in  1  ml.  of  ethanol 
and  1  ml.  of  3  A  alcoholic  hydrochloric  acid  was  added.  In  tube 
B  were  placed  10  ml.  of  petroleum  ether,  previously  distilled  from 
alkali,  a  reiltix  condenser  was  attached,  and  the  whole  assembly 
was  set  on  the  steam  bath  to  extract  for  one  hour.  Tube  B  was 
then  disconnected,  and  after  evaporation  of  the  petroleum  ether, 
was  kept  overnight  in  vacuo  over  solid  alkali,  to  remove  traces 
of  volatile  acids.  The  residue  was  dissolved  in  neutralized  alcohol 
and  titrated  precisely  as  described  above.  Standardization  of 
alkali:  15.490  mg.  of  stearic  acid  required  10.66-mm.  displace¬ 
ment,  A  =  0.1613.  Titration  of  extract :  acid  required  9. 16-mm. 
displacement 

9.16  X  3.171  X  10-2  X  0.1613  X  284.3  = 

13.32  mg.  stearic  acid  recovered,  corresponding  to  100.1  per  cent 

In  the  analysis  of  plasma  samples,  lipides  were  extracted  from 
5-ml.  samples  of  plasma  by  the  alcohol-ether  method  of  Bloor  (1). 
The  clear  alcohol-ether  filtrate  was  taken  to  dryness  under  a  bell 
jar  in  a  stream  of  nitrogen  and  the  residue  redissolved  in  ether. 
The  solution  was  filtered  into  a  small  centrifuge  tube  and  evap¬ 
orated  to  dryness.  The  residue,  in  1  to  2  ml.  of  ethanol,  was  trans¬ 
ferred  to  chamber  A,  of  the  extractor  with  the  aid  of  a  long  slender 
pipet;  0.2  ml.  of  2  A  sodium  hydroxide  in  methanol  was  added 
and  the  mixture  was  gently  heated  on  the  steam  bath  until  all 
the  solvent  had  boiled  away.  Then  0.4  ml.  of  2  A  aqueous  hy¬ 
drochloric  acid  and  1  ml.  of  ethanol  were  added,  tube  B  contain¬ 
ing  10  ml.  of  petroleum  ether  was  fitted  on,  and  extraction  under 
reflux  was  carried  out  on  the  steam  bath.  The  extract,  in  tube 
B,  was  dried  and  titrated  as  described.  Duplicate  analyses  on 
three  different  samples  of  plasma  are  given  in  Table  II. 


Table  II.  Duplicate  Analyses  of  Plasma  Fatty  Acids  in 
Three  Different  Samples 

Sample  Fatty  Acids 

Microequivalents  per  ml. 

A  8.31  8.30 

B  6.46  6.38 

C  7.77  7.66 


Summary 

A  method  for  the  titration  of  8-  to  20-mg.  samples  of  fatty 
acids  has  been  described.  The  microestimation  of  plasma 
fatty  acids  is  feasible  by  this  method,  in  conjunction  with  a 
suitable  extraction  procedure. 

• 
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SEVERAL  methods  for  the  physical-chemical  determina¬ 
tion  of  vitamins  D  have  been  studied  and  reported  on  in 
recent  years.  Some  of  these  have  given  good  results  on  nearly 
pure  samples  of  vitamins  D2  and  D3.  In  the  case  of  fish  liver 
oils  (D3),  agreement  with  the  bioassay  values  has  been  ob¬ 
tained  only  over  limited  concentration  ranges  for  a  small  num¬ 
ber  of  oils.  Further  study  therefore  seemed  warranted. 

Reerink  and  van  Wijk  (16)  and  later  Topelmann  and  Schuh- 
knecht  (22)  were  successful  in  determining  the  concentration  of 
vitamin  D2  (irradiated  ergosterol)  by  measuring  the  height  of  the 
ultraviolet  absorption  maximum  at  265  mg.  01  Khin  (14)  also 
used  this  method  in  determining  vitamin  D2  in  irradiation  prod¬ 
ucts.  On  the  basis  of  the  work  of  Brockmann  (1,  2)  that  the 
molecular  extinctions  of  the  two  vitamin  forms  were  the  same, 
Marcussen  (11)  applied  the  measurement  at  this  maximum  to  the 
determination  of  both  vitamins  D2  and  D3.  In  the  case  of  fish 
liver  oil  D3,  Marcussen  first  saponified  the  oil,  then  removed 
vitamin  A,  carotenoids,  inactivated  sterols,  and  other  substances 
showing  absorption  in  the  region  of  265  mg  by  passing  a  heptane 
solution  of  the  nonsaponifiable  fraction  through  a  Tswett  column 
filled  with  Hydraffin  K<  as  adsorbent.  Thereby,  he  separated  the 
vitamin  Ds  in  the  percolate.  The  concentration  of  vitamins  D 
in  this  solution  was  then  obtained  spectrographically.  Calciferol 
(British  Drug  House)  was  used  as  the  standard  for  converting 
the  E  (1  per  cent,  1  cm.)  (the  extinction,  logto/o//,  for  a  1  per  cent 
solution  in  a  cell  of  1-cm.  thickness)  of  the  fish  liver  oil  to  units 
per  gram  of  oil.  Marcussen  gave  values  for  two  tuna  liver  oils, 
one  halibut  liver  oil,  and  one  oil  solution  of  an  irradiated  product. 

Halden  and  Tzoni  (8,  9,  24)  obtained  quantitative  results  with 
pure  calciferol  (D2)  based  on  a  color  reaction  formed  by  heating  a 
solution  of  the  vitamin  and  pyrogallol  in  benzene,  petroleum 
ether,  or  chloroform  with  a  fresh  solution  of  anhydrous  aluminum 
chloride  in  absolute  alcohol.  The  deep  violet  color  formed  was 
dissolved  in  absolute  alcohol,  giving  a  lilac-red  solution  suitable 
for  colorimetric  measurements.  In  the  determinations  of  fish 
liver  oils,  it  was  found  necessary  to  remove  vitamin  A.  Choles¬ 
terol,  ergosterol,  and  lumisterol  did  not  interfere,  but  some  of  the 
irradiation  products  of  ergosterol  did  give  this  color  reaction. 

Shear  (20)  suggested  a  colorimetric  method  based  on  the  red 
color  given  by  vitamins  D  in  liver  oils  with  a  mixture  of  aniline 
and  hydrochloric  acid.  Levine  (10)  reported  that  this  color  reac¬ 
tion  was  not  specific  for  vitamins  D. 

Stoeltzner  (21)  proposed  a  colorimetric  method  based  on  the 
formation  of  color  when  phosphorus  pentachloride  was  added  to 
an  oil  solution  of  vitamins  D.  However,  this  reaction  was  found 
by  Christensen  (4)  to  be  typical  of  other  compounds  present  in 
natural  oils. 

Rutkovskil  (19)  showed  that  the  green  color  of  the  Tortelli- 
Jaffee  reaction  (28),  formed  when  an  acetic  acid  solution  of  vita¬ 
mins  D  was  mixed  with  a  2  per  cent  solution  of  bromine  in  chloro¬ 
form,  was  also  characteristic  of  the  provitamins. 


Robinson  (18)  reported  a  colorimetric  method  based  on  the 
yellow  color  formed  when  an  alcohol  solution  of  the  vitamins  D 
was  boiled  with  sodium  nitrite  and  acetic  acid,  then  made  slightly 
alkaline.  This  reaction  was  not  given  by  cholesterol,  ergosterol, 
dehydroergosterol,  or  lumisterol,  but  vitamin  A  gave  a  strong 
orange  color  and  the  nonsaponifiable  fractions  of  olive  oil  and 
arachis  oil  also  gave  some  color. 

The  antimony  trichloride  color  reaction  employed  by  Brock¬ 
mann  and  Chen  (3)  has  been  studied  by  a  number  of  investigators 
as  the  basis  for  a  quantitative  method  for  vitamins  D.  They  used 
a  cold  saturated  solution  of  antimony  trichloride  in  dry,  alcohol- 
free  chloroform.  Both  vitamins  D2  and  D3  gave  an  orange-yellow 
colored  solution  with  an  absorption  maximum  at  500  m,u. 
Tachysterol  gave  a  similar  reaction,  as  did  cholesterol,  sitosterol, 
ergosterol,  7-dehydrocholesterol,  lumisterol,  suprasterol  I,  and 
suprasterol  II.  These  all  gave  much  weaker  color,  however,  and 
did  not  interfere  unless  present  in  concentrations  over  thirty 
times  that  of  the  vitamins  D.  Vitamin  A,  with  an  absorption 
maximum  at  620  mp,  interfered  only  when  present  up  to  six  times 
the  concentration  of  the  vitamins  D.  This  reagent  thus  seemed 
to  serve  as  a  dependable  means  for  the  colorimetric  determination 
of  vitamins  D  in  the  pure  state,  even  when  vitamin  A  and  sterols 
were  present  in  low  concentrations. 

On  the  other  hand,  Emmerie  and  van  Eekelen  (5)  found  that 
all  vitamin  A  must  be  removed  from  fish  liver  oils  before  the  anti¬ 
mony  trichloride  color  reaction  is  used. 

Wolff  (25)  used  the  Brockmann  and  Chen  color  reaction  for 
the  determination  of  vitamin  D2  in  nine  samples  of  irradiated 
ergosterol,  taking  pure  calciferol  as  the  reference  standard.  His 
results  showed  deviations  of  from  8  to  40  per  cent  from  the  bio¬ 
assay  values.  He  also  investigated  the  determination  of  vitamins 
D  in  fish  liver  oils,  removing  the  vitamin  A  and  carotenoids  by 
chromatographic  adsorption  on  Montana  earth  from  benzene 
solution.  He  found  it  necessary  to  remove  most  of  the  sterols  by 
the  use  of  digitonin,  when  the  potency  of  the  oil  was  low. 

Ritsert  (17)  removed  vitamin  A  by  chromatographic  adsorp¬ 
tion  on  aluminum  oxide,  but  reported  that  this  colorimetric 
method  was  not  applicable  to  fish  liver  oils  nor  to  the  mixed  prod¬ 
ucts  obtained  by  irradiation  of  the  provitamins. 

Raoul  and  Meunier  (15)  modified  the  reagent  of  Brockmann 
and  Chen  by  adding  a  small  amount  of  acetic  anhydride  and  sul¬ 
furic  acid  to  the  chloroform  solution  of  antimony  trichloride. 
They  attempted  to  make  use  of  the  fading  of  the  vitamin  A  color 
and  of  the  concurrent  slow  formation  of  a  cholesterol  color  to 
compute  the  vitamins  D  concentration  by  the  rate  of  change  in 
the  absorption  maxima.  They  suggested  the  use  of  digitonin  to 
remove  most  of  the  sterols. 

Nield,  Russell,  and  Zimmerli  (IS)  also  modified  the  reagent  of 
Brockmann  and  Chen  by  adding  acetyl  chloride  and  changing  the 
concentration  of  the  antimony  trichloride.  Thereby,  they  in¬ 
creased  the  sensitivity  and  permanency  of  the  color. 

Milas,  Heggie,  and  Raynolds  (12)  determined  the  vitamin  A 
potency  of  fish  liver  oils  by  measuring  the  620  mp  maximum. 
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Schematic  Outline  of  Vitamins  D  Determination 
I.  Saponify  with  alcoholic  KOH  and  extract  with  ether 


(a) 


(6) 


II.  Ether  extract  Soap  residue 

(discard) 

(a)  Evaporate  off  ether  completely 

Dissolve  residue  in  mixture  of  Skellysolve,  ether,  and  alcohol 


(6)  Chromatograph  on  Superfiltrol,  6-cm.  column 

(a) 


(6) 


III.  Filtrate  (contains  vitamins  D  and  sterols)  Chromatogram 

I 

dry 


(d) 


(e) 


(c) 


Lower  layer  (contains 
traces  of  vitamins  D 
and  sterols) 


Upper  layer 
(contains  vitamin 
A,  dye,  etc.) 
(discard) 


-> 


Elute  with  ether 

»  1 


(17) 


Eluate 


Adsorbent 

(discard) 


IV. 


Mixture  (c  +  /) 
Evaporate  off  solvents 
Dissolve  residue  in  CHClj 


(a)  CHC13  solution,  divide  into  2  parts 


(b) 


Measure  extinction  of  Evaporate  to  dryness 

vitamins  D  and  sterols 

(a)  Dissolve  residue  in  Skellysolve 

and  benzene 


(c) 


Chromatograph  on  Superfiltrol 

I  (d) 


Absorbent 

(discard) 


Filtrate  (contains  sterols) 

I 

Evaporate  solvents  completely 

Dissolve  residue  in  CHCI3 

Measure  extinction  of  sterols  ( e ) 

Vitamins  D  E(  1%,  1  cm.)  value  (IVa  —  IVe)  X  factor  = 
units  per  gram  of  oil 


Cholesterol,  with  an  absorption  maximum  increasing  slowly  with 
time,  was  estimated  by  measuring  the  480  m/a  maximum  exactly 
30  minutes  after  adding  the  antimony  trichloride  reagent  to  the 
fish  oil  sample.  Corrections  for  vitamin  A  and  cholesterol,  based 
on  the  above  measurements,  were  then  applied.  Milas  et  al. 
found  better  agreement,  however,  between  the  calculated  poten¬ 
cies  and  bioassay  values  when  the  vitamin  A,  carotenoids,  and 
possibly  7-dehydrocholesterol  were  first  removed  by  treatment 
with  maleic  anhydride.  The  vitamins  D  concentration  was  then 
obtained  by  measurement  of  the  500  m/x  maximum.  Gudlet  (7) 
also  tried  the  use  of  maleic  anhydride  for  removing  vitamin  A  and 
freezing  for  the  removal  of  sterols. 

Ewing  and  Tomkins  ( 6 )  separated  vitamin  A  from  the  non- 
saponifiable  fraction  of  16  fish  liver  oils  by  chromatographic  ad¬ 
sorption  on  Superfiltrol  from  hexane-ether-alcohol  solution. 
After  removal  of  sterols  with  digitonin,  the  modified  reagent  of 
Nield,  Russell,  and  Zimmerli  (18)  was  used  for  the  color  reaction 
for  vitamins  D.  Special  attention  was  found  necessary  in  the 
purification  of  the  chloroform,  including  a  final  treatment  with 
activated  carbon. 


This  review  indicates  that  certain  interfering  substances 
must  be  removed  from  the  nonsaponifiable  fraction  before  a 
quantitative  determination  of  the  vitamins  D  can  be  made. 
Then  it  seems  possible  to  use  some  modification  of  the  anti¬ 
mony  trichloride  color  method  after  removal  of  the  vitamin  A. 
The  authors  chose  for  removal  of  the  carotenoids,  vitamin  A, 
and  pigments  a  modification  of  the  chromatographic  ad¬ 
sorption  procedure  used  by  Ewing  and  Tomkins  ( 6 ).  Fur¬ 
ther,  while  they  depended  upon  freezing  and  treatment  with 
digitonin  for  the  removal  of  the  sterols,  the  present  authors 
base  their  procedure  upon  a  two-step  chromatographic  treat¬ 
ment  where  the  E(  1  per  cent,  1  cm.)  is  determined  first  for 
the  combined  vitamins  D  and  sterols  and  second  for  the 
separated  sterols.  Then,  by  difference,  the  value  for  the  vita¬ 
mins  D  is  obtained. 

The  schematic  outline  of  the  proposed  method  is  given  in 
stages  I  to  V.  The  procedure  is  somewhat  complicated;  in 
fact,  the  minutest  details  should  be  followed  exactly.  To 
this  end,  definite  instructions  are  given. 


Equipment  and  Reagents 

1.  The  adsorption  columns  must  be  carefully  and  uniformly 
prepared  to  obtain  reproducible  results.  The  tubes  for  the  chro¬ 
matographic  determinations  are  made  by  sealing  a  6-cm.  length 
of  7-mm.  Pyrex  tubing  to  the  bottom  of  a  1.6  X  15  cm.  (0.625 
by  6-inch)  Pyrex  test  tube.  These  tubes  are  cleaned  before  filling 
by  soaking  in  sulfuric  acid-dichromic  acid  solution,  rinsing  with 
distilled  water  and  with  alcohol,  and  finally  drying  in  the  flame 
of  a  Meker  burner.  The  suction  apparatus  is  designed  so  that  a 
bank  of  8  columns  can  be  developed  simultaneously,  controlling 
the  pressure  with  the  aid  of  an  open-tube  mercury  manometer 
attached  to  the  suction  flask.  The  adsorbent  used  is  a  finely 
divided  grade  of  activated  bentonite  clay  (Superfiltrol,  ob¬ 
tained  from  The  Filtrol  Corp.,  315  West  5th  St.,  Los  Angeles, 
Calif.). 

The  adsorption  columns  for  the  first  chromatographic  separa/- 
tion  are  prepared  by  placing  a  small  wad  of  cotton  in  the  bottom 
of  one  of  the  adsorption  tubes,  pressing  this  down  firmly,  and  add¬ 
ing  enough  of  the  clay,  so  that  when  very  firmly  pressed  down  with 
a  piston,  using  a  cork  on  the  end  of  a  glass  rod,  under  6  cm.  of 
suction,  the  height  of  the  packed  column  will  be  3  cm.  A  second 
and  equal  portion  of  the  adsorbent  is  then  added,  and  pressed 
down  as  before  to  give  a  hard,  level  surface.  It  is  important  that 
there  should  be  no  air  pockets,  as  they  cause  irregularly  shaped 
adsorption  bands.  To  aid  in  overcoming  this  the  piston-head 
cork  used  in  packing  the  columns  is  but  slightly  smaller  than  the 
inside  diameter  of  the  Pyrex  tube.  This  also  helps  avoid  loosen¬ 
ing  of  the  adsorbent  by  suction  when  this  cork  piston  is  raised. 
Other  columns  for  the  chromatographic  separation  of  vitamins  D 
and  sterols  are  prepared  in  the  same  manner,  except  that  the 
height  is  only  1.5  cm.  and  the  filling  is  done  under  a  suction  of  4 
cm. 

2.  Alcoholic  potassium  hydroxide  is  prepared  by  dissolving 
14  grams  of  c.  p.  potassium  hydroxide  pellets  in  95  per  cent  ethyl 
alcohol  to  give  500  ml.  This  stock  solution  is  protected  from  car¬ 
bon  dioxide  and  filtered  through  hardened  filter  paper  as  needed. 

3.  c.  p.  ethyl  ether  is  used  without  further  purification  for  ex¬ 
tracting  the  saponified  oils  and  for  elution  of  adsorption  columns. 

4.  The  anhydrous  ethyl  ether  for  the  chromatograph  is  puri¬ 
fied  by  washing  c.  p.  ether  with  1  per  cent  ferrous  sulfate  solution 
to  remove  peroxides,  then  10  times  with  distilled  water  to  remove 
alcohol,  drying  with  phosphorus  pentoxide,  filtering,  and  storing 
over  sodium.  This  ether  is  distilled  from  metallic  sodium  as 
needed. 

5.  The  Skellysolve  is  purified  by  shaking  with  concentrated 
sulfuric  acid,  washing  twice  with  10  per  cent  sodium  carbonate 
solution,  then  with  a  mixture  of  10  per  cent  sodium  carbonate 
and  5  per  cent  potassium  permanganate  solution.  It  is  washed  15 
times  with  distilled  water,  the  reagent  being  decanted  into  a  dry 
flask  and  dried  over  sodium.  The  dried  solvent  is  then  distilled 
(68°  to  70°  C.)  from  sodium,  the  first  5  per  cent  and  the  last  10 
per  cent  of  the  distillate  being  discarded. 

6.  The  absolute  ethyl  alcohol  is  a  high-grade  commercial 
product. 

7.  c.  p.  chloroform  is  washed  thoroughly  with  7  approxi¬ 
mately  equal  portions  of  water,  dried  over  anhydrous  potassium 
carbonate,  decanted,  and  fractionated,  discarding  the  first  and 
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last  10  per  cent  of  the  distillate.  This  purified  chloroform  is  rela¬ 
tively  unstable  and  hence  is  prepared  in  small  quantities,  and 
protected  from  light.  Before  use,  it  is  tested  with  silver  nitrate 
solution  for  chlorides  and  with  potassium  iodide  and  starch  solu¬ 
tion  for  oxidizing  agents.  If  these  are  absent,  the  chloroform  is 
shaken  with  activated  carbon  and  filtered  just  before  using. 

8.  The  antimony  trichloride  reagent  is  prepared  by  dissolving 
18  grams  of  c.  p.  antimony  trichloride  in  the  purified  chloroform, 
diluting  to  100  ml.,  filtering,  and  then  adding  2  ml.  of  redistilled 
acetyl  chloride  (IS).  The  best  results  are  obtained  when  not 
more  than  one  week’s  supply  of  the  purified  chloroform  and  anti¬ 
mony  trichloride  reagent  is  prepared  at  one  time. 

9.  c.  p.  thiophene-free  benzene  is  dried  over  sodium,  distilled, 
and  shaken  with  Superfiltrol  before  use. 

10.  Measurements  of  the  absorption  maxima  at  500  mu  are 
made  on  a  Bausch  &  Lomb  visual  spectrophotometer  equipped 
with  a  Martins  polarizing  unit  and  cells  1  or  2  cm.  thick. 


Table  I.  Determination  of  Conversion  Factor0 


Date 

e\ % 

1  cm., 

Date 

El% 

1  cm., 

Date 

1  cm.. 

Assayed 

500  m/i 

Assayed 

500 

Assayed 

500  m/i 

3/21 

0.75 

3/27 

0.80 

4/27 

0.78 

0.80 

0.78 

0.78 

3/23 

0.76 

3/31 

0.77 

5/20 

0.76 

0.80 

0.76 

0.80 

3/24 

0.74 

4/1 

0.79 

5/22 

0.81 

0.75 

0.80 

0.79 

3/25 

0.80 

4/13 

0.74 

0.82 

0.75 

3/26 

0.77 

4/14 

0.77 

0.78 

0.79 

Average  of  26  determinations  E{  1%,  1  cm.),  0.778 
Maximum  deviation  from  average,  ±5  per  cent 

Conversion  factor  —  ffP  =  19,300 
0.778 


°  Using  as  reference  a  fish  liver  oil  mixture  No.  47,761  having  a  U.  S.  P 
biological  assay  value  of  15,000  units  per  gram. 


Application  of  Method 

Fish  oil  samples  are  weighed  in  duplicate  into  125-ml.  Erlen- 
meyer  flasks.  Samples  containing  4000  to  100,000  U.  S.  P.  units 
of  vitamins  D  are  most  convenient.  Usually,  0.5  to  2  grams  are 
weighed  for  natural  oils  and  0.1  gram  for  concentrates.  If  the 
samples  weigh  1  gram  or  less,  10  ml.  of  alcoholic  potassium  hy¬ 
droxide  are  added,  but  for  samples  weighing  more  than  1  gram, 
10  ml.  of  alcoholic  potassium  hydroxide  per  gram  of  sample  are 
used.  A  short-stemmed  funnel  is  then  placed  in  the  neck  of  the 
flask,  to  serve  as  a  condenser.  The  sample  is  placed  in  a  water 
bath  and  kept  at  70°  to  75°  C.  for  1  hour,  or  longer  if  saponifica¬ 
tion  is  not  complete.  Agitation  of  the  flask  at  frequent  intervals 
aids  this  reaction.  (At  this  point  the  sample  may  be  allowed  to 
stand  overnight.) 

The  sample  is  cooled  to  room  temperature,  20  ml.  of  water  per 
10  ml.  of  alcoholic  potassium  hydroxide  are  added,  and  it  is  then 
extracted  in  a  separatory  funnel  with  four  25-ml.  portions  of 
ethyl  ether.  Gentle  shaking  in  the  separatory  funnel  can  be  used 
without  danger  of  emulsification,  provided  more  than  the  indi¬ 
cated  quantity  of  water  has  not  been  added.  If  an  emulsion  does 
form,  it  can  be  readily  broken  by  the  addition  of  a  few  drops  of 
alcohol.  The  ether  layer  must  always  be  clear  before  separation 
of  the  two  layers. 

Finally,  all  the  ether  extracts  are  combined  in  the  separatory 
funnel  and  50  ml.  of  water  are  added.  When  both  ether  and  water 
layers  are  clear,  the  water  layer  is  withdrawn  and  discarded, 
leaving  the  ether  layer  in  the  funnel.  This  preliminary  washing, 
which  removes  most  of  the  soaps,  is  repeated  twice  with  fresh  50- 
ml.  portions  of  water.  Agitation  during  these  preliminary  wash¬ 
ings  may  result  in  the  formation  of  a  stable  emulsion.  If  this 
occurs  2  ml.  of  alcohol  are  added  to  break  the  emulsion.  Twenty- 
five  milliliters  of  water  are  now  added  to  the  ether  extract  in  a 
separatory  funnel  and  shaken  vigorously,  after  which  25  ml.  of 
water  are  added  and  the  water  and  ether  layers  are  allowed  to 
separate.  The  water  layer  must  be  clear  before  it  is  withdrawn. 
This  is  again  repeated  twice ;  at  the  end  of  the  third  washing  the 
ether  and  the  water  layers  should  separate  quickly  to  a  sharp  in¬ 
terface  and  appear  very  clear.  The  water  layer  at  this  point 
should  be  colorless  and  not  alkaline  to  phenolphthalein.  If  not, 


the  washing  must  be  continued  until  these  conditions  are  satis¬ 
fied. 

The  washed  ether  extract  is  now  withdrawn  into  a  125-ml. 
Erlenmeyer  flask,  passing  through  a  filter  paper  containing  an¬ 
hydrous  sodium  sulfate.  The  separatory  funnel  is  rinsed  with  25 
ml.  of  ether  and  the  rinsings  are  poured  on  the  filter  to  remove 
vitamins  D  from  the  sodium  sulfate  and  filter  paper.  These 
should  be  colorless.  The  ether  solution  is  then  evaporated  to 
dryness  under  reduced  pressure,  using  a  water  bath  at  50°  C. 

The  dry  residue  from  this  evaporation  is  taken  up  in  5  ml.  of  a 
special  mixture  of  solvents  prepared  from  the  above  purified  ma¬ 
terials— 50  parts  of  Skellysolve,  10  parts  of  anhydrous  ether,  and 
1  part  of  absolute  alcohol  by  volume.  One  drop  of  Sudan  III 
solution  (25  mg.  per  liter  in  the  above  mixed  solvents)  is  added 
as  a  color  marker,  in  the  separation  of  vitamin  A  and  pigments 
from  vitamins  D,  following  the  suggestion  of  Brockmann  ( 1 )  in 
his  isolation  of  pure  vitamin  Ds,  when  he  used  Sudan  III  in  a  1 
to  4  benzene-petroleum  ether  mixture. 

The  6-cm.  adsorption  column  (prepared  as  previously  de¬ 
scribed)  is  wetted  with  10  ml.  of  the  mixed  solvent,  and  the  sam¬ 
ple  is  added,  followed  by  5  ml.  of  the  solvent  for  rinsing  the  flask 
and  35  ml.  of  the  same  mixture  for  developing  the  adsorption 
bands.  Each  addition  of  solvent  is  made  just  before  the  top  of  the 
adsorption  column  becomes  dry,  otherwise  it  shrinks  away  from 
the  glass  walls  and  development  of  the  column  is  not  regular.  A 
pressure  differential  of  6  cm.  of  mercury  is  maintained  until  35 
ml.  of  the  developing  solution  have  been  added,  when  the  suc¬ 
tion  is  increased  to  10  cm.  Further  increase  of  the  suction  results 
in  crevices  in  the  adsorption  column  and  packing  of  the  adsorbent 
to  such  a  degree  that  the  flow  of  the  developing  solution  is  nearly 
stopped. 

When  the  last  of  the  35  ml.  of  solution  has  passed  through  the 
column,  the  adsorbent  is  dried  by  drawing  air  through  the 
column  for  5  to  10  minutes.  The  Pyrex  tube  is  then  taken  from 
its  suction  flask  and  the  top  layer  of  the  column  is  removed  to  a 
point  2  mm.  below  the  red  Sudan  III  band,  using  an  L-bent  spat¬ 
ula.  This  removes  the  vitamin  A  and  pigments.  The  tube  with 
the  remainder  of  the  column  (carrying  vitamins  D  and  sterols) 
is  replaced  in  its  suction  flask  and  eluted  with  25  ml.  of  ether. 

The  combined  filtrate  and  eluate  are  evaporated  to  dryness 
under  reduced  pressure  and  taken  up  in  10  ml.  of  purified  chloro¬ 
form.  To  1  ml.  of  this  solution  are  added  10  ml.  of  the  antimony 
trichloride  reagent.  The  flask  is  swirled  for  30  seconds,  the  ab¬ 
sorption  cell  filled,  and  the  extinction  determined  on  the  Bausch 
&  Lomb  visual  spectrophotometer  exactly  3  minutes  after  start¬ 
ing  to  add  the  reagent  to  the  vitamin  sample.  The  sample  at  this 
point  contains  vitamins  D  and  sterols. 


Table  II.  Effect  of  Added  Amounts  of  Sterols  to 
Reference  Oil  47,761 

(Bioassay,  15,000  U.  S.  P.  units  per  gram) 


Sample  No. 

Sterol  Added 

Sicm.-.500 

3  Minutes 
S  +  D«  S 

mix, 

D 

Physical- 

Chemical 

Method 

Reference  oil 
alone 

Gram 

0.779 

U.  S.  P. 
units/g. 

( Calcd .) 

15,035 

1 

0.010  cholesterol 

0.98 

0.20 

0.78 

15,050 

2 

0.025  cholesterol 

1.00 

0.23 

0.77 

14,900 

3 

0.050  cholesterol 

1.01 

0.25 

0.76 

14,700 

4 

0.100  cholesterol 

1.12 

0.39 

0.73 

14,100 

5 

0.250  cholesterol 

1.36 

0.64 

0.72 

13,900 

6 

0 . 500  cholesterol 

1.84 

1.11 

0.73 

14,100 

7 

0.001  ergosterol 

1.02 

0.21 

0.81 

15,600 

8 

0.005  ergosterol 

0.92 

0.12 

0.80 

15,400 

a  S,  sterols. 

D,  vitamins  D. 


To  correct  for  the  absorption  at  500  m/i  due  to  the  sterols  pres¬ 
ent,  another  1-ml.  aliquot  of  the  chloroform  solution  of  vitamins 
D  plus  sterols  is  evaporated  to  dryness  and  taken  up  in  5  ml.  of 
1  to  2  Skellysolve-benzene  mixture.  A  tightly  packed  1.5-cm. 
Superfiltrol  column  is  wetted  with  5  ml.  of  the  mixed  solvent  and 
the  sample  added,  followed  by  the  addition  of  5  ml.  of  solvent  to 
rinse  the  flask  and  then  50  ml.  to  elute  the  sterols.  A  lavender- 
blue  band  carrying  the  vitamins  D  is  fixed  in  the  upper  portion  of 
the  adsorption  column.  The  sterols  pass  into  the  filtrate.  The 
filtrate  is  evaporated  to  dryness  under  reduced  pressure  and  the 
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Table  III.  Compaeative  Vitamin  D  Values  of  Fish  Liver  Oils  by  Physical-Chemical  and  Biological  Methods 


, — Physical-Chemical  Method — . 

Biological 

Weight  of  rrl% 

Calcd., 

Method, 

Differ¬ 

Sample 

sample 

,  1  cm.. 

U.  S.  P. 

U.  S.  P. 

ence, 

No. 

grams 

500  m/i 

units/g. 

Units/G. 

% 

A. 

Low  Vitamin  D  Fish  Liver  Oil  Blend 

74,912 

2.00 

0.14 

2,700 

0.15 

2,890 

3,000 

-  6.8 

Av.  0.145 

2,795 

62,321 

2.00 

0.27 

5,210 

0.25 

4,830 

4,750 

+  5.7 

Av.  0.260 

5,020 

56,211 

1.00 

0.26 

5,020 

0.27 

5,210 

4,750 

+  7.7 

Av.  0.265 

5,115 

50,261 

2.00 

0.33 

6,370 

0.31 

5,980 

6,000 

+  2.9 

Av.  0.320 

6,175 

78,992 

1.00 

0.286 

5,520 

0.242 

4,670 

4,500 

+  13.2 

Av.  0.264 

5,095 

77,462 

1.00 

0.43 

8,300 

0.42 

8,110 

6,300 

+  30.2 

Av.  0.425 

8,205 

66,831 

1.00 

0.34 

6,550 

0.36 

6,850 

0.36 

6,950 

0.35 

6,750 

6,600 

+  2.4 

Av.  0.352 

6,775 

60,771 

2.00 

0.38 

7,330 

0.36 

6,950 

6,600 

+  8.2 

Av.  0.370 

7,140 

B.  High  Vitamin  D  Fish  Liver  Oil  Blend 

55,691 

1.00 

0.66 

12,700 

0.65 

12,500 

12,000 

+  5.0 

Av.  0.655 

12,600 

65,251 

0.75 

0.67 

12,900 

0.68 

13,100 

0.67 

12,900 

0.71 

13,700 

12,000 

+  9.6 

Av.  0.682 

13,150 

65,231 

1.00 

0.66 

12,700 

0.69 

13,300 

14,000 

-  7.1 

Av.  0.675 

13,000 

65,221 

0.75 

0.70 

13,500 

0.75 

14,500 

0.69 

13,300 

0.67 

12,900 

14,000 

-  3.2 

Av.  0.702 

13,550 

41,860 

0.50 

0.81 

15,600 

0.79 

15,200 

16,000 

-  3.8 

Av.  0.800 

15,400 

57,481 

1.00 

0.75 

14,500 

0.78 

15,100 

16,500 

-10.3 

Av.  0.765 

14,800 

40,090 

0.50 

0.97 

18,700 

0.98 

18,900 

20,000 

-  6.0 

Av.  0.975 

18,800 

55,951 

0.50 

1.49 

28,800 

1.56 

30,100 

30,000 

-  1.8 

Av.  1.525 

29,450 

60,761 

0.25 

1.80 

34,700 

1.89 

36,500 

35,000 

+  1.7 

Av.  1.845 

35,600 

C.  Tuna  Liver  Oils 

68,881 

1.00 

0.60 

11,600 

0.60 

11,600 

0.62 

12,000 

0.59 

11,400 

12,000 

-  2.9 

Av.  0.602 

11,650 

76,902 

1.00 

0.64 

12,400 

0.67 

12,900 

12,000 

+  5.4 

Av.  0.655 

12,650 

62,071 

0.50 

0.68 

13,100 

0.66 

12,700 

16,500 

-21.8 

Av.  0.670 

12,900 

76,892 

1.00 

0.797 

15,400 

0.802 

15,500 

16,000 

-  3.4 

Av.  0.800 

15,450 

76,882 

1.00 

1.19 

23,000 

1.15 

22,200 

21,000 

+  7.6 

Av.  1.170 

22,600 

68,871 

0.50 

1.38 

26,600 

1.27 

24,500 

25,000 

+  2.2 

Av.  1.322 

25,550 

57,951 

0.50 

1.40 

27,000 

1.38 

26,600 

28,000 

-  4.3 

Av.  1.390 

26,800 

°  Sample  and  biological  data  supplied  by  S.  H.  Fox,  Gelatin  Products,  Inc. 
b  Sample  and  biological  data  supplied  by  A.  E.  Briod,  National  Oil  Products 


- — Physical-Chemical  Method — - 


Weight 

Biological 

Sample 

% 

sample,  1  cm., 

Calcd., 

Method, 

Differ¬ 

U.  S.  P. 

U.  S.  P. 

ence, 

No. 

grams  500  m/x 

units/g. 

Units/ G. 

% 

D. 

Tuna  Liver  Oil  Concentrates 

70,202 

0.25  3.13 

60,400 

3.22 

62,100 

65,000 

—  5.8 

Av.  3.175 

61,250 

63,201 

0.10  4.29 

82,800 

4.39 

84,700 

80,000 

+  4.7 

Av.  4.340 

83,750 

70,712 

0.10  3.44 

66,400 

3.56 

68,700 

3.50 

67,600 

3.50 

67,600 

80,000 

-15.6 

Av.  3.500 

67,570 

49,831 

0.10  7.80 

151,000 

7.69 

148,409 

160,000 

-  6.4 

Av.  7.750 

149,700 

44,470 

0.10  12.30 

237,400 

11.9 

229,700 

240,000 

-  2.7 

Av.  12.100 

233,550 

57,381 

0.10  12.5 

241,300 

12.3 

237,400 

300,300 

-20.2 

Av.  12.4 

239,350 

61,751 

0.10  15.2 

293,400 

14.9 

288,000 

325,000 

-11.9 

Av.  15.05 

290,500 

E.  Vitamins  D  Fish  Liver  Oil  Distillates 

55,031 

1.00  0.96 

18,500 

0.93 

17,900 

18,500 

-  1.6 

Av.  0.945 

18,200 

44,170 

0.25  0.84 

16,200 

0.76 

14,700 

15,000 

+  3.0 

Av.  0.800 

15,450 

56,961 

1.00  1.11 

21,400 

1.09 

21,000 

20,000 

+  6.0 

Av.  1.100 

21,200 

44,090 

0.50  1.12 

21,600 

1.13 

21,800 

22,000 

-  1.4 

Av.  1.125 

21,700 

43,040 

0.25  1.68 

32,400 

1.69 

32,600 

30,000 

+  8.3 

Av.  1.685 

32,500 

44,080 

0.25  1.56 

30,100 

1.52 

29,300 

31,000 

-  4.2 

Av.  1.540 

29,700 

F.  Miscellaneous  Vitamins  D  Fish  Liver  Oils 

Type 

85,682 

Cod 

4.10  0.0124 

239 

0.0165 

318 

250 

+  11.2 

Av.  0.0144 

278 

62,151 

Cod 

5.00  0.008 

154 

0.0102 

197 

287 

-39.4 

Av.  0.009 

174 

62,331 

Cod 

4.10  0.0091 

186 

0.0096 

186 

300 

-38.0 

Av.  0.0094 

186 

52,051 

Halibut 

0.40  0.066 

1,270 

1,200 

+  5.8 

62,171 

Halibut 

2.00  0.099 

1,910 

0.094 

1,810 

1,200 

+  55.0 

Av.  0.097 

1,860 

57,991 

Yellow  Fin 

1.00  0.153 

2,950 

0.162 

3,130 

3,000 

+  1.3 

Av.  0.158 

3,040 

80,352 

Swordfish 

1.00  0.37 

7,140 

0.34 

6,560 

5,000 

+37.0 

Av.  0.355 

6,850 

80,362 

Swordfish 

1.00  0.48 

9,260 

0.43 

8,300 

10,000 

-12.2 

Av.  0.455 

8,780 

57,971 

Albacore 

0.25  3.03 

58,500 

2.94 

56,700 

55,000 

+  4.7 

Av.  2.985 

57,600 

58,011 

Bonita 

0.25  3.11 

60,000 

3.33 

64,300 

65,000 

-  4.4 

Av.  3.220 

62,150 

75,442xa 

Outside  oil 

0.50  2.33 

45,000 

2.42 

46,700 

2.46 

47,500 

2.37 

45,700 

50,000 

-  7.6 

Av.  2.40 

46,225 

B2861“ 

Outside  oil 

0.50  1.43 

27,600 

1.44 

27,800 

32,500 

-14.1 

Av.  1.44 

27,700 

P6846x  f> 

Outside  oil 

1.00  1.05 

20,300 

1.02 

19,700 

20,000 

0.0 

Av.  1.04 

20,000 

V3428  *> 

Outside  oil 

0.10  61.5 

1,187,000 

65.4 

1,260,000 

1,200,000 

+  2.0 

Av.  63.5 

1,223,500 
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residue  taken  up  in  1  ml.  of  chloroform.  To  this  are  added  10 
ml.  of  the  antimony  trichloride  reagent,  using  a  2-cm.  absorption 
cell.  The  extinction  is  determined  at  500  m^  exactly  3  minutes 
after  mixing. 


From  these  two  extinction  values,  the  E{  1  per  cent,  1 
cm.)  is  calculated  for  vitamins  D  and  sterols  combined  and 
for  sterols  alone.  The  difference  between  these  two  values 
gives  the  E  (1  per  cent,  1  cm.)  for  the  vitamins  D  in  the  origi¬ 
nal  sample.  This  value,  multiplied  by  the  factor  19,300  re¬ 
ferred  to  below,  gives  the  potency  in  U.  S.  P.  units  per  gram  of 
oil. 


Reference  Oil.  A  typical  vitamins  D  mixed  fish  liver  oil, 
No.  47,761,  was  selected  as  the  reference  oil  and  was  bioassayed 
several  times  by  the  official  U.  S.  P.  method,  giving  an  average 
potency  of  15,000  U.  S.  P.  units  per  gram.  This  oil  was  also  care¬ 
fully  assayed  26  times  by  the  proposed  chemical  method  over  a 
period  of  2  months.  The  extinctions  are  given  in  Table  I. 


During  this  period  several  new  lots  of  adsorbent,  solvents, 
and  antimony  trichloride  were  used.  The  average  E{  1  per 
cent,  1  cm.)  value  is  0.778  with  a  maximum  deviation  of  only 
±5  per  cent.  With  this  figure  and  the  biological  potency 
value  of  15,000  units  per  gram,  the  standard  conversion  factor 
is  calculated  as  19,300  and  is  used  throughout  this  report. 

As  a  further  check  on  the  method,  it  was  decided  to  deter¬ 
mine  whether  cholesterol  and  ergosterol  would  interfere  with 
the  actual  analysis  of  a  fish  liver  oil.  Accordingly,  varying 
amounts  of  these  substances  were  added  to  1-gram  samples  of 
the  reference  oil  (No.  47,761)  and  analyzed  for  vitamins  D 
(Table  II).  These  data  show  that  adding  even  0.5  gram  of 
cholesterol  above  that  already  present  in  the  natural  fish  liver 
oil  caused  an  error  of  less  than  7.3  per  cent  in  the  analysis. 
This  amount  of  cholesterol  is  far  higher  than  would  be  found 
in  a  fish  liver  oil.  For  0.050  gram  of  added  cholesterol  the 
error  due  to  the  added  cholesterol  is  only  2  per  cent  and  this  is 
well  within  the  limit  of  reproducibility  of  the  method  as  shown 
by  Table  I. 

Further,  the  presence  of  the  provitamin  ergosterol  (Table 
II,  7,  8),  in  concentrations  of  slightly  higher  order  than  the 
vitamin  itself,  caused  only  an  insignificant  increase  in  the 
calculated  potency,  indicating  that  no  measurable  amount  of 
the  vitamins  D  was  formed  during  the  analytical  procedure. 


Experimental  Results 

The  application  of  the  method  was  carried  out  on  the  fol¬ 
lowing  types  of  fish  liver  oil  (Table  III) : 


A  Low  vitamin  D  oil  blends 
B  High  vitamin  D  oil  blends 
C  Tima  liver  oils 
D  Tuna  liver  oil  concentrates 
E  Vitamins  D  liver  oil  distillates 
F  Miscellaneous  fish  liver  oils 


Units  per  gram 

3,000  to  7,000 
12,000  to  35,000 
12,000  to  28,000 
65,000  to  325,000 
15,000  to  31,000 
250  to  1,200,000 


The  results  in  Table  III  are  self-explanatory,  and  show 
that  the  method  is  capable  of  reproducibility  if  the  details  of 
the  procedure  are  followed  exactly.  The  chemical  determina¬ 
tions  were  made  in  duplicate  or  triplicate — that  is,  two  or 
more  samples  were  weighed  out  and  carried  through  the  en¬ 
tire  procedure. 

The  over-all  inspection  of  the  results  indicates  a  fairly  close 
agreement  between  the  physical-chemical  method  and  the 
official  U.  S.  P.  procedure.  The  most  outstanding  variance 


lies  in  miscellaneous  vitamins  D  fish  liver  oils,  where  it  seems 
that  with  oils  of  a  potency  of  1200  or  less  U.  S.  P.  units  per 
gram,  the  errors  are  large.  This  may  perhaps  be  attributed 
chiefly  to  taking  large  samples  for  test.  This  point  is  brought 
out  clearly  in  the  case  of  halibut  oils  52,051  and  62,171.  The 
outstanding  differences  may  be  due  in  part  to  a  combination 
of  errors,  including  those  in  the  bioassay  values  which  in  them¬ 
selves  have  a  range  of  at  least  =*=  10  per  cent.  The  average  per¬ 
centage  difference  for  all  51  oils  is  9.7,  and  if  we  exclude  the  7 
oils  which  show  a  range  of  20  per  cent  or  more,  the  average  for 
the  remaining  44  samples  is  5.8  per  cent. 

The  last  four  oils  listed  in  Table  III  were  submitted  as  un¬ 
knowns,  for  a  further  check  on  the  efficiency  of  the  chemical 
method.  The  biological  assays  were  reported  as  having  been 
carried  out  by  the  official  U.  S.  P.  method.  The  results  agree 
satisfactorily. 


Summary  and  Conclusions 

A  physical-chemical  method  for  determining  vitamins  D  in 
fish  liver  oils  is  based  upon  the  separation  of  the  vitamins  D 
from  vitamin  A  and  other  interfering  substances  by  chromato¬ 
graph  adsorption,  and  then  measurement  of  the  extinction 
coefficient  at  500  mp  of  the  reaction  product  in  antimony  tri¬ 
chloride. 

Data  are  presented  for  the  vitamins  D  potency  of  51  liver 
oils  from  various  types  of  salt-water  fish.  The  values  indicate 
that  the  proposed  physical-chemical  method,  as  outlined, 
gives  results  which  are  in  fairly  close  agreement  with  those  by 
the  U.  S.  P.  procedure  for  oils  ranging  from  5000  units  per  gram 
and  up  in  potency.  For  weaker  oils,  the  method  is  not  so  sat¬ 
isfactory.  Both  possible  simplification  and  its  application  to 
irradiated  products  are  being  studied. 
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Pantothenic  Acid 

Optical  Rotation  As  a  Measure  of  Stability 

DOUGLAS  V.  FROST,  Abbott  Laboratories,  North  Chicago,  Ill. 


STABILITY  studies  in  this  laboratory  on  synthetic  and 
naturally  occurring  pantothenic  acid  have  indicated  a 
high  degree  of  lability  for  the  compound  in  presence  of  acid 
or  alkali.  The  rate  of  destruction  in  preliminary  studies  ap¬ 
peared  as  a  direct  function  of  pH  and  of  temperature.  Fur¬ 
thermore,  the  presence  of  certain  compounds  in  solution  cata¬ 
lyzed  the  destruction  of  pantothenic  acid  even  in  the  pH  range 
of  optimum  stability. 

A  rapid  chemical  or  physical  method  of  analysis  was  de¬ 
sired  to  follow  the  rate  of  destruction  of  pantothenic  acid  and 
its  salts  under  various  controlled  conditions.  Since  the 
nature  of  the  pantothenate  molecule  made  it  unlikely  that 
chemical  derivatives  of  specific  analytical  value  could  be 
found,  the  author  turned  to  physical  methods  of  analysis. 
The  optical  rotatory  power  of  the  compound  appeared  as  one 
possibility,  but  presented  some  difficulties,  since  the  nature 
of  the  destruction  was  not  entirely  known  and  at  least  one  of 
the  known  hydrolysis  products  was  also  optically  active. 
Only  the  dextrorotatory  form  of  pantothenic  acid  is  biologi¬ 
cally  active  and  the  study  was  limited  to  this  form. 

Evidence  of  the  structure  of  pantothenic  acid  first  arose 
from  a  knowledge  of  its  normal  degradation  products,  and 
this  in  turn  provided  clues  to  the  various  methods  of  syn¬ 
thesis. 

Williams,  Weinstock,  Rohrmann,  Truesdail,  Mitchell,  and 
Meyer  ( 6 )  in  1939  indicated  that  pantothenic  acid  undergoes 
cleavage  in  acid  or  alkaline  media  to  form  /3-alanine  and  an  ali¬ 
phatic  dihydroxy  acid.  Woolley,  Waisman,  and  Elvehjem 
(7)  confirmed  this  finding  by  condensing  the  acid  halide  of  the 
dihydroxy  acid  fragment  of  pantothenic  acid  with  /3-alanine  to 
regenerate  a  compound  having  the  full  biological  action  of  the 
original  compound.  Weinstock,  Mitchell,  Pratt,  and  Williams  (4) 
isolated  /3-alanine  as  one  of  the  cleavage  products  shortly  there¬ 
after,  and  Woolley,  Waisman,  and  Elvehjem  ( 8 )  made  the  further 
observation  that  the  dihydroxy  acid  portion  of  the  molecule  read¬ 
ily  forms  a  lactone.  The  dihydroxy  acid  portion  of  the  mole¬ 
cule  was  later  determined  as  a,  -y-dihydroxy-/3,  /3-dimethyl  butyric 
acid  by  Williams  and  Major  ( 5 ).  Various  synthetic  methods 
have  since  appeared  from  many  laboratories  which  depend  on  the 
condensation  of  the  dihydroxy  acid,  or  its  lactone  or  salt,  with 
/3-alanine  to  form  pantothenic  acid. 


dihydroxy  acid.  The  rate  and  completeness  of  lactoniza- 
tion  were  not  known;  however,  it  appeared  likely  that 
rotation  values  could  be  established  for  known  systems  of 
the  d(— )-lactone-d(+)-dihydroxy  acid  equilibrium  which 
would  be  of  value  in  predicting  the  nature  of  unknown  sys¬ 
tems  which  also  contained  unchanged  pantothenate. 

Experiments  were  carried  out  to  determine  whether  or  not 
the  above  reactions  could  be  reduced  to  a  mathematical  basis 
in  which  the  measured  rotation  would  serve  as  an  index  to  the 
amount  of  unchanged  pantothenate  ion  in  solution  at  any 
time. 

Experimental 

The  specific  rotation  of  several  samples  of  synthetic  calcium 
d(+)-pantothenate  in  1  per  cent  aqueous  solution  ranged  from 
+25.5°  to  +27°.  The  values  for  highly  purified  d(  —  )-a-hy- 
droxy-/3,/3-dimethylbutyrolactone  ranged  from  —50°  to  —51.5°. 
[Griissner,  Gatzi-Fichter,  and  Roichstein  (7)  reported  the  [oLd'6 
of  the  d{  —  )-lactone  to  be  —49°  ( C  =  4.012  in  water)  and  the 
[a]  lD  of  the  barium  salt  of  the  corresponding  acid  to  be  +5.5° 
( C  =  2.8  in  water).]  All  readings  were  taken  at  25°  to  26°  C., 
using  a  sodium  arc  lamp,  a  1-decimeter  tube,  and  a  rotary  polari- 
scope  with  Lippich  polarimeter. 

From  the  above-determined  values  a  freshly  made  solution 
containing  2  parts  of  calcium  d(+)-pantothenate  to  1  part  of 
d(— )-lactone  would  be  expected  to  display  zero  rotation,  since 
in  these  proportions  the  opposite  rotatory  powers  of  the  two 
compounds  almost  exactly  cancel  out.  This  point  was  proved 
by  experiment.  A  0.545  per  cent  solution  of  the  d(— )-lactone 
was  found  to  have  the  calculated  rotation,  —27.5°.  In  0.1  N~ 
sodium  hydroxide  the  rotation  shifted  to  +7  as  the  lactone  ring 
opened  to  give  the  d(  +  ) -dihydroxy  acid.  This  change  was 
quantitatively  reversed  by  making  the  solution  strongly  acid. 
The  reaction  rate  in  either  direction  was  greatly  accelerated  by 
heat. 

The  changes  in  optical  rotation  of  a  1  per  cent  solution  of 
calcium  d( + )  -pantothenate  as  it  undergoes  hydrolysis  and 
lactonization  of  the  d(+) -dihydroxy  acid  are  pictured  in  two 
steps  as  follows: 

H+ 

Ca  d(+)-pantothenate->d(+)-dihydroxy  acid _ ^d(— )-lactone 

H2d5  =  +27°  [a]2D5  =  +7°  [a]2D  =  -27.5° 


Theory 


CH3 


o 

/ 

-C — NH — CH2 — CH2- 


Simple  hydrolytic  cleavage  (I)  of  the  pantothenate  ion  to 
yield  /3-alanine  and  d(+)-a,y-dihydroxy-/3,/3-dimethylbutyric 
acid  [hereinafter  designated 
as  d(+) -dihydroxy  acid] 

and  lactonization  (II)  of  - - - - 

the  d(+)-dihydroxy  acid  to 
form  hydroxy-/3(l8- 

dimethylbutyrolactone 
[hereinafter  designated  as 
d(— )-lactone]  are  pictured 
as  in  the  formula  to  the 
right. 

A  1  per  cent  solution  of 
calcium  d(+)-pantothenate 
theoretically  gives  rise  to  a 
0.545  per  cent  solution  of  the 
d{— )-lactone,  assuming 

complete  hydrolysis  of  d(-)-a-Hydroxy-/3,/3- 

pantothenate  and  complete  dimethylbutyrolactone, 

lactonization  of  the  d(+)-  molecular  weight  130 


C  —  1  per  cent 


C  =  0.545  per  cent 


Ideal  curves  representing  the  rotation  through  all  stages  of 
cleavage  of  calcium  pantothenate,  assuming  zero  (curve  I) 


CH3OH 

-<Uh- 

Ah2oh 

Calcium  <3(+)-pantothenate,  molecular  weight  477 


+2HoO 


2H2N — CH2CH2COOH 
/3-alanine 


CHsOH 

I  I 

2CFI-— C - CH- 


CH2 


O 

/ 

-C 

I 

-0 
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ch3  oh 


H+ 

-e - 

-H20 
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2CH3 — C - CH— C 

I 

ch2oh 


\ 

OH 


II 


d ( + )  -  a ,  7  -  Dihydroxy- /3, /S- 
dimethylbutyric  acid 
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CALCIUM  PANTOTHENATE- MILLIGRAMS  PER  c.c  REMAINING 


Figure  1.  Specific  Rotation  of  1  Per  Cent  Calcium^  (-^-Pantothe¬ 
nate 

Representing  zero  to  complete  hydrolysis  at  different  pH  levels 


and  complete  (curve  II)  lactonization  of  the  d(+)-dihydroxy 
acid,  are  shown  in  Figure  1. 

The  validity  of  curve  I  was  tested  by  subjecting  1  per  cent 
solutions  of  calcium  pantothenate  to  treatment  with  0.01  N 
sodium  hydroxide  at  various  temperatures  and  taking  the 
rotation  at  intervals.  In  all  instances  the  specific  rotation 
finally  shifted  from  +27°  to  +7°.  The  reaction  required 
several  weeks  at  room  temperature,  but  only  about  24  hours  at 
100°  C. 

In  order  to  test  the  validity  of  curve  II,  the  following  ex¬ 
periment  was  conducted,  in  which  unbuffered  solutions  of 
calcium  d(+)-pantothenate  were  made  to  acid  pH  to  favor 
lactonization  of  the  d(+)-dihydroxy  acid. 

_  Calcium  Pantothenate  Unbuffered.  One  per  cent  solu¬ 
tions  of  calcium  d(+)-pantothenate  were  made  to  pH  4.0,  4.6, 
and  5.2  with  hydrochloric  acid  and  placed  in  well-capped  bottles 
in  a  60°  oven.  The  rate  of  destruction  was  followed  at  5-day 
intervals  by  measurement  of  the  rotation  and  by  microbiological 
assay  by  the  method  of  Strong,  Feeney,  and  Earle  (2).  The  gen¬ 
eral  good  agreement  between  the  values  estimated  from  curve  I 
and  the  microbiological  assay  values  is  shown  in  Table  I. 


Table  I.  Estimation  of  Rate  of  Destruction  of  Calcium 
d( "t" )-P ANTOTHENATE  AT  60°  C.  IN  UNBUFFERED  SOLUTION  BY 
Measure  of  Optical  Rotation 

Calcium  Pantothenate, 


Sample 

Treatment 

pH 

M2d5 

(C  =  1%) 

Per  Cent  of 

Estimated 

Original 

Microbial 

assay 

A 

°  C.  Days 

Original 

4.0 

+  27 

100 

100 

60 

5 

4.3 

+  11 

71 

73 

60 

10 

4.6 

+  7 

63.5 

66 

60 

15 

4.8 

+  3 

56 

55.5 

60 

20 

5.0 

-  1 

48 

45.6 

B 

Original 

4.6 

+  27 

100 

100 

60 

5 

4.8 

+  18.5 

85 

84 

60 

10 

5.1 

+  17 

82 

81 

60 

15 

5.3 

+  14 

76.5 

81 

60 

20 

5.5 

+  12 

71 

68 

C 

Original 

5.2 

+  27 

100 

100 

60 

15 

5.9 

+  27 

100 

100 

60 

20 

5.9 

+27 

100 

95 

The  gradual  rise  in  the  pH  of  all  solutions 
can  be  ascribed  to  the  liberation  of  /3-alanine, 
which  has  an  isoelectric  point  close  to  pH  6, 
and  to  the  gradual  lactonization  of  the 
d(+)-dihydroxy  acid,  which  exerts  a  pH 
effect  about  3.5  as  the  free  acid.  The  rate 
of  pH  change  decreased  as  the  more  stable 
range  was  approached.  This  paralleled  the 
lessened  rate  of  destruction. 

Effect  of  pH  on  d(  —  )-o:-Hydroxy-/3,/3- 
dimethylbutyro Lactone.  The  above  ex¬ 
periment  indicated  that  lactone  formation 
was  complete  below  pH  5.0,  as  might  be 
expected.  In  order  to  determine  the  effect 
of  pH  on  the  extent  of  lactonization,  the 
following  experiments  were  conducted: 

A  1  per  cent  solution  of  the  d(  —  )-lactone 
was  subjected  to  60°  for  10  days.  The  original 
pH  was  4.6  and  had  changed  to  3.6  at  the 
end  of  the  period;  however,  the  original  specific 
rotation  of  —51°  did  not  change  significantly 
throughout  the  period. 

The  necessity  of  buffering  solutions  for 
further  study  was  indicated,  and  equal  aliquots 
of  a  1  per  cent  solution  of  the  d{  —  )-lactone 
were  made  to  pH  7.4,  6.6,  6.0,  and  4.8  with 
mixtures  of  3  per  cent  solutions  of  monosodium 
and  disodium  phosphate.  Original  rotations 
were  taken  immediately.  The  solutions  were 
placed  at  60°  and  samples  were  removed  for  rotation  measure¬ 
ments  in  2,  5,  and  7  days  (Table  II).  Equilibrium  between  the 
lactone  and  acid  forms  was  apparently  reached  in  about  2  days 
and  was  not  changed  significantly  thereafter. 


Table  II.  Effect  of  pH  on  Specific  Rotation  of  d(—  )- 

a-HYDROXY-/3,/3-DIMETHYLBUTYROLACTONE  AT  60°  C. 


(C 

=  0.545  per  cent) 

pH 

M2d5 

pH 

[«12d5 

pH 

[«]2dS 

pH 

[«UD5 

Original 

7.6 

-28 

6.6 

-27 

6.0 

-27 

4.8 

-27 

60°  C.,  2  days 

7.2 

+  7 

6.4 

-  1 

5.8 

-  9 

4.6 

-26 

60°  C.,  5  davs 

7.2 

+  6 

6.4 

+  1 

5.8 

-  8 

4.6 

-27 

60°  C.,  7  days 

7.2 

+  6 

6.4 

+  2 

5.8 

-  7 

4.6 

-25 

60°  C..  14  days 

7.2 

+  6 

6.4 

+  2 

5.8 

-  6 

4.5 

-25 

In  view  of  the  above  finding,  it  appeared  possible  to  cal¬ 
culate  corrections  from  the  standard  decomposition  curve  of 
pantothenic  acid  to  account  for  incomplete  lactone  formation 
at  any  constant  pH.  The  following  experiment  was  run  to 
test  this  possibility: 

Calcium  Pantothenate  Buffered,  Correction  for  In¬ 
complete  Lactonization.  A  1  per  cent  solution  of  calcium 
d(  +  )-pantothenate  and  a  0.545  per  cent  solution  of  the  d{  —  )- 
lactone  were  made  up  and  each  solution  was  divided  into  four 
equal  parts.  The  equal  parts  of  the  two  solutions  were  then 
paired  off  and  the  members  of  each  pair  were  made  to  compar¬ 
able  pH,  using  small  amounts  of  monosodium  and  disodium 
phosphate,  sodium  hydroxide,  and  concentrated  phosphoric  acid 
as  required.  Calcium  phosphate  precipitated  in  the  calcium 
pantothenate  solutions,  but  did  not  interfere  with  the  collec¬ 
tion  of  data.  All  solutions  were  kept  at  60°  and  aliquots  were 
taken  for  rotation  and  assay  at  5-day  intervals.  Small  pH 
changes  occurred  throughout  the  experiment,  but  the  pH  in  each 
case  was  maintained  in  a  narrow  range.  The  pH  ranges  for  the 
paired  solutions  are  shown  in  Table  III. 

The  d{— )-lactone  was  stable  at  pH  3.9  to  4.7.  In  the  range 
pH  4.9  to  5.2,  the  hydrolysis  of  the  lactone  occurred  very 
slowly  and  to  only  a  slight  extent.  At  pH  5.6  to  5.9  the 
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Table  III.  Estimation  of  Rate  of  Destruction  of  Calcium  cI(+)-Pantothenate 

at  60°  C.  in  Buffered  Solution 


[By  measure  of  optical  rotation  and  correction  for  paired  solutions  of  d(  —  )-lactone] 

.  __  Ca  Pantothenate,  Per  Cent  of  Original 

Mb5  M2d5  Microbial 

Group 

Pair 

Lactone 

Ca  Pantothe- 

Estimated 

assay, 

Sample 

Days 

(C  =  0.545%) 

nate  (C  =  1%) 

Uncorrected 

Corrected 

found 

I 

Original 

-27.5 

+27 

100 

100 

pH  3. 9-4. 2 

1 

-27 

+  22 

91 

90 

5 

-27.5 

+  12 

73 

15 

-27.5 

-16 

21 

23.3 

19 

-27.5 

-20.5 

13 

13.1 

25 

-27.5 

-24 

6 

6.3 

II 

Original 

-27.5 

+26 

100 

100 

pH  4 . 4-4 . 7 

1 

-27 

+  16 

80 

80.5 

5 

-27 

+  7 

63 

69 

15 

-27 

-11 

29 

27 

19 

-27.5 

-14 

25 

21.9 

25 

-27.5 

-19 

14 

14.4 

III 

Original 

-27.5 

+26 

100 

100 

pH  4. 9-5. 2 

1 

-27.5 

+  21 

89 

89 

5 

-27.5 

+  13 

74 

78 

15 

-25 

+  3 

55 

53 

52.7 

19 

-25 

+  1.5 

53 

51 

58.4 

25 

-23 

-  3 

44 

41 

38.3 

IV 

Original 

-27.5 

+  27 

100 

100 

100 

pH  5. 6-5. 9 

1 

-23 

+  25 

97 

96 

96 

5 

-22 

+  23 

93 

92 

95 

15 

-16.5 

+  19.5 

87 

84 

76.6 

19 

-16 

+  10 

69 

61.5 

63.6 

25 

— 15 

+  11 

70 

62.5 

61.8 

hydrolysis  of  the  lactone  was  more  rapid  in  the  initial  stages 
But  continued  throughout  the  entire  period.  No  correction 
appeared  to  be  necessary  in  the  calcium  pantothenate  esti¬ 
mations  in  groups  1  and  2,  and  curve  I  (Figure  1)  was  applied 
with  fair  success,  as  seen  in  Table  III.  Corrections  for  in¬ 
complete  lactone  formation  were  made,  as  indicated,  for 
groups  3  and  4.  The  corrections  were  made  by  varying  the 
standard  curve  (Figure  1)  to  correspond  with  the  specific 
rotation  value  obtained  for  the  d(— )-lactone  at  the  particu¬ 
lar  pH  and  time  in  question.  These  corrections  are  rapidly 
■obtained  for  paired  solutions  by  extending  a  line  on  the  stand¬ 
ard  curve  from  the  +27°  point  for  1  per  cent  calcium  panto¬ 
thenate  to  the  a( — )-lactone  value  in  question  and  reading  the 
residual  calcium  pantothenate  of  the  paired  pantothenate 
solution  directly  from  its  rotation  value.  All  the  correction 
■curves  fall  naturally  between  curves  I  and  II  (Figure  1). 
As  seen  in  Table  III,  the  corrected  estimates  are  in  somewhat 
better  agreement  with  the  microbiological  assay  values  than 
the  uncorrected  estimates. 

Effect  of  pH  on  Lactonization  of  d(+)-a,Y-DiHY- 
DROXY-d,/3-DiMETHYLBijT yr] c  Acid.  In  the  foregoing  experi¬ 
ments  the  equilibria  values  obtained  at  various  pH  values 
starting  from  the  d(— )-lactone  were  thought  to  be  equivalent 
to  those  which  would  be  obtained  starting  from  the  corre¬ 
sponding  d(+) -dihydroxy  acid.  That  this  assumption  is 
essentially  correct  appears  to  be  borne  out  by  the  results  of 
the  experiments;  however,  a  large  difference  may  exist  in  the 
rate  of  closing  and  opening  of  the  lactone  ring,  and  the  effect 
of  temperature  on  the  equilibrium  between  the  two  forms  ob¬ 
tained  at  any  constant  pH  was  not  known.  The  following 
experiments  were  run  to  study  the  effect  of  pH  and  tempera¬ 
ture  on  the  rate  and  completeness  of  lactonization  of  the 
d(+)-dihydroxy  acid. 


A  0.545  per  cent  solution  of  the  d(—  )-lactone  in  0.01  N  sodium 
hydroxide  was  converted  quantitatively  to  the  <2(  +  )-dihydroxy 
acid  by  mild  heating.  The  solution  was  divided  into  5  equal 
parts  which  were  made  to  varying  pH  values  by  adding  appro¬ 
priate  mixtures  of  dry  phosphate  buffer  plus  hydrochloric  acid 
as  needed  (Table  IV).  Half  of  each  buffered  solution  was  placed 
at  60°  and  the  other  half  maintained  at  room  temperature. 
Optical  rotation  measurements  were  made  at  intervals,  as  shown 
an  Table  IV. 


Lactonization  proceeded  much 
more  rapidly  at  60°  than  at  room 
temperature.  Equilibrium  was  at¬ 
tained  between  the  acid  and  lactone 
forms  at  each  pH  level  in  a  period 
of  less  than  20  days.  This  was 
true  also  in  the  preceding  experi¬ 
ments  (Tables  II  and  III)  when 
starting  from  the  d(— )-lactone. 

Room-temperature  studies  with  the 
d(+)-dihydroxy  acid  (Table  FV)  in¬ 
dicated  that  equilibria  values,  par¬ 
ticularly  at  the  higher  pH  levels, 
may  be  different  from  those  obtained 
at  60°.  Equilibrium  was  not  reached 
in  55  days  in  the  samples  at  lower 
pH  levels. 

The  rate  of  lactonization  of  d(+)- 
dihydroxy  acid  both  at  60°  and  at 
room  temperature  appears  to  be 
greater  than  the  rate  of  hydrolysis 
of  pantothenate  at  all  pH  levels 
where  the  pH  favors  lactonization. 
Thus  there  should  be  no  large  excess 

- —  of  d(+ )-dihydroxy  acid  arising  from 

hydrolysis  of  pantothenate  in  solu¬ 
tion  at  any  time  at  pH  levels  which 
favor  complete  lactonization.  At  pH  levels  where  lactoni¬ 
zation  is  partial — i.  e.,  pH  4.7  to  6 — correction  has  been 
made  most  satisfactorily  by  use  of  paired  solutions  of  the 
d(—} -lactone,  as  previously  described.  Use  of  the  d(+)- 
dihydroxy  acid  has  not  proved  so  satisfactory  for  paired 
solutions  at  60°. 

As  can  be  seen  by  comparing  Tables  III  and  IV,  equilibria 
values  at  equal  pH  levels  at  60°  are  about  the  same  whether 
starting  from  the  d(— )-lactone  or  the  d(+) -dihydroxy  acid. 
Thus,  when  equilibrium  is  reached,  the  correction  will  be 
about  equal  starting  from  either  compound.  Further  study 
is  needed  to  establish  the  validity  of  the  method  of  correc¬ 
tion  as  herein  applied,  particularly  in  regard  to  the  beginning 
stages  of  pantothenate  destruction. 


Table  IV.  Effect  of  pH  on  Lactonization  of  d(+)-a,y- 

DlHYDROXY  -  P,0  -  DIMETH YLB UTYRIC  AciD  AT  ROOM  TEMPERA¬ 
TURE  AND  AT  60° 

[C  =  0.545%,  as  d(  —  J-a-hydroxy-d.S-dimethylbutyroIactone] 


Time  of 

pH 

pH 

pH 

pH 

pH 

Sampling 

3 . 9-4 . 2 

4. 4-4. 7 

4 . 9-5 . 2 

5. 3-5. 6 

6. 0-7.0 

Days 

[alb5 

Samples  Maintained  at  60° 

Original 

+  7 

+  7 

+  7 

+  7 

+  7 

1 

-  6 

+  1 

+  3 

+  3 

+  5 

4 

-13 

-  7 

-  4 

0 

+  4 

8 

-22 

-17 

-11 

-  6 

+  4 

12 

-26 

-25 

-15 

-12 

+  4 

20 

-28 

-27 

-23 

-17 

+  4 

35 

-28 

-27 

-23 

-17 

+  4 

Paired  Room  Temperature  Samples 

Original 

+  7 

+  7 

+  7 

+  7 

+  7 

1 

+  2 

+  6 

+  6 

+  7 

+  7 

4 

0 

+  4 

+  7 

+  7 

+  7 

8 

-  3 

+  1 

+  5 

+  7 

+  7 

12 

-  8 

0 

+  3 

+  5 

+  7 

20 

-11 

-  3  . 

0 

+  3 

+  7 

35 

-17 

-  7 

-  2 

+  3 

+  7 

55 

-24 

-11 

-  5 

+  3 

+  7 

Effect  of  Excess  Acid  on  Rotation  and  Rate  of  Hy¬ 
drolysis  of  Calcium  d(+) -Pantothenate.  One  per  cent 
solutions  of  calcium  d(+)-pantothenate,  containing  0.5  per 
cent  of  chlorobutanol  as  a  preservative,  were  made  to  pH 
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2.2  and  1.3  with  concentrated  hydrochloric  acid.  Twice  as 
much  was  used  to  acidify  to  pH  1.3  as  was  used  to  acidify  to 
pH  2.2.  The  initial  specific  rotation  of  these  solutions  was 
+22°  in  each  case.  Further  experiments  indicated  that  the 
specific  rotation  of  pantothenate  is  decreased  progressively 
at  pH  more  acid  than  4.  Stability  studies  were  conducted 
on  the  above  solutions  with  a  control  solution  at  pH  6.3,  as 
shown  in  Table  V. 

In  the  case  of  solutions  more  acid  than  pH  4,  estimations 
for  residual  pantothenate  made  from  curve  II  (Figure  1) 
fell  considerably  below  the  values  found  by  microbiological 
assay.  This  followed  naturally  from  the  fact  that  the  specific 
rotation  of  calcium  pantothenate  was  depressed  from  +27° 
to  +22°  at  this  pH.  Experiments  showed  that  the  rotation 
of  d(— )-lactone  was  not  changed  at  pH  more  acid  than  4. 
A  curve  then  drawn  from  +22°  to  —27.5°  gave  values  in  good 
agreement  with  those  found  by  microbiological  assay  (Table 
V). 


Table  V.  Specific  Rotation  of  Calcium  d(  +  )-P antothe- 
nate  at  Room  Temperature  in  Presence  of  Excess  Acid 


Sample 

pH 

r  1 2  5 
[a]  D 

(C  =  1%) 

Estimated 

Microbial 

Assay, 

Found 

Days 

Original 

1.3 

+  22 

% 

100 

% 

i 

1.3 

+  20.5 

97 

95 

8 

1.4 

+  6 

67.5 

67.2 

20 

1.5 

-  3 

49 

48.9 

40 

1.7 

-12 

30.5 

27.3 

Original 

2.2 

+22 

100 

1 

2.0 

+  20 

96 

93.7 

8 

2.1 

+  16 

88 

86 

20 

2.26 

+  14 

83 

79.4 

40 

2.3 

+  8 

71 

68 

Original 

6.3 

+27 

100 

1 

6.2 

+  27 

100 

8 

6.2 

+  27 

100 

97.5 

20 

6.5 

+  27 

100 

99.8 

40 

6.9 

+  28 

100 

98.2 

Application  of  Method 

Under  optimum  conditions  the  presence  of  thiamine,  ribo¬ 
flavin,  nicotinamide,  pyridoxine,  or  various  combinations  did 
not  obviate  application  of  the  method  for  rapid  study  of 
stability  of  pantothenate.  In  the  pH  range  in  which  it  is  most 
stable — i.  e.,  more  acid  than  6.6 — riboflavin  has  no  appreci¬ 
able  optical  rotatory  power.  None  of  the  other  compounds 
mentioned  is  optically  active. 

These  studies  clearly  demonstrate  the  incompatibility  of 
thiamine  and  pantothenate  in  aqueous  mixtures.  Panto¬ 
thenate  is  most  stable  in  a  pH  range  of  about  5.5  to  7.  Hy¬ 
drolysis  of  the  molecule  occurs  at  an  increasing  rate  as  the  pH 
moves  away  from  this  range  on  either  the  acid  or  alkaline  side. 
Thiamine  becomes  increasingly  less  stable  at  pH  more  alka¬ 
line  than  4,  as  shown  by  a  large  number  of  independent  ex¬ 
periments  conducted  in  this  laboratory  during  the  last  four 
years. 

In  presence  of  air,  pyridoxine  is  oxidized  to  a  colored  com¬ 
pound  of  sufficient  intensity  to  obviate  rotation  measure¬ 
ments.  When  oxygen  was  excluded  pyridoxine  was  found 
to  be  compatible  with  pantothenate  at  neutral  pH. 

Nicotinamide  in  concentrations  from  2  to  15  per  cent  had  a 
stabilizing  effect  for  pantothenate  at  pH  7  to  9,  but  not  at 
pH  4  to  5  where  it  appeared  to  have  a  small  labilizing  effect. 
The  effect  of  thiamine  and  riboflavin  on  pantothenate  was 
negligible. 

Since  hydrolysis  appeared  as  the  main  mechanism  of  de¬ 
struction  of  pantothenate,  it  seemed  likely  that  the  molecule 
would  resist  dry  heating  up  to  the  point  of  decomposition. 


To  test  this  hypothesis,  dry  calcium  pantothenate  was  heated 
at  120°  for  40  hours.  Rotation  measurements  on  the  heat- 
treated  pantothenate  indicated  about  12  per  cent  destruction. 
Since  the  presence  of  traces  of  moisture  might  account  for  con¬ 
siderable  destruction  of  pantothenate,  a  similar  experiment  was 
run  in  which  the  calcium  pantothenate  was  mixed  with  an  equal 
weight  of  a  dehydrating  agent — i.  e.,  silica  gel  or  calcium  sulfate — 
preliminary  to  heating.  In  this  experiment  no  destruction  of 
pantothenate  occurred,  as  measured  by  both  the  rotation  method 
and  the  microbiological  assay  method.  Further  evidence  that 
traces  of  water  may  react  to  destroy  pantothenate  at  high  tem¬ 
peratures  was  obtained  by  mixing  calcium  pantothenate  with  an 
equal  weight  of  disodium  hydrogen  phosphate  dodecahydrate 
and  heat-treating  the  mixture  as  above.  About  one  third  of  the 
pantothenate  was  destroyed  by  this  treatment.  In  presence  of 
anhydrous  disodium  phosphate  only  2  to  4  per  cent  of  the  original 
pantothenate  was  lost. 

Acidic  substances  appeared  to  exert  a  catalytic  destructive 
effect  toward  pantothenate  even  when  only  traces  of  moisture 
were  present.  Thus,  addition  of  small  amounts  of  benzoic  acid, 
succinic  acid,  or  nicotinamide  hydrochloride  caused  rapid  destruc¬ 
tion  of  admixed  calcium  pantothenate  at  120°. 

Calcium  pantothenate  is  moderately  hygroscopic  and  might 
be  expected  to  be  somewhat  less  stable  in  a  humid  than  in  a  dry 
atmosphere.  Calcium  pantothenate  samples  alone  and  admixed 
with  equal  weights  of  silica  gel  and  calcium  sulfate  were  placed 
in  a  container  together  with  a  vessel  from  which  water  could 
evaporate  freely  and  the  whole  was  subjected  to  60°  for  2  weeks. 
No  destruction  of  pantothenate  in  presence  of  either  desiccant 
took  place  as  shown  by  rotation  measurement.  Destruction  of 
pantothenate  in  absence  of  a  desiccant  was  slight  but  detect¬ 
able  and  was  estimated  at  about  5  per  cent  of  the  original. 


Discussion 

The  suggested  method  for  estimation  of  pantothenate  in 
solutions  of  known  chemical  content  deserves  further  study 
both  to  establish  the  validity  of  the  method  and  to  increase 
its  precision.  The  microbiological  assay  method  of  Strong, 
Feeney,  and  Earle  (2)  is  thought  to  be  accurate  to  within  ±5 
per  cent  when  no  interfering  substances  are  present.  In  most 
instances  in  this  study,  values  for  pantothenate  estimated  by 
rotation  were  within  ±  5  per  cent  of  those  found  by  the  micro¬ 
biological  method.  The  rotation  method  is  thought  to  be 
precise  for  simple  mixtures  at  acid  pH  where  lactone  forma¬ 
tion  parallels  the  rate  of  destruction,  and  is  applicable, 
though  inherently  less  accurate,  at  neutral  or  alkaline  pH 
where  no  lactone  formation  occurs.  At  intermediate  pH 
values  where  correction  for  incomplete  lactone  formation  is 
needed — i.  e.,  pH  4.5  to  6 — the  accuracy  of  the  method  is 
largely  dependent  on  the  accuracy  of  the  correction. 

The  pH  of  optimal  stability  of  pantothenate  is  in  the  range 
of  pH  5.5  to  7,  but  may  vary  somewhat,  depending  on  the 
presence  of  materials  which  may  catalyze  hydrolysis.  The 
presence  of  phosphate  buffer  appeared  to  catalyze  hydrolysis 
of  pantothenate  (compare  Tables  I  and  III).  Tins  observa¬ 
tion  was  confirmed  by  further  studies  in  which  the  micro¬ 
biological  assay  was  used  exclusively.  The  presence  of  elec¬ 
trolytes  in  general  appeared  to  have  slight  catalytic  effect  to¬ 
ward  destruction  of  pantothenate.  Stability  was  not  so 
satisfactory  in  presence  of  other  /3-complex  vitamins  at  neu¬ 
tral  or  acid  pH  as  in  their  absence  at  similar  pH.  Panto¬ 
thenate  in  water  alone  appeared  to  be  stable  for  20  days  at 
60°  at  pH  5.5  to  7. 

Susceptibility  of  pantothenate  to  hydrolytic  cleavage  in 
the  semidry  form  where  only  small  amounts  of  moisture  are 
concerned  was  demonstrated  in  various  ways.  The  rate  of 
destruction,  just  as  in  solution,  was  dependent  upon  effective 
pH.  Methods  of  food  drying  and  processing  can  be  expected 
to  have  a  large  effect  on  the  amount  of  pantothenate  de¬ 
stroyed.  Rapid  and  complete  drying  and  storage  in  the  cold 
should  yield  by  far  the  best  results.  Destruction  of  panto¬ 
thenate  in  natural  grain  rations  for  the  chick  has  been  re¬ 
ported  ( 3 )  to  occur  in  100  hours  at  100°  or  more  completely 
in  30  hours  at  120°.  The  amount  of  water  derived  from  the 
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feed  mixture  is  apparently  sufficient  under  these  conditions  to 
allow  cleavage  of  the  pantothenate  contained  therein.  This 
appears  as  the  most  likely  explanation,  since  pantothenate 
was  found  completely  stable  under  even  more  drastic  condi¬ 
tions  when  kept  entirely  free  from  moisture. 

Unfortunately,  the  natural  stability  of  many  of  the  vita¬ 
mins — i.  e.,  thiamine,  pyridoxine,  and  ascorbic  acid — is  poor 
at  the  pH  of  optimal  stability  of  pantothenate.  This  fact 
deserves  careful  consideration  in  the  case  of  pharmaceutical 
preparations  and  foods  where  loss  of  pantothenate  is  to  be 
avoided. 

Summary 

Pantothenate  destruction  under  ordinary  conditions  can  be 
traced  to  hydrolysis  of  the  molecule.  A  method  is  described 
for  following  the  destruction  of  calcium  d(+) -pantothenate 
by  rapid  polarimetric  analysis. 

The  rate  of  pantothenate  destruction  is  a  function  of  pH 
and  temperature  and  is  affected  also  by  presence  of  other 
substances  both  in  aqueous  solution  and  in  dry  mixtures. 
Optimum  stability  of  pantothenate  lies  in  the  approximate 
range,  pH  5.5  to  7.  The  rate  of  destruction  increases  as  the 
pH  moves  away  from  this  range.  Only  traces  of  water  are 
needed  to  cause  significant  destruction  of  pantothenate  when 
other  conditions  favor  hydrolysis. 

Special  significance  is  attached  to  the  apparent  incom¬ 
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patibility  of  pantothenate  with  certain  other  vitamins,  no¬ 
tably  thiamine. 
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Colorimetric  Determination  of  Cobalt 
with  o-Nitrosoresorcinol 


LYLE  G.  OYERHOLSER  AND  JOHN  H.  YOE, 


YOE  and  Barton  (2)  reported  a  study  of  the  reaction  of  (3- 
nitroso-a-naphthol  with  cobalt,  including  spectrophoto- 
metric  data,  and  found  the  reaction  applicable  to  the  colori¬ 
metric  determination  of  small  amounts  of  cobalt.  The  main 
disadvantage  in  using  this  reagent  is  due  to  the  insolubility  of 
the  cobalt  complex.  The  colored  suspension  tends  to  precipi¬ 
tate  on  standing,  resulting  in  a  limited  stability. 

The  authors  observed  that  a  similar  organic  compound,  o- 
nitrosoresorcinol,  also  reacts  with  cobalt  and  may  be  advan¬ 
tageously  employed  as  a  colorimetric  reagent  for  this  element. 
o-Nitrosoresorcinol  is  slightly  less  sensitive  for  cobalt  than  is 
/3-nitroso-a-naphthol,  but  solutions  of  the  cobalt  complex  of  o- 
nitrosoresorcinol  are  stable  for  several  weeks. 

Cronheim  ( 1 )  used  o-nitrosophenol  for  the  colorimetric 
determination  of  cobalt,  extracting  the  cobalt  complex  with 
petroleum  ether  and  measuring  the  intensity  of  the  colored 
ether  fraction.  The  authors  were  unable  to  extract  the  cobalt 
complex  of  o-nitrosoresorcinol  with  any  immiscible  solvent. 

Spectrophotometric  data  for  solutions  of  o-nitrosoresorcinol, 
the  cobalt  complex,  and  the  complexes  of  other  metals  are 
presented  in  this  paper.  A  colorimetric  method  for  the  deter¬ 
mination  of  cobalt  in  the  presence  of  nickel  is  given. 

Apparatus  and  Materials 

Transmittancy  measurements  were  made  with  a  Beckman 
spectrophotometer,  Model  D,  using  a  solution  thickness  of  1  cm. 
and  distilled  water  as  a  standard. 

The  visual  observations  were  performed  with  50-ml.  (220-mm.) 
Nessler  tubes. 

pH  measurements  were  made  with  the  glass  electrode. 
o-Nitrosoresorcinol  (Eastman  No.  2088).  An  aqueous  0.05 
per  cent  solut  ion  of  the  sodium  salt  was  employed.  This  reagent 
solution  is  stable  for  several  weeks. 


University  of  Virginia,  Charlottesville,  Ya. 

Cobalt.  A  stock  solution  containing  1  mg.  of  cobalt  per  ml. 
was  prepared  from  c.  p.  cobalt  nitrate  hexahydrate.  Solutions 
containing  20  or  100  p.  p.  m.  of  cobalt,  prepared  by  dilution  of  the 
stock  solution,  were  used  in  the  experiments. 

Nickel,  c.  p.  nickel  nitrate  hexahydrate  was  purified  by 
precipitating,  as  potassium  cobaltinitrite,  any  cobalt  present 
and  filtering.  The  nickel  was  precipitated  as  the  hydroxide, 
filtered,  washed  thoroughly,  and  dissolved  in  hydrochloric  acid. 
The  nickel  content  was  determined  gravimetrically  with  di- 
methylglyoxime. 

Buffer.  A  buffer  solution  having  a  pH  of  6.0  was  prepared 
by  adding  363  ml.  of  0.5  M  sodium  hydroxide  to  500  ml.  of  0.4  M 
potassium  biphthalate  and  diluting  to  1  liter  with  water.  The 
pH  of  the  buffer  is  practically  unchanged  when  diluted  from  25  to 
100  ml. 

All  other  reagents  used  were  of  the  highest  purity  obtainable. 

Experimental 

The  usual  procedure  followed  in  this  work  was  to  transfer  the 
desired  quantity  of  cobalt  to  a  100-ml.  volumetric  flask,  add  25 
ml.  of  buffer  and  5  ml.  of  the  reagent,  and  dilute  to  the  mark  with 
water.  After  thorough  mixing,  color  comparisons  were  made  in 
Nessler  tubes  and  transmittancy  measurements  made  on  another 
portion  of  the  solution. 

Using  Nessler  tubes,  1  part  of  cobalt  in  20,000,000  parts  of 
solution  may  be  determined  at  cobalt  concentrations  of  0  to 
0.08  mg.  per  100  ml.;  1  in  10,000,000  at  0.08  to  0.2  mg.;  1  in 
5,000,000  at  0.2  to  0.25  mg.  These  are  also  the  approximate 
increments  to  be  employed  in  making  up  a  standard  series. 
The  spectrophotometer  is  slightly  more  sensitive;  1  part  of 
cobalt  in  50,000,000  of  solution  may  be  detected. 

Transmittancy  curves  for  solutions  of  the  reagent  and  of  the 
cobalt  complex  are  given  in  Figure  1.  The  concentration  of 
the  reagent  must  be  kept  relatively  low  to  prevent  a  decrease 
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Figure  1.  Effect  of  Cobalt  Concentration 

1.  25  p.  p.  m.  of  reagent,  no  Co 

2.  0.1  p.  p.  m.  of  Co 

3.  0.5  p.  p.  m.  of  Co 

4.  1  p.  p.  m.  of  Co 

5.  2.5  p.  p.  m.  of  Co 


in  the  sensitivity  for  cobalt,  because  the  reagent  is  highly 
colored  and  absorbs  strongly  in  the  same  spectral  region  as  the 
cobalt  complex.  The  reaction  rate,  however,  is  prohibitively 
slow  at  very  low  reagent  concentrations.  The  concentration 
of  reagent  recommended,  2.5  mg.  per  100  ml.,  results  in  im¬ 
mediate  color  formation  and  also  permits  the  determination  of 
small  amounts  of  cobalt. 

The  maximum  amount  of  cobalt  determinable  is  limited  by 
the  relatively  small  amount  of  reagent  employed.  No  increase 
in  intensity  occurs  if  the  quantity  of  cobalt  present  exceeds 
0.26  mg.  with  2.5  mg.  of  reagent.  These  quantities  corre¬ 
spond  to  a  molar  ratio  of  reagent  to  cobalt  of  slightly  greater 
than  3  to  1.  This  indicates  that  the  compound  formed  is  an 
inner  complex  of  nitrosoresorcinol  and  the  cobaltic  ion,  similar 
to  that  obtained  with  /?-nitroso-a-naphthol. 

The  maximum  difference  between  the  transmittancy  of 
solutions  of  the  reagent  and  of  the  cobalt  complex  occurs  at  a 
wave  band  of  420  to  430  m/i  at  low  cobalt  concentrations. 
Most  of  the  measurements  were  made  in  this  region.  A  wave 
length  of  450  m/i  may  be  advantageously  used  for  cobalt  con¬ 
centrations  above  0.15  mg.  per  100  ml.  The  validity  of  Beer’s 
law  at  430  and  450  is  shown  in  Figure  2. 

Effect  of  pH.  The  color  of  the  reagent  varies  markedly 
with  the  pH  of  the  solution.  Below  pH  2.5  it  has  a  pale  green¬ 
ish-yellow  color  which  increases  in  intensity  and  becomes 
orange  as  the  pH  increases  from  2.5  to  5.6.  From  5.6  to  6.5 
little  change  in  the  intensity  occurs,  but  it  increases  slightly 
at  7 .0.  A  further  increase  in  pH  results  in  a  slight  decrease  in 
intensity.  The  transmittancy  curves  of  solutions  of  the 
reagent  at  various  pH’s  are  given  in  Figure  3.  No  break  in 
the  curve  at  a  wave  length  of  440  m^t  is  observable  at  a  pH  of 
4.0. 

The  pH  also  influences  the  intensity  of  the  red  color  of  the 
cobalt  complex.  No  visible  reaction  occurs  below  a  pH  of  2.0. 
The  intensity  of  the  color  increases  from  2.0  to  5.6,  is  practi¬ 


cally  constant  from  5.6  to  6.3,  and  decreases  slightly  with  in¬ 
creasing  pH  above  6.5.  A  pH  of  6.0  was  employed  in  all 
experiments,  although  the  method  is  applicable  at  a  pH 
range  of  5.6  to  6.5.  Figure  4  shows  the  transmittancy  curves 
of  solutions  of  the  cobalt  complex  at  various  pH’s. 

To  afford  increased  buffer  capacity,  the  concentration  of 
the  buffer  may  be  increased  without  any  effect  on  the  intensity 
of  the  color.  A  biphthalate-sodium  hydroxide  buffer  was 
employed  in  preference  to  a  phosphate  or  citrate  buffer  be¬ 
cause  the  presence  of  phosphate  or  citrate  causes  a  decrease 
in  the  intensity  of  the  color  of  the  cobalt  complex. 

The  rate  of  reaction  is  dependent  on  the  pH  of  the  solution, 
being  slower  at  a  pH  of  less  than  5.6  than  above  this  value. 
The  reaction  occurs  practically  instantaneously  at  a  pH  of 
6.0  and  above. 

Stability.  Solutions  of  the  cobalt  complex  are  stable  for 
at  least  a  month.  The  transmittancy,  at  450  m n,  of  a  solu¬ 
tion  containing  0.15  mg.  of  cobalt  was  0.128  when  prepared 
and  remained  unchanged  for  a  month.  The  transmittancy  of 
solutions  of  the  reagent  changes  slightly  on  long  aging — 
for  example,  the  transmittancy  at  450  m^  increased  from  0.488 
to  0.510  after  a  month.  The  transmittancy  increases  slightly 
at  wave  lengths  less  than  500  m/x  but  decreases  at  longer  wave 
lengths  on  aging.  Visually,  solutions  of  the  reagent  fade 
slightly  on  long  aging  in  the  buffer  or  aqueous  medium. 

Interference.  In  these  studies  the  usual  procedure  was 
followed  but  the  ion  in  question  was  added  prior  to  the  addi¬ 
tion  of  the  reagent.  Observations  were  made  in  the  absence 
of  cobalt  and  at  a  cobalt  concentration  of  1  p.  p.  m. 

The  presence  of  5  grams  of  sodium  nitrate,  potassium  chlo¬ 
ride,  ammonium  nitrate,  sodium  chloride,  or  ammonium 


Figure  2.  Test  of  Beer’s  Law  with  Cobalt-Nitroso- 

RESORCIN OL  SOLUTION 

1.  430  m/x 

2.  430  m /x,  50  p.  p.  m.  of  Ni 

3.  450  m/x 

4.  450  m/x,  50  p.  p.  m.  of  Ni 
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Figure  3.  Effect  of  pH  on  Nitrosoresorcinol  Solu¬ 
tions 

1.  pH  =  4.0 

2.  pH  =*  4.6 

3.  pH  =  5.2 

4.  pH  =  5.6— 6.3 

5.  pH  =  7.0  (25  p.  p.  m.  of  reagent) 

chloride  had  no  effect  on  the  transmittancy  of  the  solutions 
at  430  m/x.  Visually,  the  presence  of  more  than  1  gram  of 
ammonium  chloride  produced  a  green  tint.  All  the  other 
salts  cause  a  similar  off  shade  of  color  on  standing.  However, 
if  the  color  comparisons  are  made  within  an  hour  the  salts 
cause  no  interference.  The  concentration  of  various  ions 
that  may  be  present  without  interference  is  given  in  Table  I. 


Table  I.  Concentrations  Not  Interfering 


Ions  Concentration 

P.  p.  m. 

Ba  +  +,  Ca  +  +,  Mg  +  +,  Pb++  100 

Mn  ++,  Th  +  +  +  +,  Yb  +  +  +,  Yt  +  +  +  10 

Cr  +  +  +  5 

Ag+,  A1  +  +  +  Hg+,  Hg  +  +  1 

Ti  +  +  +  +,  Zr  +  +  +  +  0.5 


The  interference  of  the  other  common  metals  is  considered 
in  more  detail  in  the  following  sections. 

Copper.  The  cupric  ion  reacts  with  o-nitrosoresorcinol,  giving 
a  complex  that  is  nearly  as  intense  in  color  as  that  with  cobalt. 
From  the  transmittancy  curve  for  a  solution  of  the  copper  com¬ 
plex  (Figure  5)  it  is  evident  that  no  wave  band  may  be  employed 
that  will  eliminate  the  interference  of  the  cupric  ion.  The 
technique  used  for  determining  cobalt  in  the  presence  of  nickel, 
described  below,  is  not  applicable  for  copper.  Apparently,  the 
complex  formed  with  the  cupric  ion  is  more  stable  than  that  with 
nickel.  The  quantity  of  copper  present  must  not  exceed  0.01  to 
0.02  mg.  in  either  the  visual  or  spectrophotometric  methods. 

Zinc.  The  transmittancy  curve  for  the  zinc  complex  is  given 
in  Figure  5.  The  reagent  is  not  sensitive  for  zinc,  a  concentration 
of  20  p.  p.  m.  not  interfering  in  the  visual  method.  A  zinc 
concentration  of  1000  p.  p.  m.  causes  no  interference,  if  the 
transmittancy  measurements  are  made  at  a  wave  band  of  420  mp. 
The  high  zinc  concentration  does  cause  a  decrease  in  the  rate  of 
formation  of  the  cobalt  complex.  Thus,  at  a  zinc  concentration 
of  1000  p.  p.  m.  it  is  necessary  to  allow  the  solutions  to  stand  3  to  4 
hours  before  making  the  measurements  if  the  cobalt  concentration 
is  1  p.  p.  m.  At  lower  cobalt  or  zinc  concentrations  a  shorter 
period  of  time  is  required.  No  evidence  of  the  precipitation  of 
zinc  hydroxide  was  observed,  even  at  a  zinc  concentration  of  5000 
p.  p.  m. 


Cadmium.  A  solution  of  the  cadmium  complex  gives  a  trans¬ 
mittancy  curve  similar  to  that  for  zinc,  as  seen  in  Figure  5. 
Visually,  a  cadmium  concentration  of  100  p.  p.  m.  causes  no  inter¬ 
ference;  1000  p.  p.  m.  of  cadmium  cause  no  interference  if  the 
transmittancy  measurements  are  made  at  a  wave  band  of  425  mji. 
The  measurements  may  be  made  immediately,  since  this  high 
cadmium  concentration  does  not  decrease  the  reaction  rate  of 
cobalt  with  the  reagent.  The  cadmium  concentration  must  be 
limited  to  approximately  1000  p.  p.  m.  to  avoid  possible  precipita¬ 
tion  of  the  hydroxide. 

Palladium.  The  transmittancy  curve  for  a  solution  of  the 
palladous  complex  given  in  Figure  5  is  similar  to  that  for  the  co¬ 
balt  complex.  The  intensity  of  the  colored  palladous  complex  at 
low  concentrations  is  almost  as  great  as  that  of  the  cobalt  com¬ 
pound.  The  reagent  is  not  recommended  for  palladium,  how¬ 
ever,  because  the  complex  is  slow  in  forming  and  the  colored  solu¬ 
tions  are  not  stable  after  the  complex  has  formed.  Palladium 
must  be  absent  to  avoid  interference. 

Iron.  The  reagent  reacts  with  ferric  ions,  giving  a  green  solu¬ 
tion  at  a  concentration  as  low  as  0.1  p.  p.  m.  The  use  of  citrate  or 
tartrate  does  not  completely  eliminate  this  interference.  The  in¬ 
tensity  of  the  colored  solution  increases  and  the  transmittancy 
decreases  slowly  on  aging.  The  interference  due  to  iron  can  be 
eliminated  by  precipitating  the  ferric  iron  with  potassium  fluoride 
and  filtering.  Unfortunately,  some  of  the  ferric  salts,  from  differ¬ 
ent  sources,  contained  an  unidentified  interfering  .substance. 
Solutions  prepared  from  ferric  nitrate  nonahydrate  or  ferric 
ammonium  sulfate  dodecahydrate  caused  no  interference,  visually 
or  spectrophotometrically.  Those  prepared  from  ferric  chloride 
hexahydrate  or  iron  wire  did  interfere,  producing  slightly  darker 
colored  solutions  than  obtained  in  the  absence  of  iron.  This 
interference  could  be  eliminated  by  purifying  the  iron  salts  before 
use. 

The  reagent  is  not  recommended  for  cobalt  if  iron  is  present, 
because  it  is  impossible  to  know  whether  or  not  the  interfering 
substance  accompanies  the  iron.  The  results  obtained,  however, 
do  show  that  a  clean-cut  separation  of  cobalt  from  iron  is  possible 
by  precipitating  the  iron  as  the  complex  fluoride — for  example, 
no  cobalt  is  lost  when  the  iron  is  precipitated  from  a  solution  con¬ 
taining  500  mg.  of  iron  and  0.05  mg.  of  cobalt,  a  ratio  of  10,000  to  1. 

Determination  of  Cobalt  in  the  Presence  of  Nickel 

Nickel  also  forms  a  colored  complex  with  o-nitrosoresorcinol 
under  the  conditions  used  for  the  determination  of  cobalt. 
The  transmittancy  curve  for  the  nickel  complex  (Figure  5) 


Figure  4.  Effect  of  pH  on  Cobalt-Nitrosoresor- 
cinol  Solutions 

1.  pH  =  4.0 

2.  pH  =  4.6 

3.  pH  ■»  5.2  and  7.0 

4.  pH  =»  6.0  (0.5  p.  p.  m.  of  Co) 
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Figure  5.  Transmittanct  Curves  for  Solutions  of 
Metal  Complexes  of  Nitrosoresorcinol 

1.  25  p.  p.  m.  of  reagent 

2.  2000  p.  p.  m.  of  Cd 

3.  2000  p.  p.  m.  of  Zn 

4.  50  p.  p.  m.  of  Ni 

5.  5  p.  p.  m.  of  Cu 

6.  3  p.  p.  m.  of  Co 

7.  10  p.  p.  m.  of  Pd 

shows  that  at  no  wave  band  may  the  interference  of  nickel  be 
effectively  eliminated.  The  nickel  concentration  would  have 
to  be  limited  to  0.5  p.  p.  m.,  if  this  interference  could  not  be 
eliminated  by  some  method. 

Using  a  constant  cobalt  concentration,  the  intensity  of  the 
color  increases  with  increasing  nickel  concentration  up  to 
approximately  10  p.  p.  m.  The  intensity  is  less  immediately 
after  adding  the  reagent  at  higher  nickel  concentrations  but 
increases  on  standing  until  the  intensity  is  the  same  as  at  10 
p.  p.  m.  This  is  understandable,  if  it  is  remembered  that  the 
total  intensity  of  the  color  is  the  sum  of  that  of  the  cobalt  and 
nickel  complexes  and  that  the  intensity  of  the  cobalt  complex 
is  greater  than  that  of  the  nickel  at  the  same  concentration. 
At  the  lower  nickel  concentrations,  the  cobalt  complex  forms 
immediately  and  any  reagent  in  excess  of  that  required  for 
the  cobalt  forms  the  nickel  complex  simultaneously.  At  the 
higher  nickel  concentrations,  however,  the  formation  of  the 
nickel  complex  is  favored,  but  since  the  cobalt  complex  is  more 
stable  than  the  nickel  complex  a  slow  shift  from  the  nickel  to 
the  cobalt  complex  occurs,  resulting  in  the  increase  in  the  color 
intensity  on  standing. 

The  transmittancy  of  solutions  of  the  nickel  complex  is 
practically  independent  of  the  nickel  concentration,  if  the 
latter  is  above  10  p.  p.  m.  This  indicates  that  the  concentra¬ 
tion  of  nickel  does  not  have  to  be  controlled  carefully,  pro¬ 
viding  the  concentration  is  above  10  p.  p.  m.  The  reaction 
rate,  between  the  cobalt  and  reagent,  however,  decreases  with 
increasing  nickel  concentration,  thereby  setting  a  practical 
limit  to  the  amount  of  nickel  that  may  be  present. 

An  increase  in  the  concentration  of  the  reagent  increases 
the  reaction  rate  but  results  in  a  decrease  in  the  sensitivity. 
This  difficulty  is  avoided  if  the  volume  of  the  solution  is  kept 
below  50  ml.  during  the  aging  period  and  diluted  to  100  ml. 
before  making  the  measurements.  The  aging  is  carried  out  at 
approximately  100°  C.,  because  the  reaction  rate  also  increases 


with  increasing  temperature.  Results  of  experimentation  are 
given  in  the  following  procedure : 

Procedure  for  Determining  Cobalt  in  the  Presence  of 
Nickel.  Transfer  the  test  solution  to  a  100-ml.  Erlenmeyer 
flask,  and  add  25  ml.  of  buffer  and  5  ml.  of  reagent.  Heat  on  a 
steam  or  water  bath  for  a  period  of  time  depending  upon  the 
cobalt  and  nickel  concentration  present.  Cool,  transfer  quantita¬ 
tively  to  a  100-ml.  volumetric  flask,  and  dilute  to  the  mark  with 
water. 

Using  5  mg.  of  nickel  2  hours  of  heating  are  required  for  a  final 
cobalt  concentration  of  lp.  p.  m.;  3  hours  for  1.5  p.  p.  m.  With 
10  mg.  of  nickel  4  hours  are  required  for  1  p.  p.  m.  of  cobalt;  6 
hours  for  1.5  p.  p.  m.  For  15  mg.  of  nickel  6  hours  are  required 
for  1  p.  p.  m.;  10  hours  for  1.5  p.  p.  m.  of  cobalt.  A  longer  time 
is  required  if  the  volume  of  the  solution  is  greater  than  40  ml. 
during  the  heating  period.  It  is  impractical  for  the  nickel  con¬ 
centration  to  exceed  150  p.  p.  m.  and  the  cobalt  concentration 
1.5  p.  p.  m. 

The  use  of  a  spectrophotometer  is  recommended.  With  this 
instrument  it  is  possible  to  detect  0.002  mg.  of  cobalt  in  the  pres¬ 
ence  of  10  mg.  of  nickel — i.  e.,  0.02  per  cent  of  cobalt. 

Some  transmittancy  values  for  mixtures  of  cobalt  and  nickel 
are  given  in  Table  II. 

Additional  results  are  shown  in  Figure  2  for  various  cobalt 
concentrations  in  the  presence  of  5  mg.  of  nickel.  Beer’s 
law  is  valid,  although  the  lines  have  origins  different  from 
those  obtained  in  the  absence  of  nickel. 

The  visual  method  is  applicable  if  appropriate  amounts  of 
nickel  are  present  in  the  standards  and  the  standards  are 
heated  for  the  proper  periods  of  time.  Visually,  the  method 
is  slightly  less  sensitive  for  cobalt  in  the  presence  of  nickel, 
owing  to  the  increased  intensity  of  the  colored  solutions. 

The  effect  of  potassium  fluoride  on  the  method  was  studied 
briefly  in  connection  with  the  possible  determination  of  cobalt 
in  solutions  also  containing  nickel  and  iron.  The  presence  of 
potassium  fluoride  decreases  the  color  intensity  of  the  nickel 
complex,  especially  on  heating.  The  aging  can  be  carried  out 
at  room  temperature,  however,  since  the  presence  of  potassium 
fluoride  increases  the  reaction  rate  of  the  cobalt  and  reagent. 
The  visual  method  is  not  applicable  to  mixtures  of  cobalt  and 
nickel  if  potassium  fluoride  is  present,  but  spectrophotometric 
measurements  made  at  450  m/r  are  satisfactory. 


Table  II.  Transmittancy  Values 


Nickel 

Cobalt 

Transmittancy 

Added 

Added 

at  430  mil 

Mg. 

Mg. 

0 

0.05 

0.246 

0 

0.10 

0.130 

0 

0.15 

0.071 

1 

0 

0.403 

5 

0 

0.401 

10 

0 

0.402 

1 

0.05 

0.218 

5 

0.05 

0.213 

10 

0.05 

0.213 

1 

0.10 

0.121 

5 

0.10 

0.120 

10 

0.10 

0.122 

1 

0.15 

0.063 

5 

0.15 

0.068 

Summary 

A  study  of  the  reaction  between  cobalt  and  o-nitrosore- 
sorcinol  has  shown  that  the  reagent  may  be  used  for  the  colori¬ 
metric  determination  of  cobalt.  Spectrophotometric  data  for 
solutions  of  the  reagent,  for  the  cobalt  complex,  and  for  other 
metal  complexes  are  presented.  Procedures  are  given  for 
the  determination  of  cobalt  alone  and  for  cobalt  in  mixtures 
of  nickel  and  cobalt. 
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Polarographic  Determination  of  Formaldehyde 

in  Biological  Material 

Application  to  the  Determination  of  Serine 

M.  JOHN  BOYD  AND  KARL  BAMBACH,  College  of  Medicine,  University  of  Cincinnati,  Cincinnati,  Ohio 


FORMALDEHYDE  has  been  determined  quantitatively 
by  the  polarograph  according  to  Jahoda  (3),  Winkel  and 
Proske  ( 5 ),  and  Barnes  and  Speicher  ( 1 ).  Recently  Boyd 
and  Logan  (3)  have  developed  a  colorimetric  method  for  the 
determination  of  formaldehyde  as  a  step  in  the  procedure  for 
estimating  serine.  Their  method  consists  essentially  of 
quantitatively  separating  by  distillation  the  formaldehyde 
resulting  from  the  action  of  periodate  on  protein  hydrolyzates 
containing  serine,  and  condensing  this  formaldehyde  with 
chromotropic  acid  (Eegrewe’s  reagent)  to  form  a  colored 
compound. 


Table  I.  Determination  of  Formaldehyde  by  Polaro¬ 
graphic  and  Colorimetric  Methods 

Polarographic 


Sample 

Method 

In  3  ml.  of 
distillate  Per  ml. 

Colorimetric 
Method 
Per  ml. 

1  mg.  of  serine 

8 

Micro  gram 

2.7 

s 

2.7 

1  mg.  of  serine 

8.7 

2.9 

2.8 

5  mg.  of  serine 

41 

13.7 

14.1 

5  mg.  of  serine  -f  100  mg.  of  threonine 

42 

14 

14.1 

5  mg.  of  serine  -j-  100  mg.  of  threonine 

42 

14 

14.2 

50  mg.  of  serine 

382 

127 

128.8 

50  mg.  of  serine 

385 

128 

131.6 

Gelatin  hydrolyzate 

155 

52 

49.5 

Gelatin  hydrolyzate 

155 

52 

48.7 

Salmin  hydrolyzate 

20.5 

6.8 

6.5 

Salmin  hydrolyzate 

21 

7 

6.7 

Salmin  hydrolyzate 

22 

7.3 

6.5 

Casein  hydrolyzate 

21 

7.0 

7.0 

Casein  hydrolyzate 

22 

7.3 

7.0 

Horse  hemoglobin  (crystallized)  hy¬ 
drolyzate 

19 

6.3 

6.1 

Horse  hemoglobin  (crystallized)  hy¬ 
drolyzate 

19.5 

6.5 

6.4 

Dog  hemoglobin  (crystallized)  hydroly¬ 
zate 

19 

6.3 

6.1 

In  order  to  ascertain  whether  the  polarograph  can  be  used 
to  determine  the  formaldehyde  found  in  the  distillate  in  the 
above  procedure,  the  authors  compared  polarographic 
analyses  against  those  run  colorimetri- 
cally.  The  polarographic  procedure  proved 
suitable  for  this  type  of  determination, 
since  no  substances  which  interfered  with 
the  production  of  smooth  current-voltage 
curves  came  over  in  the  distillation. 


Procedure 

The  formaldehyde  is  separated  from  the 
protein  hydrolyzate  and  the  periodate  re¬ 
action  mixture  by  distillation,  as  described 
by  Boyd  and  Logan  ( 2 ).  Three  milliliters 
of  the  distillate  are  mixed  with  1  ml.  of  a 
solution  of  electrolytes  (0.4  N  potassium 
chloride,  0.2  N  potassium  hydroxide),  and 
nitrogen  is  bubbled  through  the  mixture  for 
3  minutes.  This  does  not  result  in  loss  of 
formaldehyde,  since  repeated  runs  on  the  same 
solution  showed  that  gassing  for  as  long  as 
15  minutes  did  not  change  the  height  of  the 
step.  The  polarogram  of  the  solution  is 
then  taken  from  —1.4  to  —1.8  volts  with 
the  Leeds  &  Northrup  Electro-chemograph; 


the  half-wave  of  the  formaldehyde  step  occurs  at  about 
—  1.63  volts  (normal  calomel  electrode).  Accurate  temperature 
control  is  important;  a  constant-temperature  water  bath  thermo¬ 
statically  controlled  to  0.1 0  C.  was  used. 

The  authors’  results  confirm  Barnes  and  Speicher’s  findings  ( 1 ) 
that  the  wave  height  changes  about  6.5  per  cent  for  each  1  °  C. 
change  in  the  temperature  of  the  solution.  The  height  of  the 
step  is  measured  in  the  usual  way  and  compared  with  a  calibration 
curve  made  with  known  quantities  of  formaldehyde  at  the  same 
temperature  and  drop  rate,  and  with  the  same  capillary. 

Discussion 

The  results  obtained  by  the  polarographic  method  agree 
with  those  obtained  by  the  colorimetric  method  of  Boyd  and 
Logan  (3)  as  shown  in  Table  I.  Quantities  of  formaldehyde 
as  low  as  3  micrograms  per  ml.  of  distillate  can  be  determined 
by  the  polarographic  procedure. 

According  to  Barnes  and  Speicher,  when  potassium  hy¬ 
droxide  is  the  only  supporting  electrolyte,  the  full  height  of  the 
formaldehyde  step  is  not  given  in  concentrations  of  potassium 
hydroxide  below  0.5  per  cent,  and  so  those  workers  used  1.25 
per  cent  solutions  in  their  determinations.  In  the  authors’ 
experience,  satisfactory  curves  with  the  full  height  of  the 
formaldehyde  wave  are  obtained  with  0.05  N  potassium 
hydroxide  in  0.1  A  potassium  chloride,  so  that  it  is  not  neces¬ 
sary  to  employ  stronger  alkali,  thereby  decreasing  the  possi¬ 
bility  of  condensation  of  the  formaldehyde. 

Acetaldehyde  (which  arises  from  the  action  of  periodate  on 
threonine,  4)  does  not  interfere  in  the  analysis  unless  it  is 
present  in  extremely  large  amounts,  since  it  is  not  reduced 
until  a  potential  of  —1.8  volts  is  reached  (Figure  1).  This 
method  cannot  be  used  for  the  determination  of  small  amounts 
of  acetaldehyde  unless  the  potassium  ion  in  the  supporting 
electrolyte  is  replaced  by  lithium,  because  the  potassium  wave 
interferes  with  that  of  acetaldehyde.  However,  good  results 
can  be  obtained  with  acetaldehyde  in  lithium  hydroxide. 
Other  aldehydes,  higher  in  the  aliphatic  series,  are  reduced  at 
still  higher  voltages. 
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Figure  1.  Polarogram  Obtained  with  Leeds  &  Northrop  Electro- 

chemograph 
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This  method  need  not  be  limited  to  the  determination  of 
formaldehyde  liberated  by  the  action  of  periodate  on  serine. 
It  can  probably  be  applied  to  the  determination  of  formalde¬ 
hyde  in  other  types  of  samples;  as  long  as  the  compound  can 
be  isolated  by  distillation,  reasonably  free  from  interfering 
substances,  it  can  be  estimated  polarographically. 
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Determination  of  Small  Amounts  of  Molybdenum 
in  Tungsten  and  Molybdenum  Ores 

F.  S.  GRIMALDI  AND  R.  C.  WELLS,  Geological  Survey,  U.  S.  Department  of  the  Interior,  Washington,  D.  C. 


A  rapid  method  has  been  developed  for 
the  determination  of  small  amounts  of 
molybdenum  in  tungsten  and  molybdenum 
ores.  After  removing  iron  and  other  major 
constituents  the  molybdenum  thiocyanate 
color  is  developed  in  water-acetone  solu¬ 
tions,  using  ammonium  citrate  to  elimi¬ 
nate  the  interference  of  tungsten.  Compari¬ 
son  is  made  by  titrating  a  blank  with  a 
standard  molybdenum  solution.  Aliquots 
are  adjusted  to  deal  with  amounts  of 
molybdenum  ranging  from  0.01  to  1.30  mg. 


MOST  of  the  calcium  tungstate  ores  from  contact-meta- 
morphic  deposits  in  the  western  states  contain  at 
least  a  trace  of  molybdenum,  and  in  many  such  ores  as  much 
as  0.5  per  cent  of  molybdenum  may  be  present.  As  concen¬ 
trates  from  such  ores  are  subject  to  a  penalty,  the  determina¬ 
tion  of  molybdenum  is  important. 

In  its  search  for  new  supplies  of  the  different  strategic 
metals  the  U.  S.  Geological  Survey  has  examined  various 
samples  of  possible  molybdenum  content  that  were  on  the 
border  line  between  a  little  and  no  molybdenum.  For  such 
work  a  quick  but  accurate  method  was  needed.  One  method 
developed  for  this  purpose  is  based  on  fluorescence  ( 1 );  the 
other  depends  on  chemical  analysis  and  colorimetric  estima¬ 
tion  of  the  molybdenum. 

The  amber  color  developed  by  molybdenum,  thiocyanate, 
and  a  reducing  agent  has  long  been  used  as  a  sensitive  test 
for  molybdenum,  the  colored  complex  usually  being  concen¬ 
trated  by  extraction  with  organic  solvents  such  as  ether, 
butyl  acetate,  or  cyclohexanol,  before  colorimetric  estima¬ 
tion.  Ether,  the  most  common  solvent  employed,  has  several 
objections,  as  noted  by  Sandell  (-5).  The  authors  have  found 
that  even  a  few  milligrams  of  tungsten  or  vanadium  cause 
high  results  with  the  ether  extraction  alone,  unless  tartrate 
or  citrate  is  present.  Hurd  and  Allen  (8)  studied  the  condi¬ 
tions  for  maximum  stability  of  color,  using  various  solvents, 
and  stated  that  “butyl  acetate,  although  an  excellent  solvent 
for  the  thiocyanate,  should  be  used  with  care.  The  color 
produced  by  a  given  concentration  of  molybdenum  appears 
to  depend  to  no  slight  extent  upon  the  manner  in  which  the 
solvent  has  been  saturated  with  the  reagents.”  They  re¬ 
ported  that  cyclohexanol  is  difficult  to  handle,  separates 
slowly  from  aqueous  solution,  and  may  develop  a  turbidity. 


The  writers  dispense  with  extractions  altogether,  but  em¬ 
ploy  an  acetone-water  solution,  as  acetone  appears  to  have  a 
stabilizing  action  and  prevents  fluctuations  of  the  color  with 
time.  The  interference  of  tungsten  is  eliminated  by  the  use  of 
ammonium  citrate. 

The  essential  features  of  the  procedure  are  that  the  molyb¬ 
denum  thiocyanate  color  is  developed  in  a  water-acetone 
solution  and  the  comparison  is  made  by  titrating  a  blank 
containing  the  necessary  reagents  with  a  standard  molyb¬ 
denum  solution. 

Reagents 

Stannous  Chloride  (10  Per  Cent).  Dissolve  20  grams  of 
stannous  chloride  dihydrate  in  100  ml.  of  concentrated  hydro¬ 
chloric  acid  and  100  ml.  of  water. 

Ammonium  Thiocyanate  (10  Per  Cent).  Dissolve  20  grams 
in  200  ml.  of  water. 

Ammonium  Citrate,  reagent  grade. 

Acetone,  reagent  grade. 

Standard  Molybdenum  Solution.  1  ml.  =  0.1  mg.  of 
molybdenum  trioxide.  Dissolve  0.1  gram  of  pure  molybdenum 
trioxide  in  a  little  sodium  hydroxide,  neutralize  to  litmus  with 
hydrochloric  acid,  and  make  up  to  1  liter  in  a  volumetric  flask. 
As  the  standard  degenerates  with  time,  it  is  necessary  to  make  up 
a  fresh  solution  every  month. 

Solution  of  Sample 

With  substances  like  scheelite  that  contain  up  to  40  per  cent 
of  tungstic  oxide  and  possibly  as  much  as  1  per  cent  of  molyb¬ 
denum  oxide,  fuse  in  platinum  0.5  gram  of  the  sample  with 
2.5  grams  of  sodium  carbonate  and  about  0.05  gram  of  sodium 
nitrate  ( 2 ).  Begin  the  heating  at  a  low  temperature  and  gradu¬ 
ally  increase  the  heat  until  a  homogeneous  melt  is  obtained. 
Extract  the  cooled  melt  with  water  containing  a  drop  of  alcohol 
to  reduce  manganate,  add  a  little  paper  pulp,  filter,  and  wash 
with  warm  1  per  cent  sodium  carbonate  solution.  Make  just 
acid  with  hydrochloric  acid.  If  any  chromate  is  present,  reduce 
it  with  a  little  sulfurous  acid.  Evaporate  to  about  25  ml.  on  the 
steam  bath  to  remove  carbon  dioxide.  At  this  point  silica  may 
separate  out.  Without  removing  silica  neutralize  with  10  per 
cent  sodium  hydroxide  and  add  10  ml.  in  excess,  add  a  little  paper 
pulp,  and  digest  on  the  bath  about  10  minutes.  Filter  hot  and 
wash  with  dilute  sodium  hydroxide.  Add  phenolphthalein  to  the 
filtrate,  make  it  barely  acid  with  hydrochloric  acid,  and  transfer 
it  to  a  100-ml.  volumetric  flask.  The  solution  is  now  ready  for  the 
estimation  of  molybdenum. 

With  molybdenite  ores,  wulfenite  ores,  and  ores  high  in  silica, 
in  which  tungsten  is  low,  an  acid  attack  of  the  sample  is  prefer¬ 
able.  The  usual  practice  ( 6 )  involves  treatment  with  nitric 
and  sulfuric  acids  and  eventual  extraction  of  the  molybdenum  in 
a  sulfuric  acid  solution.  On  a  0.5-gram  sample,  2  ml.  of  sulfuric 
acid  are  sufficient. 

Colorimetric  Estimation  of  Molybdenum 

Take  a  15-ml.  aliquot  of  the  neutral  molybdenum  solution  in  a 
100-ml.  beaker;  if  a  larger  or  smaller  aliquot  is  taken,  adjust 
volume  to  15  ml.  Add  to  the  solution  at  room  temperature  1.5 
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grains  of  ammonium  citrate  and  stir  until.it  is  dissolved.  Now 
add  5  ml.  of  10  per  cent  ammonium  thiocyanate  and  25  ml.  of 
acetone,  cool,  add  dropwise  by  pipet  exactly  7  ml.  of  stannous 
chloride  solution,  and  stir.  Accurate  measurement  is  impor¬ 
tant,  as  the  acidity  of  the  solution  is  controlled  by  the  quantity  of 
stannous  chloride  added.  This  develops  the  amber  color  of  the 
molybdenum  thiocyanate.  To  a  blank  in  another  100-ml. 
beaker  add  15  ml.  of  water,  1.5  grams  of  ammonium  citrate,  5  ml. 
of  ammonium  thiocyanate,  and  25  ml.  of  acetone.  Add  by  pipet 
exactly  7  ml.  of  stannous  chloride  solution.  Titrate  this  blank  to 
a  color  match  by  adding  standard  molybdenum  solution  from  a 
buret. 

Occasionally  the  unknown  will  precipitate  silica  on  the  addi¬ 
tion  of  stannous  chloride,  especially  if  the  addition  is  too  rapid. 
If  this  occurs,  filter  off  the  silica  at  this  point  before  matching  the 
color. 

Results  with  Known  Mixtures 

In  the  experimental  work  accurately  measured  quantities  of 
solutions  of  known  titer,  containing  the  sodium  salts  of  the  ele¬ 
ments  in  question,  were  transferred  to  100-ml.  beakers.  The  solu¬ 
tions  were  adjusted  to  15  ml.  and  made  just  acid  before  the  addi¬ 
tion  of  the  reagents  used  for  the  development  of  the  color.  Esti¬ 
mations  were  made  by  titrating  blanks  with  standard  molyb¬ 
denum  solution. 

Table  I  lists  the  results  obtained  in  the  presence  of  tung¬ 
sten.  The  color  is  stable  in  the  presence  of  tungsten  for  at 
least  3  hours. 


Table  I.  Estimation  of  Molybdenum  in  the  Presence  of 

Tungsten 


No. 

WOa 

— Taken - % 

M0O3 

M0O3 

Found 

Gram 

Mg. 

Mg. 

1 

None 

0.06 

0.06 

2 

None 

0.20 

0.19 

3 

None 

0.50 

0.51 

4 

None 

0.80 

0.82 

5 

0.20 

0.03 

0.03 

6 

0.20 

0.06 

0.06 

7 

0.20 

0.10 

0.11 

8 

0.20 

0.40 

0.39 

9 

0.20 

0.70 

0.72 

10 

0.20 

1.00 

1.02 

11 

0.20 

1.50 

1.43 

12 

0.40 

0.03 

0.03 

13 

0.40 

0.40 

0.39 

14 

0.40 

0.70 

0.69 

Interference 

Iron  causes  a  serious  positive  error  and  must  be  removed 
completely.  The  error  is  not  so  much  a  function  of  the 
quantity  of  iron  present  as  of  the  time  elapsed  before  the 
sample  is  matched.  Table  II  illustrates  this  interference  of 
iron  when  the  solution  is  matched  immediately.  Table  III 
shows  the  interference  as  a  function  of  time. 

Iron  as  well  as  many  other  interfering  bases  is,  however, 
removed  at  the  start  by  the  carbonate  fusion.  Small  or  mod¬ 
erate  amounts  of  iron  are  further  removed  with  sodium  hy¬ 
droxide  as  described  in  the  procedure.  Excess  ammonium 
hydroxide  may  be  substituted  for  sodium  hydroxide  but  the 
digestion  is  best  conducted  in  a  stoppered  Erlenmeyer  flask. 
In  four  experiments,  0.05, 0.30,  1.00,  and  50.0  mg.  of  iron  in  the 
presence  of  0.3  gram  of  tungstic  oxide  were  completely  re¬ 
moved  by  this  method.  Phosphate  causes  no  interference 
when  tungsten  is  absent.  With  tungsten  present  the  color 
fades  and  turns  blue-green  with  time.  If  matched  within 
10  minutes,  20  mg.  of  phosphorus  pentoxide  in  the  final  ali¬ 
quot  with  0.3  gram  of  tungstic  oxide  show  negligible  inter¬ 
ference.  With  0.1  gram  of  tungstic  oxide,  80  mg.  of  phos¬ 
phorus  pentoxide  cause  little  trouble  during  this  10-minute 
interval.  The  interference  of  phosphate  may  be  minimized 
by  using  more  ammonium  citrate. 

Large  amounts  of  vanadium  interfere  because  of  the  blue- 
green  color  of  vanadium  in  reduced  solutions.  Amounts  of 
vanadium  up  to  2  mg.  of  vanadium  trioxide  in  the  final  ali¬ 
quot,  however,  do  not  appreciably  affect  the  molybdenum 


Table  II.  Interference  of  Iron 


(Sample  matched  immediately) 


No. 

W03 

- Taken - 

Fe  as  FeClj 

MoOj 

MoOj 

Found 

Error 

Gram 

Gram 

Mg. 

Mg. 

Mg. 

1 

0.3, 

0.02 

0.03 

0.08 

+0.05 

2 

0.3 

0.07 

0.03 

0.09 

+  0.06 

3 

0.3 

0.02 

0.10 

0.19 

+0.09 

4 

0.3 

0.07 

0.10 

0.20 

+0.10 

5 

0.3 

0.02 

0.30 

0.52 

+0.22 

6 

0.3 

0.03 

0.40 

0.65 

+0.25 

7 

0.3 

0.05 

0.40 

0.65 

+0.25 

8 

0.1 

0.05 

0.40 

0.63 

+  0.23 

9 

0.1 

0.10 

0.40 

0.64 

+0.24 

10 

0.3 

0.0001 

0.50 

0.55 

+  0.05 

11 

0.3 

0 . 0002 

0.50 

0.60 

+0.10 

12 

0.3 

0.0010 

0.50 

0.75 

+0.25 

Table  III.  Interference  of  Iron  with  Time 

MoOj  Found 


Matched 

Matched 

— Taken — 

immedi- 

after  15 

No. 

WOj 

Fe 

MoOt 

ately 

minutes 

Gram 

Gram 

Mg. 

Mg. 

Mg. 

1 

0.3 

0.07 

0.30 

0.55 

0.65 

2 

0.3 

0.07 

0.40 

0.68 

0.89 

3 

0.3 

0.07 

0.50 

0.77 

1.10 

color.  Arsenic,  antimony,  sodium,  and  ammonium  salts, 
calcium,  aluminum,  and  silica  do  not  interfere.  Nitrates 
tend  to  cause  a  fading  of  color  with  time.  Preferably  the 
final  solution  should  contain  less  than  0.3  gram  of  nitrate. 

Determination  of  Molybdenum  in  Synthetic 
Scheelite 

K.  J.  Murata  of  this  laboratory  prepared  pure  synthetic  mem¬ 
bers  of  the  scheelite-powellite  mineral  series  by  the  method  of 
Michel  (4),  and  these  were  analyzed  for  molybdenum.  The 
ground  samples  were  attacked  by  10  ml.  of  hydrochloric  acid  and 
2  drops  of  nitric  acid,  evaporated  to  dryness,  and  taken  up  with 
1.5  grams  of  ammonium  citrate  and  4  drops  of  ammonium  hy¬ 
droxide.  The  color  was  then  developed  and  compared. 

The  results,  as  indicated  in  Table  IV,  showed  good  agree¬ 
ment  with  the  synthetics. 


Table  IV.  Determination  of  Molybdenum  in  Synthetic 

Scheelite 

MoOa  in  Synthetio 


Preparation  No. 

Scheelite 

MoOa  Found 

% 

% 

4 

0.07 

0.07 

26 

0.22 

0.23 

28 

0.25 

0.24 

6 

0.29 

0.31 

27 

0.36 

0.34 

29 

0.36 

0.34 

7 

0.51 

0.50 

31 

0.72 

0.68 

5 

0.79 

0.74 
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METHODS  for  the  quantitative  determination  of  carbo¬ 
hydrate  acetyl  have  been  developed  principally  along 
two  separate  lines:  (1)  for  the  simple  sugar  acetates  which 
require  the  use  of  mild  conditions  to  prevent  errors  which 
might  arise  from  the  destruction  of  the  labile  carbohydrate 
molecules;  (2)  for  cellulose  acetates  which,  because  of  the 
heterogeneous  reaction  involved,  require  somewhat  more 
drastic  conditions  or  considerably  extended  reaction  time. 
Separate,  essentially  noninterchangeable  methods  were, 
therefore,  evolved  for  the  two  classes  of  carbohydrate  deriva¬ 
tives.  Adaptations  of  the  aforementioned  methods  have  been 
applied  to  starch  acetates,  but  none  appears  to  have  received 
general  acceptance. 

This  paper  describes  a  quantitative  method  of  acetyl  analysis 
which  is  applicable  not  only  to  the  polysaccharide  acetates  of 
starch  and  cellulose  but,  on  slight  modification,  to  the  simple 
sugar  acetates  as  well.  The  method  employs  the  sodium 
methoxide  catalyst  of  Zemplen  (7)  to  transesterify  carbohy¬ 
drate  acetyl  in  methanol  with  the  production  of  methyl  acetate 
which  is  then  quantitatively  removed  and  determined  by  a 
modification  of  the  well-known  Freudenberg  (2)  procedure. 
Starch  and  cellulose  do  not  yield  volatile  acidic  decomposi¬ 
tion  products  on  contact  with  alkaline  catalyst  during  the 


Figure  1.  Apparatus 


separation  of  the  methyl  acetate  by  distillation.  The  lower 
sugars,  being  labile,  are  decomposed  on  boiling  in  the  presence 
of  the  catalyst.  Therefore,  in  these  cases,  the  transesteri¬ 
fication  is  accomplished  at  room  temperature,  and  the  catalyst 
is  neutralized  by  the  addition  of  a  methanol  solution  of  sul¬ 
furic  acid  before  proceeding  with  the  distillation. 

The  transesterification  is  rapid,  requiring  only  15  minutes 
at  room  temperature,  for  acetates  of  the  simple  carbohydrates. 
Even  in  the  case  of  polysaccharide  acetates,  which  remain 
insoluble,  the  reaction  is  completed  in  about  25  minutes. 
In  certain  instances  with  dense  or  somewhat  horny  acetates 
the  reaction  proceeds  slowly.  In  these  cases  it  is  expedient 
first  to  swell  the  acetate  by  heating  in  methanol  for  0.5  to  1 
hour  before  proceeding  with  the  analysis. 

The  apparatus  employed  for  the  analysis  is  a  modification 
of  the  Freudenberg  (2)  apparatus  as  shown  in  Figure  1 . 

Analytical  Procedure 

Reagents.  Anhydrous  methanol  was  prepared  by  drying 
methanol  with  magnesium  methoxide  (4)  and  distilling  through  a 
fractionating  column. 

Sodium  methoxide  was  prepared  by  dissolving  clean  sodium  in 
anhydrous  methanol.  The  sodium  was  cut  under  xylene  to  ex¬ 
pose  fresh  surfaces  and  weighed.  It  was  then  rapidly  passed 
through  three  separate  portions  of  anhydrous  methanol  contained 
in  beakers  and  finally  dissolved  in  anhydrous  methanol  in  a 
volumetric  flask  and  made  up  to  volume.  Approximately  0.2  N 
solutions  were  employed. 

An  approximately  0.2  N  solution  of  sulfuric  acid  in  methanol 
was  prepared  by  adding  a  calculated  amount  of  concentrated 
sulfuric  acid  to  anhydrous  methanol  and  allowing  the  mixture  to 
stand  several  days  to  permit  formation  of  monomethyl  sulfate. 
The  solution  was  then  standardized  and  was  found  to  maintain 
its  normality  for  a  considerable  time. 

Procedure  for  Polysaccharide  Acetates.  A  0  2-  to  0.3- 
gram  sample  of  finely  divided  polysaccharide  acetate,  previously 
dried  in  vacuo  over  phosphorus  pentoxide,  is  placed  in  20  ml.  of 
anhydrous  methanol  in  the  reaction  flask  (C,  Figure  1),  containing 
a  boiling  tube  to  prevent  bumping.  Approximately  5  to  10  ml. 
of  0.2  N  sodium  methoxide  (3  to  8  milliequivalents  per  gram  of 
sample)  in  anhydrous  methanol  are  added  through  the  dropping 
funnel,  B,  which  is  protected  by  a  small  drying  tube,  A.  The 
temperature  of  the  water  bath,  G,  is  raised  until  slow  distillation 
into  the  receiving  flask,  E,  occurs,  the  rate  of  distillation  being 
approximately  35  drops  per  minute.  During  the  distillation,  the 
receiving  flask  is  cooled  by  immersion  in  crushed  ice.  The  re¬ 
ceiving  flask  may  be  protected  by  a  small  tube,  F,  filled  with  soda 
lime.  When  the  liquid  in  the  distillation  flask  has  been  concen¬ 
trated  to  a  small  volume  (approximately  5  ml.)  a  fresh  20-ml. 
portion  of  anhydrous  methanol  is  admitted  through  the  dropping 
funnel  and  the  solution  is  again  distilled  to  a  small  volume.  Two 
10-ml.  portions  of  anhydrous  methanol  are  then  added  succes¬ 
sively  and  the  solution  is  concentrated  to  a  small  volume  after 
the  addition  of  each  portion.  During  the  concentration  the 
water  level  in  the  water  bath  is  maintained  just  below  the  level 
of  liquid  in  the  distillation  flask  in  order  to  prevent  baking  of 
material  on  the  flask  walls. 

After  the  final  concentration,  the  distillation  flask  is  removed  or 
the  stopcock  on  dropping  tube  B  is  opened,  and  25  ml.  of  0.2  N 
sodium  hydroxide  are  pipetted  into  the  receiving  flask  by  way  of 
the  side  neck  and  the  neck  closed  by  a  glass  stopper.  The  bath, 
H,  of  crushed  ice  is  removed  and  a  hot  water  bath  substituted. 
The  contents  of  the  receiving  flask  are  refluxed  15  minutes,  the 
flask  is  cooled,  75  ml.  of  boiled  distilled  water  are  added,  and  the 
excess  sodium  hydroxide  is  titrated  with  0.1  N  hydrochloric  acid 
to  a  phenolphthalein  end  point.  The  base  consumed  in  the 
saponification,  minus  that  consumed  in  a  separate  blank  deter¬ 
mination,  is  equivalent  to  the  acetyl  content  of  the  carbohydrate 
acetate.  Blank  determinations  are  made  by  refluxing  50  ml.  of 
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methanol  15  minutes  with  25  ml.  of  0.2  N  sodium  hydroxide  and 
titrating  as  described  above. 

It  is  not  necessary  that  the  catalyst  remain  in  the  reaction  mix¬ 
ture  throughout  the  distillation.  After  the  first  concentration  of 
the  liquid  in  the  distillation  flask  the  catalyst  may  be  neutralized 
or  the  solution  slightly  acidified  by  addition  of  sulfuric  acid  dis¬ 
solved  in  methanol,  and  the  remainder  of  the  distillation  carried 
out  as  described.  This  procedure  causes  no  change  in  the  ob¬ 
served  acetyl  value.  Samples  not  in  a  state  of  fine  subdivision  are 
refluxed  with  methanol  for  0.5  to  1  hour  before  introducing  the 
catalyst  and  proceeding  with  the  analysis.  For  the  reflux,  water 
is  circulated  through  condenser  D  but  at  all  other  times  this 
condenser  remains  empty. 

Procedure  for  Simple  Sugar  Acetates.  A  0.20-  to  0.25- 
gram  sample  of  sugar  acetate  is  added  to  the  reaction  flask  and 
dissolved  m  20  ml.  of  anhydrous  methanol  by  gentle  heating. 
When  complete  solution  has  occurred  the  mixture  is  cooled  to 
room  temperature,  and  5  to  10  ml.  of  0.2  N  sodium  methoxide  in 
anhydrous  methanol  are  added  and  well  mixed  with  the  solution. 
After  15  minutes,  slightly  more  of  a  solution  of  sulfuric  acid  in 
methanol  is  added  than  is  needed  to  neutralize  the  catalyst.  The 
methyl  acetate  is  then  quantitatively  distilled  and  determined  as 
described  in  the  procedure  for  polysaccharide  acetates.  The 
sample  may  be  left  in  contact  with  the  catalyst  for  periods  longer 
than  15  minutes  without  affecting  the  results.  The  equilibrium 
effected  by  the  catalyst  apparently  produces  methyl  acetate  to 
the  almost  complete  exclusion  of  carbohydrate  acetate. 

Discussion 

Since  the  presence  of  sodium  hydroxide  in  the  solution 
would  tend  to  prevent  quantitative  transesterification  and 
distillation  of  the  methyl  acetate,  it  is  important  that  water 
be  carefully  excluded  from  the  reaction  flask  and  that  dry 
samples  and  anhydrous  reagents  be  employed. 

The  amount  of  catalyst  employed  need  not  be  precisely 
controlled.  A  several-fold  variation  in  the  ratio  of  catalyst  to 
sample  may  be  used  without  detriment  to  the  anal yti  cal  re¬ 
sults.  In  general,  3  to  8  milliequivalents  of  catalyst  per  gram 
of  sample  were  employed.  Barium  methoxide  gives  good 
results  with  the  simple  sugar  acetates,  but  is  not  so  effective 
with  the  polysaccharide  acetates  as  is  sodium  methoxide. 

Methanol  is  used  in  preference  to  ethanol  because  of  the 
more  favorable  distillation  of  methyl  acetate  from  a  solution 
in  methanol  as  compared  to  ethyl  acetate  from  ethanol. 

Results  are  reproducible  to  about  =*=0.1  per  cent  acetyl — 
for  example,  the  value  reported  in  Table  I  for  cornstarch 
acetate  I  represents  the  mean  value  of  18  determinations  all 
values  of  which  were  within  =*=0.2  per  cent  of  the  mean  value 
and  15  results  were  within  ±0.1  per  cent.  The  accuracy  of  the 
results  is  good  in  the  case  of  the  lower  sugar  acetates.  Since 
no  method  exists  for  definitely  establishing  the  acetyl  content 
of  starch  and  cellulose  acetates,  the  accuracy  of  the  results 
in  the  case  of  these  polysaccharides  cannot  be  precisely  deter¬ 
mined.  For  this  reason  it  was  of  interest  to  compare  the 
values  obtained  for  the  polysaccharide  acetates  with  values 
obtained  by  the  use  of  a  previously  widely  used  procedure. 
The  methods  in  the  literature,  applying  principally  to  the 
determination  of  acetyl  or  combined  acetic  acid  in  cellulose 
acetates,  have  been  comprehensively  reviewed  and  criticized 
by  several  workers  (3,  5,  6).  The  method  recommended 
(3,  6)  as  giving  the  most  reliable  results  is  a  modification  of 
the  method  of  Eberstadt  (1),  which  consists  in  saponification 
of  the  acetate  in  standard  alkali  and  subsequent  titration  of 
the  excess  alkali  with  acid. 

Values  obtained  from  quadruplicate  determinations  by 
this  method  were  compared  with  values  resulting  from  the 
sodium  methoxide  procedure.  In  general,  the  results  ob¬ 
tained  by  the  two  methods  were  in  good  agreement  (Table  I). 
In  several  cases,  however,  the  modified  Eberstadt  method 
gave  acetyl  percentages  0.2  to  0.4  higher  than  the  values 
obtained  by  the  sodium  methoxide  procedure.  In  these  in¬ 
stances,  a  blank  run  on  the  unacetylated  starches  showed  that 
the  samples  possessed  an  acidity  equivalent  to  0.2  to  0.4 
per  cent  acetyl.  Acidic  groups  may  result  from  the  presence 


of  fats,  phosphoric  acid  residues,  or  carboxyl  groups  produced 
by  partial  oxidation  of  the  carbohydrate.  Correction  for 
these  acidities  brought  the  results  into  agreement  with  those 
of  the  sodium  methoxide  procedure.  Acetyl  values  which 
were  thus  corrected  are  indicated  in  Table  I.  Since  cornstarch 
acetate  III  was  a  commercial  product  and  none  of  the  un¬ 
acetylated  starch  was  available,  correction  of  the  acetyl  value 
for  acidic  contaminants  could  not  readily  be  made.  This 
acetate  was  impure,  as  indicated  by  its  brown  color.  In 
contrast  to  the  Eberstadt  method,  the  sodium  methoxide 
procedure  is  not  affected  by  the  presence  of  nonvolatile  acidic 
contaminants  such  as  fats  and  phosphoric  acid  residues  or  by 
the  existence  of  free  carboxyl  groups  resulting  from  oxidation 
of  the  polysaccharide. 


Table  I.  Analysis  of  Carbohydrate  Acetates  • 


Substance 

By  sodium 
methoxide 

-Per  Cent  Acetyl- 
By  Eberstadt 
method 

Theoreti 

Cornstarch  acetate  I 

44.36 

44.486 

44.78 

Cornstarch  acetate  II 

44.17 

44.254 

Cornstarch  acetate  III  e 

36.94 

37.64 

White  potato  starch  acetate 

44.15 

44.204 

Waxy  cornstarch  acetate 

43.90 

44.046 

Wheat  starch  acetate 

44.31 

44.104 

Cellulose  acetate  I e 

40.51 

40.21 

Cellulose  acetate  II' 

44.20 

43.97 

Glucose  penta-acetate 

55.23 

55.13 

Mannose  penta-acetate 

55.19 

55.13 

Maltose  octa-acetate 

50.79 

50.74 

Gentiobiose  octa-acetate 

50.77 

50.74 

“  All  values  are  average  of  at  least  triplicate  determinations. 
6  No  acidity  found  present  in  unacetylated  starch. 
c  Calculated  for  [C«H-0,(CH.CO)»]. 

4  Corrected  for  acidity  in  unacetylated  starch. 
e  Commercial  preparations. 


Attempts  to  adapt  the  Freudenberg  procedure  (3)  to  poly¬ 
saccharide  acetates  were  not  entirely  successful.  The  slow¬ 
ness  of  the  p-toluenesulfonic  acid  to  cause  transesterification 
required  long  reflux  periods  which  resulted  in  abnormally 
large  blank  values.  However,  when  the  proper  blanks  were 
subtracted  the  acetyl  values  were  in  rough  agreement  with 
those  indicated  in  Table  I. 

Summary 

A  method  is  reported  for  the  quantitative  estimation  of 
acetyl  in  either  polysaccharide  acetates  or  simple  sugar  ace¬ 
tates.  The  acetates  are  transesterified  by  sodium  methoxide 
catalyst  in  anhydrous  methanol  to  yield  methyl  acetate, 
which  is  quantitatively  distilled,  and  saponified  in  standard 
alkali.  The  method  is  rapid,  gives  reproducible  results,  and 
possesses  the  advantage  of  yielding  acetyl  values  which  are  not 
affected  by  the  presence  of  nonvolatile  acidic  groups  in  the 
sample. 
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GENUNG  and  Mallatt  (4)  not  only  reviewed  the  literature 
of  this  important  estimation  but  also  submitted  the 
principal  method,  that  of  Ost,  to  a  critical  experimental  study. 
In  this  method,  the  cellulose  ester  is  completely  dissolved  in 
cold,  aqueous  sulfuric  acid  (1  to  1),  the  solution  containing 
the  liberated  organic  acid,  or  acids,  is  distilled  with  steam,  and 
the  acidity  of  the  distillate  is  found  by  titration. 

During  the  past  five  years  (I),  several  operators  in  this 
laboratory  have  obtained  reliable  and  concordant  analyses  for 
the  volatile  acyl  content  of  various  cellulose  esters  by  the 
following  procedure,  which  is  based  on  the  work  of  Zemplen 
(9),  Perkin  (7),  Freudenberg  and  Harder  (2),  and  particularly 
Phillips  (5).  The  acyl  groups  are  recovered  as  methyl  esters 
by  a  transesterification  in  methanol,  with  sodium  methylate 
followed  by  excess  p-toluenesulfonic  acid  as  catalysts. 
Since  the  lower  methyl  esters  are  more  volatile  in  methanol 
than  the  free  acids  are  in  steam,  a  short  distillation,  instead 
of  the  rather  tedious  one  characteristic  of  the  Ost  process, 
transfers  the  esters  to  the  distillate.  This  distillate  is 
trapped  in  an  excess  of  standard  aqueous  alkali.  Saponi¬ 
fication,  removal  of  excess  methanol  by  distillation,  and 
titration  of  the  residual  aqueous  solution  complete  the  esti¬ 
mation. 


Experimental 

Materials.  Pure,  dry  methanol,  free  from  aldehydes  and 
acids,  was  prepared  by  heating  the  commercial  c.  p.  grade  under 
reflux  for  6  hours  with  a  few  grams  per  liter  of  clean  magnesium 
ribbon.  Pellets  of  sodium  hydroxide,  mixed  with  clean  aluminum 
turnings,  could  also  be  used.  The  methanol  recovered  by  distilla¬ 
tion  in  all-glass  equipment  was  stored  in  glass-stoppered  bottles. 

If  the  purity  of  the  commercial  p-toluenesulfonic  acid  hy¬ 
drate  was  doubted,  the  aqueous  solution  was  filtered  through 
absorbent  charcoal  and  steam-distilled  until  the  distillate  was 
no  longer  acid  (8).  When  crystallization  from  the  highly  con¬ 
centrated  still  residue  was  complete,  the  crystals  were  recovered 
and  were  dried  in  vacuo  over  concentrated  sulfuric  acid.  The 
stock  solution  contained  equal  weights  of  water  and  of  the  sul¬ 
fonic  acid  hydrate. 

Aqueous  caustic  soda,  0.2  N,  and  sulfuric  acid,  0.1  N,  were 
standardized  against  a  National  Bureau  of  Standards  sample  of 
acid  potassium  phthalate.  The  sodium  methylate  solution  was 
prepared  by  dissolving  the  clean  metal  in  the  purified  methanol 
and  the  normality  was  adjusted  to  0.1  N  after  titrating  an  ali¬ 
quot  with  standard  acid. 

Apparatus.  The  apparatus  was  a  modification  of  that  used  by 
Phillips  ( 8 )  and  was  constructed  entirely  of  Pyrex.  Soft  glass 
and  rubber  were  avoided  lest  alkali  from  the  former,  or  traces  of 
hydrogen  sulfide  from  the  latter,  reduce  the  accuracy  of  the 
estimation. 

The  250-cc.  round-bottomed  flask,  A,  was  sealed,  as  shown 
in  Figure  1,  to  a  35-cc.  dropping  funnel  and  a  No.  11  ground-glass 
joint.  The  joint  fitted  the  similar  one  on  the  bottom  of  the  40- 
cm.  (16-inch),  vertical  Liebig  condenser,  B,  the  top  of  which  was 
sealed  to  the  top  of  the  similar  condenser,  E,  through  a  horizontal 
tube  about  20  cm.  in  length.  An  inverted  25-cc.  Erlenmeyer 
flask  at  the  bottom  of  E  acted  as  a  trap  in  case  of  a  suck-back 
during  distillation,  and  the  exit,  D,  was  sealed  through  a  No.  20 
ground  joint.  This  joint  fitted  the  one  on  the  neck  of  the 
ellipsoidal  receiver,  C,  which  was  blown  from  a  500-cc.  round- 
bottomed  flask.  Powdered  glass  was  fused  inside  the  lower 
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part  of  this  receiver  to  promote  uniform  boiling  during  dis¬ 
tillations.  When  the  receiver  was  attached  to  the  exit  tube,  D, 
in  the  position  shown,  the  end  of  the  tube  remained  above  the 
level  of  the  liquid  in  C.  Rotation  of  the  latter  through  180° 
about  the  glass  joint  caused  the  end  of  the  exit  tube  to  become 
immersed. 

The  equipment  was  not  particularly  fragile  when  kept  clamped 
to  its  vertical  iron  stand  and  accidental  breakages  were  very  few. 


Figure  1.  Apparatus 


Analysis.  After  the  cellulose  ester,  which  had  to  be  finely 
divided,  had  been  thoroughly  dried  at  60°  C.  over  phosphorus 
pentoxide  in  vacuo,  a  weighed  sample,  0.3  to  0.4  gram,  was  put 
into  flask  A,  together  with  50  cc.  of  methanol,  10  cc.  of  the  sodium 
methylate  solution,  and  two  or  three  glass  beads.  The  flask  was 
held  in  position  on  condenser  B  by  means  of  rubber  bands  and 
the  contents  were  kept  in  gentle  ebullition  for  3  hours  by  heat 
from  a  small  flame.  Cooling  water  was  meanwhile  circulated 
in  condenser  B.  A  cellulose  acetate  with  which  this  preliminary 
transesterification  was  omitted  analyzed  24.6  instead  of  39.2 
per  cent  acetyl. 

After  3  hours,  flask  C,  containing  an  accurately  measured 
volume,  25  cc.,  of  the  caustic  soda  solution,  was  very  loosely  at¬ 
tached  to  D,  so  that  the  exit  tube  dipped  below  the  surface  of  the 
liquid.  The  lower  part  of  the  flask  was  immersed  in  an  ice  bath 
and  cold  water  was  circulated  in  condenser  E.  Condenser  B 
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was  emptied.  A  large  excess,  3  cc.,  of  the  p-toluenesulfonic 
acid  solution  was  added  through  the  dropping  funnel  attached 
to  A  and  the  mixture  of  methanol  and  methyl  ester  was  slowly 
distilled  into  C.  When  the  still  residue  had  been  reduced  to  about 
15  cc.,  an  additional  80  cc.  of  methanol  was  added  dropwise  from 
the  funnel  at  such  a  rate  that  the  volume  in  the  still  remained  at 
20  to  25  cc.  The  stopcock  on  the  dropping  funnel  was  then 
left  open  and  receiver  C  was  firmly  attached  by  rubber  bands  to 
D,  so  that  the  exit  tube  remained  above  the  surface  of  the  liquid. 
After  the  ice  bath  was  replaced  by  a  small  flame  under  an  as¬ 
bestos  sheet,  the  methyl  esters  in  C  were  saponified  by  1  hour  of 
gentle  ebullition.  A  low  result  was  obtained  with  ethyl  acetate 
when  this  time  was  reduced  by  one  half. 

Condenser  E  was  then  allowed  to  empty,  cooling  water  was 
circulated  in  B,  and  the  asbestos  sheet  over  the  flame  was  re¬ 
moved.  These  changes  caused  the  excess  methanol  to  distill 
from  C  and  thereby  made  it  possible  to  obtain  a  sharp  end 
point,  instead  of  a  difficult  one,  when  the  residual  aqueous  liquor 
was  titrated  with  the  standard  acid  in  presence  of  phenolphtha- 
lein.  The  sulfuric  acid  and  the  caustic  soda  were  frequently 
standardized  against  each  other  and  not  more  than  0.2  cc.  of  the 
alkali  was  utilized  in  blank  experiments  with  the  reagents. 
The  difference  between  these  blanks  and  the  milliequivalents  of 
alkali  remaining  in  an  actual  experiment  was  accepted  as  equiva¬ 
lent  to  the  amount  of  volatile  acyl  contained  in  the  cellulose 
ester  sample. 


Table  I.  Acyl  Analyses  of  Cellulose  Mixed  Esters0 


Present  Data  Eastman  Kodak  Company  Data 


Apparent 
acetyl  Mean 

%  -  % 

Apparent 

acetyl 

% 

Acetyl 

% 

Propionyl 

% 

Butyryl 

% 

40.481 
40.21 , 

f  40.35 

40.2 

29.3 

13.9 

0.6 

42.871 
42 . 65 

[  42.76 

42.6 

30.2 

16.5 

30.861 

30.62: 

f  30.74 

30.7 

19.8 

14.6 

40.371 
40  18 

f  40.28 

40.1 

29.5 

17.5 

36.351 

36.391 

)  36.37 

36.3 

21.2 

.  , 

24.9 

32.801 
32 . 80 J 

32.80 

32.7 

2.6 

•* 

49.9 

®  Eastman  Company  sample  numbers  were 

from  102,429  to 

102,434  in 

that  order. 


Results  and  Discussion 

The  determination  in  the  form  described  above  has  been 
carried  out  more  than  60  times  with  various  cellulose  esters. 
Very  few  of  the  duplicate  estimations  differed  from  the 
average  acyl  content  by  more  than  ±0.15  per  cent;  the 
great  majority  agreed  to  within  0.1  per  cent  and  a  consider¬ 
able  number  to  within  0.05  per  cent.  The  dominant  cause  of 
deviation  between  duplicates  was  probably  connected  with 
the  final  titration,  in  which  a  buret  reading  to  0.1  cc.  was 
used. 

Pure  ethyl  acetate  and  pure,  recrystallized  sorbitol  hexa- 
acetate  gave  data  within  0.1  per  cent  of  the  calculated  acetyl 
values,  but  doubt  about  the  purity  of  cellulose  ester  samples 
made  it  more  difficult  to  assess  the  accuracy  of  the  method 
in  these  cases.  The  article  by  Gardner  and  Purves  (3), 
however,  contains  examples  in  which  the  acetyl  substitutions 
of  a  series  of  esters  containing  increasing  amounts  of  the 
p-toluenesulfonyl  radical  were  calculated  from  simultaneous 
equations  involving  both  the  acetyl  and  sulfur  analyses. 
The  acetyl  substitutions  found  did  not  differ  from  their 
average  value  of  2.44  by  more  than  ±0.03  in  21  out  of  22 
cases,  and  this  error  included  those  inherent  in  both  the 
sulfur  and  the  acetyl  estimations. 

Table  I  summarizes  the  results  obtained  with  a  series  of 
cellulose  acetate-propionates  and  acetate-butyrates  kindly 
supplied,  together  with  their  analyses,  by  C.  R.  Fordyce,  of 
the  Eastman  Kodak  Company.  Only  three  of  the  twelve 
independent  estimations  of  “apparent  acetyl”  differed  from 
the  Eastman  figures  by  more  than  0.2  per  cent  and  this  diver¬ 


gence  corresponded  to  a  titration  difference  of  about  ±0.1  cc. 
in  the  experiments.  The  average  values  were  about  0.1  per 
cent  higher  than  the  Eastman  data,  for  reasons  that  are  still 
obscure.  These  observations  suggest  that  the  present  esti¬ 
mation  is  at  least  as  accurate  as  the  Ost  technique,  for  which 
a  precision  of  ±0.2  per  cent  is  quoted  (4),  and  may  be  appli¬ 
cable  to  cellulose  butyrates,  with  which  the  Ost  method  often 
gives  low  results  (4).  The  latter  method  also  requires  at 
least  7  hours  of  intermittent  attention  instead  of  the  5  or  6 
hours  demanded  by  the  present  one. 

Although  the  procedure  analyzed  sorbitol  hexa-acetate  per¬ 
fectly,  it  was  not  applicable  to  the  acetates  of  reducing  sugars 
because  pure  /3-glucose  penta-acetate  analyzed  56.2,  59.4, 
58.6,  and  58.5  instead  of  the  proper  value  of  55.2  per  cent 
acetyl.  The  6-chloro-  or  6-iodo-6-desoxy-cellulose  acetates 
also  gave  high  acetyl  data  because  traces  of  halogen-contain¬ 
ing  substances  passed  into  the  standard  caustic  soda  solution. 
Corrections  for  this  effect  by  estimating  halogen  in  the 
titrated  solution  were  not  very  successful,  although  proper 
allowance  could  be  made  in  this  way  for  samples  containing 
5  per  cent  of  chlorine  added  as  sodium  chloride.  A  few 
analyses  of  cellulose  acetate-nitrates  also  gave  high  results. 

When  both  the  “apparent  acetyl”  and  the  actual  per¬ 
centage  of  acyl  groups  in  a  mixed  ester  are  known,  an  easy 
simultaneous  equation  makes  it  possible  to  calculate  the 
individual  amounts  of  the  acyl  substituents,  provided  only 
two  are  present.  All  the  mixed  esters  in  Table  I  except  the 
first  were  accordingly  deacylated  by  a  modification  of  Zem- 
plen’s  procedure  (9)  and  the  loss  in  weight  of  each  sample  was 
taken  as  equivalent  to  its  original  acyl  content.  Although 
the  final  data  for  acetyl,  propionyl,  and  butyryl  were  always 
within  1  per  cent  of  those  in  Table  I,  the  calculation  ignored 
the  fact  that  the  percentage  of  acyl  found  in  this  way  differs 
from  other  acyl  values  in  being  based  upon  the  equivalent 
weight  of  the  radical  minus  unity.  The  agreement  there¬ 
fore  owed  much  to  the  cancellation  of  errors  and  the  method 
in  its  present  state,  although  fairly  rapid,  is  probably  inferior 
in  accuracy  to  those  described  by  Malm  and  his  collaborators 
(5,6). 
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Correction.  In  the  article  entitled  “Detecting  Adulteration 
of  Ethylvanillin  with  Vanillin”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  15, 
268  (1943)]  the  structures  of  vanillin  and  ethylvanillin  were  in¬ 
correctly  given.  They  should  have  been  printed  as: 


CHO 

CH< 

/\ 

/\ 

and 

och3 

\jC 

OH 

OH 
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Volumetric  Determination  of  Bromide  in  Brines 

HOBART  H.  WILLARD  AND  ARNO  H.  A.  HEYN,  University  of  Michigan,  Ann  Arbor,  Mich. 


CERTAIN  difficulties  are  encountered  in  the  determina¬ 
tion  of  bromide  in  salt  brines  containing  much  calcium 
and  magnesium  by  the  method  of  van  der  Meulen  (S). 

This  involves  the  oxidation  of  bromide  to  bromate  by  means 
of  hypochlorite  at  80°  to  90°  C.  in  a  solution  buffered  with  boric 
acid  and  borate.  The  excess  of  hypochlorite  is  destroyed  by 
adding  an  excess  of  hydrogen  peroxide  and  the  hydrogen  peroxide 
is  removed  by  boiling  in  the  presence  of  osmium  tetroxide  as 
catalyst.  The  bromate  is  then  determined  iodometrically.  The 
use  of  formate  for  the  removal  of  the  excess  hypochlorite  is  also 
suggested  (4)  ■ 

D’Ans  and  Hofer  (1)  pointed  out  that  the  reaction  is  quanti¬ 
tative  only  within  a  definite  pH  range,  but  gave  no  numerical 
values.  They  suggested  the  use  of  sodium  dihydrogen  phos¬ 
phate  as  a  buffer,  but  this  precipitates  calcium  and  therefore 
cannot  be  used. 

Kolthoff  and  Yutzy  (2)  used  essentially  the  same  procedure, 
but  unfortunately  gave  no  data  on  the  limits  for  the  pH.  They 
used  an  ammonium  molybdate  solution  as  catalyst  to  hasten  the 
reaction  between  potassium  iodide  and  bromate,  a  suggestion 
already  made  by  van  der  Meulen  (4). 

The  difficulty  with  all  the  methods  lies  in  the  uncertainty 
in  maintaining  the  solution  at  the  correct  pH  when  the  bro¬ 
mide  is  oxidized  to  bromate.  Since  a  solution  containing  no 
precipitate  is  preferable,  phosphate  buffers  were  not  used  in 
this  work.  The  solutions  were  adjusted  to  the  correct  pH, 
using  acetic  acid-sodium  acetate  buffers.  Experiments 
showed  that  the  presence  of  acetate  does  not  interfere.  To 
find  the  limits  of  pH  for  the  quantitative  oxidation  of  bro¬ 
mide  to  bromate,  samples  containing  a  known  amount  of  bro¬ 
mide  and  5  grams  of  reagent  sodium  chloride  were  subjected 
to  the  procedure  of  Kolthoff  and  Yutzy  except  that  an  acetic 
acid-sodium  acetate  buffer  was  used.  The  results  are  shown 
in  Table  I.  The  pH  was  measured  with  a  Beckman  pH  meter. 

It  is  evident  that  the  oxidation  of  bromide  to  bromate  with 
hypochlorite  is  quantitative  between  pH  5.5  and  7.0. 

The  procedure  was  tested  by  analyzing  synthetic  brines,  which 
v.ere  prepared  as  follows:  2.5  grains  of  anhydrous  calcium  chlo¬ 
ride,  purified  by  recrystallization  from  methanol  and  subsequent 
drying  at  130°  C.,  were  dissolved  in  25  ml.  of  water  and  5  grams  of 


reagent  grade  sodium  chloride  were  added,  followed  by  a  known 
amount  of  potassium  bromide  solution.  After  10  ml.  of  the  hypo¬ 
chlorite  solution  were  added,  the  pH  was  adjusted  to  between 
b  0  and  6.5.  Since  the  presence  of  hypochlorite  interferes  with 
the  use  of  common  acidimetric  indicators,  a  small  amount  of 
zinc  acetate  was  added  to  the  solution.  After  some  zinc  hy¬ 
droxide  was  precipitated  glacial  acetic  acid  was  added  dropwise 
until  all  zinc  hydroxide  was  just  dissolved.  At  this  point  the  pH 
was  between  6.3  and  6.8. 

The  solution  was  acidified  with  hydrochloric  instead  of  sul- 
furic  acid  because  of  the  presence  of  calcium.  The  results  ob¬ 
tained  are  shown  in  Table  II. 


Table  II.  Determination  of  Bromide  in  Synthetic  and 
Natural  Brines 


C Artificial  brine  contained  2.5  grams  of  anhydrous  calcium  chloride,  5  grams 
of  sodium  chloride,  and  2.911  mg.  of  bromine  as  potassium  bromide) 


Artificial  brine 

pH  6.25,  glass  electrode  used 
pH  6.3  to  6.8,  zinc  acetate  used 


Natural  Michigan  salt  brines  contain¬ 
ing  175,000  p.  p.  m.  of  chloride, 
10.00-ml.  samples 

Brine  A,  pH  6.25 
Brine  B,  pH  6.25 


Bromide 

Found 

Error 

Mg. 

Mg. /I. 

Mg. 

2.906 

-0.005 

2.907 

-0.004 

2.891 

-0.020 

2.914 

+  0.003 

2.914 

+  0.003 

6.080 

608.0 

6.081 

608.1 

7.486 

748.6 

7.475 

747.5 

Special  Solutions 

Sodium  Hypochlorite  Solution.  Dissolve  7.0  grams  of  re¬ 
agent  sodium  hydroxide  in  150  ml.  of  water,  cool  to  room  tem¬ 
perature,  saturate  with  chlorine  gas,  and  after  the  solution  is  dis¬ 
tinctly  yellowish  pass  air  through  for  10  minutes.  Add  1.8 
grams  of  reagent  sodium  hydroxide  and  dilute  to  200  ml. 

This  solution  contains  enough  free  sodium  hydroxide  to  be 
stable  for  a  few  days  if  kept  cold.  Sodium  hypochlorite  solutions 
with  a  pH  below  12  are  too  unstable. 

Sodium  Formate  Solution.  25  grams  of  c.  p.  sodium  formate 
dissolved  and  diluted  to  50  ml. 


Table  I.  Influence  of  pH  on  Oxidation  of  Bromide  to 
Bromate  with  Hypochlorite 

(Each  sample  contained  2.911  mg.  of  bromine  as  potassium  bromide  and  5 
grams  of  reagent  sodium  chloride.) 


pH 

Bromide 

Found 

Error 

Average 

Error 

Mg. 

Mg. 

Mg. 

5.0 

2.84 

-0.07 

0.06 

2.88 

-0.03 

2.83 

-0.08 

5.5 

2.902 

-0.009 

0.012 

2.902 

-0.009 

6.0 

2.928 

+  0.017 

2.911 

0.000 

0.002 

2.911 

0.000 

6.5 

2.904 

-0.007 

2.898 

-0.013 

0.008 

2.907 

-0.004 

2.904 

-0.007 

7.0 

2.902 

-0.009 

0.009 

2.906 

-0.005 

2.924 

+  0.013 

7.5 

2.884 

-0.027 

0.028 

2.883 

-0.028 

8.0 

2.882 

-0.029 

2.68 

-0.23 

0.158 

2.82 

-0.09 

8.5 

2.76 

-0.15 

2.72 

-0.19 

0.179 

2.72 

-0.19 

2.76 

-0.15 

9.0 

Excess  hypochlorite  did  not  react 

with  formate. 

Procedure 

Dilute  or  concentrate  a  sample  containing  no  more  than  13  mg. 
of  bromide  to  25  to  50  ml.  in  a  400-ml.  beaker.  If  the  solution  is 
distinctly  acid  or  alkaline,  neutralize  with  acetic  acid  or  sodium 
hydroxide  solution.  If  there  is  not  an  excess  of  chloride  in  the 
sample,  add  5  grams  of  reagent  grade  sodium  chloride.  After 
all  solids  have  dissolved  add  5  to  10  ml.  of  the  sodium  hypochlo¬ 
rite  solution,  depending  on  the  amount  of  bromide  present.  Ad¬ 
just  the  pH  to  between  6.0  and  6.5,  using  a  glass  electrode,  by 
adding  glacial  acetic  acid  and,  if  necessary,  sodium  hydroxide 
solution.  As  alternative  add  a  solution  of  0.1  gram  of  zinc  ace¬ 
tate  in  5  ml.  of  water  containing  a  few  drops  of  acetic  acid,  and 
after  obtaining  a  precipitate  of  zinc  hydroxide  add  just  enough 
glacial  acetic  acid  dropwise  to  dissolve  all  zinc  hydroxide.  On 
swirling  no  zinc  hydroxide  should  remain  on  the  sides  of  the 
beaker. 

Rinse  down  the  sides  of  the  beaker  with  water,  heat  over  a 
small  flame,  and  bring  the  solution  to  boiling  in  5  to  10  minutes, 
then  add  5  ml.  of  the  sodium  formate  solution  or  2.5  grams  of 
solid  c.  p.  sodium  formate.  This  should  cause  an  effervescence 
of  carbon  dioxide,  indicating  that  a  sufficient  excess  of  the  so¬ 
dium  hypochlorite  was  used.  Rinse  down  the  sides  of  the  beaker 
and  boil  for  a  few  seconds.  Cool  to  room  temperature,  dilute  to 
150  to  200  ml.,  and  add  5  ml.  of  a  20  per  cent  potassium  iodide 
solution  or  1  gram  of  solid  potassium  iodide.  If  free  iodine  is 
liberated  at  this  point  the  sample  must  be  discarded.  Add  8  ml. 
of  concentrated  hydrochloric  acid  diluted  to  30  ml.  and  1  or  2 
drops  of  0.25  M  ammonium  molybdate  solution.  Titrate  imme- 
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diately  with  a  0.01  N  sodium  thiosulfate  solution,  adding  a  little 
starch  solution  just  before  the  end  point,  until  the  disappearance 
of  the  blue  color. 

Run  a  blank  in  the  same  manner,  using  the  same  amounts  of 
reagents.  The  blank  usually  requires  between  0.2  and  0.8  ml.  of 
0.01  N  sodium  thiosulfate  solution. 

One  milliliter  of  0.01  N  thiosulfate  solution  corresponds  to 
0.00013319  gram  of  bromide. 

The  thiosulfate  is  conveniently  standardized  against  analytical 
reagent  potassium  iodate. 

Summary 

An  improved  method  of  determining  bromide  in  brines  is 
described.  The  bromide  is  oxidized  to  bromate  with  hypo¬ 
chlorite  at  a  pH  of  5.5  to  7.0  which  is  adjusted  by  using  zinc 


hydroxide  as  indicator  or  by  using  a  glass  electrode.  After 
the  removal  of  excess  hypochlorite  by  formate  the  bromate  is 
determined  iodometrically.  This  method  is  rapid  and  is  suit¬ 
able  for  amounts  of  bromide  up  to  about  13  mg.  with  an  ac¬ 
curacy  of  about  2.5  parts  in  1000. 

Iodide  and  all  oxidizing  reagents  that  will  liberate  iodine 
from  iodide  in  an  aqueous  solution  interfere. 
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Determination  of  Water  in  Aniline  by  a  Cloud 

Point  Method 

WILLIAM  SEAMAN,  A.  R.  NORTON,  and  J.  J.  HUGONET 
Calco  Chemical  Division,  American  Cyanamid  Company,  Bound  Brook,  N.  J. 


A  METHOD  has  been  reported  for  determining  water  in 
aniline  by  means  of  the  cloud  point  of  a  mixture 
of  the  aniline  with  rapeseed  oil  ( 2 ,  8).  Because  rapeseed  oil 
is  imported  and  its  sale  is  subject  to  governmental  priorities, 
it  seemed  desirable  to  attempt  to  substitute  an  oil  more 
easily  available  to  American  chemists,  so  that  the  use  of  the 
method  (which  is  a  good  one)  in  the  wartime  production  of 
aniline  would  not  be  hindered.  It  was  found  that  a  mixture 
of  cottonseed  oil  and  heavy  mineral  oil  could  be  used  satis¬ 
factorily  instead  of  rapeseed  oil,  with  some  points  of  ad¬ 
vantage  for  the  mixed  oil  over  the  rapeseed  oil.  The  method 
using  mixed  oil  has  a  standard  deviation  from  the  true  value 
for  a  single  determination  of  =*=  0.006  per  cent  of  water  up  to 
about  1.5  per  cent  of  water,  and  =*=0.009  per  cent  from  1.5 
to  4.2  per  cent  of  water.  The  standard  deviation  using 
rapeseed  oil  was  found  to  be  =*=0.015  per  cent  of  water  up 
to  a  water  content  of  2  per  cent. 

Reagents 

Cottonseed  Oil.  The  commercial  “cooking  oil”  first  used 
had  a  specific  gravity  (25°  C./25°  C.)  of  0.9172  and  a  refractive 
index  (n2D°  °  C.)  of  1.47324,  and  the  insoluble  fatty  acids  obtained 
upon  saponification  had  a  freezing  point  of  31.9°  C.  The  oil 
gave  a  positive  response  to  the  Halphen  test  for  cottonseed  oil 
(red  coloration  upon  heating  in  carbon  disulfide  with  amyl  alcohol 
and  sulfur).  Wesson  oil,  a  brand  of  cottonseed  oil,  which  was 
also  used,  had  a  specific  gravity  (25°  C./250  C.)  of  0.9171. 

Mineral  Oil.  The  mineral  oil  first  used  was  a  heavy  white 
oil  that  had  a  specific  gravity  (25°  C./25°  C.)  of  0.8756  and  a 
refractive  index  (n™ °  C.)  of  1.47916.  Nujol,  a  brand  of  medicinal 
mineral  oil,  which  was  also  used,  had  a  specific  gravity  (25°  C./ 
25°  C.)  of  0.8757. 

Mixed  Oil.  Five  parts  by  volume  of  cottonseed  oil  and 
one  part  of  mineral  oil  were  used  with  the  slight  adjustment 
described  below. 

Apparatus  and  Procedure 

All  apparatus  must  be  dried  by  heating  and  cooling  in  a  desicca¬ 
tor,  by  a  stream  of  dried  air,  or,  for  the  aniline  pipet,  by  washing 
several  times  with  the  aniline  sample  to  be  analyzed. 

With  a  5-ml.  Mohr  pipet,  transfer  3.5  ml.  of  the  mixed  oil  to  a 
test  tube  (2.5  X  15  cm.,  1  by  6  inches)  and  then  add  (25-ml. 


Mohr  pipet)  20  ml.  of  the  aniline.  Insert  into  the  test  tube  a 
two-hole  cork  stopper  containing  in  one  hole  a  thermometer  and 
in  the  other  a  stirrer  with  a  loop  to  encircle  the  thermometer. 
(Any  efficient  stirrer  can  be  used.)  The  thermometer  may  be 
of  any  type,  but  it  should  be  calibrated  in  tenths  of  a  degree 
centigrade  and  the  temperature  should  be  capable  of  being 
estimated  to  at  least  0.05°  C.  There  should  be  about  5-mm. 
clearance  between  the  bottom  of  the  test  tube  and  the  bottom  of 
the  thermometer  bulb.  When  20°  range  thermometers  are  used, 
two  are  necessary,  one  covering  the  range  30  °  to  50  °  C.  for  water 
up  to  about  2.5  per  cent,  and  the  other  40°  to  60°  C.  for  water 
from  2.5  to  about  4.5  per  cent. 

With  constant  stirring  of  its  contents,  the  tube  is  dipped  into 
a  warm  water  bath  until  the  opaque  emulsion  just  changes  to  a 
slightly  turbid  liquid.  It  is  immediately  removed  from  the  bath 
in  order  to  avoid  too  high  a  rise  in  temperature,  and  its  contents, 
which  are  now  clear,  are  stirred  with  long  even  strokes  (about 
50  to  80  per  minute)  until  the  cloud  point  is  reached.  This  is 
recorded  to  the  nearest  0.05°  C.  About  0.3°  to  0.4°  C.  above 
the  cloud  point,  a  slight  turbidity  develops,  which  increases 
gradually  upon  cooling,  giving  an  indication  of  the  approach  of 
the  cloud  point.  Then  suddenly,  within  a  temperature  drop  of 
less  than  0.05°  C.,  the  mixture  becomes  milky  and  practically 
opaque.  This  constitutes  the  cloud  point. 

The  percentage  of  water  may  be  calculated  from  the  linear 
equation : 

Per  cent  water  by  weight  = 

cloud  point  found  (°  C.  corr.)  —  cloud  point  of  dry  aniline 

(°  C.  corr.) 

mean  variation  of  cloud  point  for  1  per  cent  variation  in 

water  content 

Substituting  the  proper  constants,  for  cloud  point  values 
up  to  about  42.60°  C.  (1.15  per  cent  water)  the  formula 
becomes : 

Per  cent  water  by  weight  = 

cloud  point  found  (°  C.  corr.)  —  36.80 
5.043 

For  values  of  the  cloud  point  from  42.60°  to  58.75°  C. 
(4.2  per  cent  water)  the  value  of  the  denominator  changes 
and  the  equation  becomes: 
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Per  cent  water  by  weight  =  — - — '  u  -f- 

O.Utro 

cloud  point  found  (°  C.  corr.)  —  42.60 

5.263 

,  ,,  ,  cloud  point  found  (°  C.  corr.)  —  42.60 
'  °  +  5.263 


Duplication  of  Mixed  Oils 

When  a  fresh  batch  of  mixed  oil  is  made  up,  it  can  be 
adjusted  by  adding  cottonseed  or  mineral  oil,  so  that  dry 
aniline  will  have  a  cloud  point  of  36.80°  C.  within  the  normal 
variation.  The  formulas  could  then  be  used  without  change, 
but  it  is  advisable  to  check  them  with  a  few  samples  of 
aniline  of  known  water  content.  About  7  or  8  ml.  of  mineral 
oil  added  to  1  liter  of  5  to  1  mixed  oil  raise  the  cloud  point  by 
about  1°,  whereas  about  40  ml.  of  cottonseed  oil  lower  the 
point  by  the  same  amount.  It  is  thus  easier  to  adjust 
finally  by  adding  cottonseed  oil  rather  than  mineral  oil. 


Figure  1.  Variation  of  Cloud  Point  with  Changing  Ratio 
of  Cottonseed  Oil  to  Aniline 


In  this  way  it  is  possible  to  adjust  the  proportions  of 
cottonseed  and  mineral  oils  of  different  origin  so  that  the 
given  formulas  may  be  used,  but  this  adjustment  must  be 
made  by  trial  and  error.  Merely  to  mix  cottonseed  and  min¬ 
eral  oils  in  the  same  proportions  will  not  necessarily  give  an 
oil  which  will  fit  the  formulas.  For  instance,  before  any 
adjustment,  twro  samples  of  mixed  oil  (made  from  cotton¬ 
seed  and  mineral  oils  from  different  sources,  but  mixed  in 
the  same  proportions  as  exactly  as  possible)  gave,  with  the 
same  sample  of  aniline,  cloud  points  of  39.70°  and  36.90°  C., 
respectively. 

Fairly  dry  oils  should  be  used,  but  small  variations  in 
their  water  content  are  of  slight  influence.  If  water  is 
present,  it  will  effect  the  initial  cloud  point  of  the  mixed 
oil,  but  since  the  latter  is  finally  adjusted  to  a  definite  value, 
the  adjustment  automatically  corrects  for  the  water  present. 
This  would  obviously  not  be  possible  with  a  single  oil  such 
as  rapeseed  oil. 

A  mixed  oil  was  prepared  from  Wesson  oil  and  Nujol,  in 
order  to  determine  whether  adjustments  of  a  fresh  batch 
of.  oil,  made  with  different  samples  of  cottonseed  oil  and 
mineral  oil,  to  a  36.80°  C.  cloud  point  for  dry  aniline  would 
maintain  the  correctness  of  the  formulas.  Ten  known  aniline 
solutions  containing  from  0.00  to  1.18  per  cent  by  weight 
of  water  were  examined.  The  values  found  by  using  the 
formulas  agreed  with  the  known  values  as  closely  as  the 
known  accuracy  of  the  method  would  lead  one  to  expect. 


Precision  and  Accuracy 

The  formulas  given  above  are  based  upon  a  plot  of  a  total 
of  51  values  for  cloud  points  obtained  with  aniline  samples 
of  known  water  content. 

The  precision  of  the  values  obtained  is  less  for  samples 
with  more  than  1.15  per  cent  of  water  than  for  those  with 
less  water.  Using  solutions  of  water  in  aniline  ranging 
from  0.000  to  1.199  per  cent  of  water,  the  cloud  points 
deviated  from  those  calculated  from  the  formula  by  from 
+0.07°  to  -0.05°  C.  for  34  values.  The  standard  deviation 
of  a  single  value  from  the  arithmetic  mean  was  =±=0.03°  C. 
(equivalent  to  ±0.006  per  cent  of  water).  (The  standard 
deviation  is  the  square  root  of  the  arithmetic  mean  of  the 
squares  of  the  deviations  of  the  individual  values  from  their 
arithmetic  mean.  It  represents  the  range  above  and  below 
the  arithmetic  mean  within  which  about  68  per  cent  of  the 
determined  single  values  will  lie.  By  determining  more  than 
one  value,  the  standard  deviation  of  the  mean  will  be  that 
of  a  single  value  divided  by  the  square  root  of  the  number 
of  values  used  in  obtaining  the  mean  value.) 

In  the  range  1.514  to  4.230  per  cent  of  water,  the  cloud 
points  deviated  from  those  calculated  from  the  formula 
by  from  +0.08°  to  -0.07°  C.  for  17  values.  The  standard 
deviation  was  ±0.046°  C.  (equivalent  to  ±0.009  per  cent 
of  water).  It  is  obvious  that  the  precision  of  the  values 
should  decrease  with  an  increase  in  the  difference  between 
the  cloud  point  and  room  temperature,  as  occurs  with  the 
higher  values,  because  of  more  rapid  cooling. 

If  the  aniline  used  for  determining  the  constants  of  the 
equations  can  be  shown  to  be  free  of  water  in  so  far  as  this 
can  be  proved,  considering  the  precision  of  the  method,  the 
precision  will  then  be  synonymous  with  the  accuracy.  Mere 
distillation  in  a  well-dried  system  and  collection  of  a  middle 
cut  of  constant  boiling  point  was  unsatisfactory,  yielding 
aniline  which  had  0.02  per  cent  of  water.  The  aniline  which  was 
finally  used  was  obtained  by  distilling  2.5  liters  of  aniline,  col¬ 
lecting  21  cuts,  and  determining  cloud  points  on  alternate  cuts. 
It  was  assumed  that  constancy  of  the  cloud  point  would  indi¬ 
cate  a  dry  aniline.  This  assumption  was  based  on  the  high 
sensitivity  of  the  method  to  the  presence  of  small  amounts 
of  water.  (It  might,  of  course,  be  sufficient  to  dry  the 
aniline  merely  by  an  efficient  desiccant.)  After  the  first 
cut  of  350  ml.  (cloud  point  37.30°  C.)  the  cloud  points  of  all 
the  other  cuts  (1965  ml.)  varied  between 36.77°  and  36.87°  C. 
for  ten  values,  with  no  trend  toward  lower  cloud  points  in 
the  later  cuts.  The  mean  value  was  36.80°  C.  with  a  standard 
deviation  of  a  single  value  from  the  mean  of  ±0.048°  C. 
Since  36.80°  C.  is  a  mean  of  ten  values,  its  standard  deviation 
±0  048°  C 

would  be  — -y^iQ - ’  0r  C.,  which  is  less  than  the 

limit  of  reading  the  thermometer.  Consequently,  the  value 
taken  for  dry  aniline  is  of  sufficient  precision  to  indicate 
that  the  method  is  as  accurate  as  it  is  precise. 


Search  for  Most  Suitable  Oil 

Before  deciding  upon  a  mixed  cottonseed-mineral  oil  to 
replace  rapeseed  oil,  other  possibilities  were  considered. 
Mineral  oil  alone  was  not  satisfactory.  When  as  little  as 
1  ml.  was  used  with  25  ml.  of  stock  aniline  containing  no 
added  water,  the  mixture  remained  cloudy  even  in  a  boiling 
water  bath.  Castor  oil  alone  was  too  viscous  for  satisfactory 
use;  besides,  mixtures  with  the  stock  aniline  containing 
1  ml.  of  the  oil  to  25  ml.  of  aniline  or  equal  proportions  of 
oil  and  aniline  did  not  become  turbid  even  in  an  ice  bath. 
A  mixture  of  5  ml.  of  castor  oil  and  1  ml.  of  mineral  oil  with 
25  ml.  of  aniline  gave  a  fairly  reproducible  cloud  point  at 
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about  53.5°  C.,  but  the  point  was  not  s.o  sharp  as  with  rape- 
seed  oil  and,  in  addition,  oily  droplets  persisted  even  above 
the  temperature  at  which  the  main  turbidity  had  vanished. 
Additions  of  1  and  2  per  cent  of  water  caused  increases  of 
about  4.5°  and  7.5°,  respectively,  in  the  cloud  point,  but 
the  oily  droplets  still  persisted. 


Figure  2.  Cottonseed-Mineral  Oil  Mixtures 


Jansen  and  Schut  (3)  studied  the  cloud  points  of  aniline 
containing  water  in  solution,  by  means  of  rapeseed,  soy, 
arachis,  and  maize  oils  added  in  the  proportion  of  1  part  of 
oil  to  4  parts  of  aniline  (by  weight).  They  reported  cloud 
points  for  dry  aniline  with  these  oils  as  37.6°,  8.7°,  26.2°, 
and  11°  C.,  respectively. 

Before  fixing  the  proportions  of  mixed  oil  as  5  parts  by 
volume  of  cottonseed  oil  to  1  part  of  mineral  oil,  the  cloud 
points  were  determined  with  cottonseed  oil  alone  added  to 
aniline  in  various  proportions.  The  oil  was  unsuitable 
in  any  proportion  which  was  tried,  because  the  cloud  points 
obtained  with  it  were  not  only  too  low  for  manipulative 
convenience,  but  could  not  be  obtained  with  sufficient 
precision.  Figure  1  illustrates  the  variations  in  cloud  points 
of  a  stock  sample  of  aniline  with  changes  in  the  proportion 
of  cottonseed  oil  used.  Even  the  highest  cloud  point  ob¬ 
tained  is  below  the  usual  room  temperature.  The  use  of  this 
oil  would,  therefore,  necessitate  a  cooling  bath  that  would 
have  to  be  regulated  to  within  a  few  degrees  of  the  expected 
cloud  point.  Even  then  the  precision  was  actually  con¬ 
siderably  poorer  than  with  the  mixed  oil. 

On  the  basis  of  the  behavior  of  the  aforementioned  oils 
and  with  a  consideration  of  their  availability,  mixtures  of 
mineral  oil  and  cottonseed  oil  were  tried. 

Figure  2  gives  the  variation  in  the  cloud  point  with  a  changing 
ratio  of  mixed  oil  to  aniline  for  a  mixture  of  5  parts  (by  volume) 
of  cottonseed  oil  to  1.2  parts  of  mineral  oil  (curves  A  and  B) 
and  for  another  mixture  of  5  parts  of  cottonseed  oil  to  1.0  part 
of  mineral  oil  (curves  C  and  D).  A  and  C  are  for  stock  aniline, 
and  B  and  D  are  for  stock  aniline  with  0.2  per  cent  of  added 
water.  With  both  oil  mixtures  the  cloud  point  reaches  a  maxi¬ 
mum  with  3.5  ml.  of  oil  for  20  ml.  of  aniline,  but  with  the  5  to 
1.0  mixture  the  slope  of  the  curve  changes  more  slowly  near  the 


maximum  than  with  the  5  to  1.2  mixtures.  Because  of  this,  the 
5  to  1  mixture,  when  used  in  the  ratio  of  3.5  ml.  of  the  mixture 
to  20  ml.  of  aniline,  would  suffer  less  change  in  cloud  point 
because  of  small  variations  in  the  ratio  of  mixed  oil  to  aniline, 
and  so  would  be  preferable  to  the  5  to  1.2  mixture. 

Comparison  of  Rapeseed  Oil  and  Mixed  Oil 
Procedures 

The  use  of  the  mixed  oil  instead  of  rapeseed  oil  has  several 
advantages. 

With  rapeseed  oil  the  transition  from  a  clear  to  a  cloudy 
solution  is  abrupt,  so  that  the  analyst  has  no  warning  of 
the  approach  of  the  cloud  point.  With  the  mixed  oil  a 
region  of  about  0.3°  to  0.5°  C.  occurs  upon  cooling,  in  which 
the  mixture  gradually  assumes  a  turbid  appearance,  which 
is  followed  by  the  abrupt  formation  of  a  distinct  opacity. 
The  latter  is  taken  as  the  cloud  point  and  is  reproducible. 
Dolique  ( 1 )  has  reported  that  a  similar  phenomenon  takes 
place  upon  adding  various  substances  to  the  phenol-water 
system  when  the  added  substances  contain  impurities.  He 
considers  this  behavior  to  be  characteristic  of  quaternary 
systems  for  low  concentrations  of  the  fourth  component. 
In  the  analysis  for  water  in  aniline  the  water  would  serve  as 
the  fourth  component  present  in  low  concentration. 

Another  advantage  lies  in  the  fact  that  with  the  mixed 
oil  there  seems  to  be  less  tendency  toward  a  loss  of  moisture 
during  the  heating  preliminary  to  determining  the  cloud 
The  loss  of  water  with  both  oils  is,  of  course,  greater 
.  than  for  low  concentrations  of  water.  For  water 

..centrations  from  0  to  about  1  per  cent,  reheating  the 
aniline-oil  mixture  in  the  manner  described  for  the  test 
caused  the  cloud  point  to  drop  about  0.05°  C.  with  rapeseed 
oil,  and  from  0°  to  0.05°  C.  with  the  mixed  oil.  For  aniline 
containing  from  1  to  about  3  per  cent  of  water,  with  the  use 
of  rapeseed  oil  the  cloud  point  suffered  a  change  of  0.2°  to 
0.4°,  whereas  with  the  mixed  oil  it  changed  by  from  0°  to 
0.15°.  For  a  sample  of  aniline  containing  4.2  per  cent  of 
water,  with  rapeseed  oil  the  change  was  0.8°  to  1.0°,  whereas 
with  the  mixed  oil  the  change  was  only  0.20°  to  0.25°.  This 
would  indicate  that  the  use  of  the  mixed  oil  might  offer  less 
liability  of  error  because  of  change  in  composition  during 
the  preparation  of  the  mixture  for  the  test. 

Still  another  advantage  of  the  mixed  oil  over  the  rapeseed 
oil  is  the  possibility  of  adjusting  any  batch  of  oil  to  the 
value  obtained  with  the  previous  batch,  regardless  of  the 
differences  in  moisture  content  of  the  oil.  With  rapeseed 
oil,  an  entire  new  calibration  might  have  to  be  made  with 
every  new  batch  of  oil.  For  instance,  the  authors  found 
when  using  a  commercial  rapeseed  oil  that  the  cloud  points 
from  0  to  2  per  cent  of  water  were  35.90°  to  47.75°  C.  cor¬ 
rected  respectively,  about  1.4°  C.  lower  than  the  correspond¬ 
ing  values  reported  by  Griswold  ( 2 ) .  The  slopes  of  the  lines 
representing  the  two  sets  of  data  were,  however,  identical. 

The  mixed  oil  also  appeared  to  have  some  advantage  in 
precision.  Nineteen  cloud  point  values  were  obtained  with 
rapeseed  oil  on  solutions  of  water  in  aniline  ranging  from  0 
to  2.2  per  cent  by  weight.  The  values  deviated  from  the 
best  possible  mean  straight  line  by  from  +0.15°  to  —0.15°  C. 
The  standard  deviation  was  ±0.087°  C.,  equivalent  to  ±0.015 
per  cent  of  water.  The  standard  deviation  calculated  from 
Griswold’s  data  is  ±0.027  per  cent  by  weight  of  water  for 
values  up  to  about  2  per  cent  of  water. 
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A“DOUBLE-indicator  method”  has  been  developed  for 
determining  the  saponification  number  of  fats  and  oils. 
For  almost  all  oils  this  method  gives  excellent  checks  with 
the  standard  method  and  requires  less  time,  reagents,  and 
apparatus. 

Figure  1  represents  the  potentiometric  titration  of  the 
solution  obtained  by  saponifying  5  grams  o'f  oil  or  fat  with 
50  ml.  of  alcoholic  potassium  hydroxide  according  to  the 
standard  procedure  (1).  The  acid  added  up  to  the  first 
point  of  inflection  is  used  to  neutralize  the  excess  potassium 
hydroxide.  The  acid  added  between  the  two  points  of  in¬ 
flection  is  used  for  the  reaction 


RCOO-  +  K+  +  H+  +  Cl-  — >  RCOOH  +  K+  +  CD 

Some  of  the  fatty  acids  formed  in  this  part  of  the 
separate  as  a  solid  or  liquid  phase.  The  acid  added  bet 
the  two  jumps  is  equivalent  to  the  soap  formed  or  to  ttie 
potassium  hydroxide  that  reacted  with  the  oil  during  the 
saponification.  Therefore,  the  saponification  number  of 
the  oil  can  be  calculated  from  the  weight  of  oil  taken,  the 
volume  of  acid  used  between  the  two  jumps,  and  the  con¬ 
centration  of  this  acid.  The  volume  of  alcoholic  potassium 
hydroxide  and  its  concentration  are  not  required  for  the 
calculation,  and  the  blank  titration  is  eliminated. 


Figure  1.  Titration  Graph  of  Saponified  Corn  Oil 


However,  the  slope  of  the  graph  at  the  second  equivalence 
point  is  ordinarily  not  great  enough  to  permit  an  accurate 
determination  of  this  point  either  with  the  potentiometer 
or  with  a  suitable  indicator.  This  slope  is  given  by  the 
equation  (2,  S ) 


fipH  _ 
dv  ~ 


-0.22  iV 


V— 

yRLV 


where  v  is  the  buret  reading,  N  the  normality  of  the  hydro¬ 
chloric  acid,  K  the  ionization  constant  of  the  fatty  acid,  V 


the  total  volume  of  the  solution,  and  L  the  number  of  mil¬ 
limoles  of  fatty  acid  in  solution  at  the  equivalence  point. 
An  accurate  solution  of  this  equation  is  not  practical  because 
the  titration  deals  with  a  mixture  of  fatty  acids  rather  than 
with  a  single  acid  and  because  the  ionization  constants  of  the 
acids  in  the  mixture  of  alcohol  and  water  are  not  known. 

Nevertheless,  the  equation  indicates  that  the  slope  can 
be  increased  (arithmetically)  by  decreasing  the  quantity  of 
fatty  acid  dissolved  in  the  alcohol-water  mixture.  This  is 
readily  accomplished  by  the  addition  of  10  ml.  of  benzene, 
which  extracts  most  of  the  fatty  acids  from  the  aqueous 
layer.  This  removal  of  the  fatty  acid  also  raises  the  pH  of 
the  equivalence  point.  For  example,  in  the  titration  of 
saponified  corn  oil  without  the  addition  of  benzene,  the 
second  point  of  inflection  occurred  at  a  pH  of  3.76  and  had 
a  slope  of  —2.1  pH  units  per  ml.;  in  another  titration  per¬ 
formed  by  the  same  procedure  except  for  the  addition  of  10 
ml.  of  benzene,  the  pH  at  the  second  point  of  inflection  was 
4.31  and  the  slope  was  —6.9. 


Reagents 

Alcoholic  potassium  hydroxide  is  prepared  according  to  the 
standard  procedure,  the  alcohol  being  previously  distilled  from 
a  mixture  of  potassium  hydroxide  and  aluminum  ( 1 ).  The 
solution  is  filtered  to  remove  potassium  carbonate.  The  storage 
bottle  is  fitted  with  a  two-hole  rubber  stopper  which  carries  an 
Ascarite  tube  and  a  siphon.  Thus  the  solution  is  effectively 
protected  against  the  absorption  of  carbon  dioxide. 

Bromophenol  blue  (0.010  M)  is  prepared  by  mixing  1.3  grams 
of  the  indicator  with  2.0  millimoles  of  sodium  hydroxide  and 
diluting  with  water  to  200  ml. 


Procedures 

Potentiometric  Method.  Five  grams  of  oil  are  saponified 
according  to  the  standard  method  ( 1 ),  except  that  the  volume  of 
alcoholic  potassium  hydroxide  is  measured  only  roughly  and  a 
U-shaped  Ascarite  tube  is  attached  to  the  upper  end  of  the  reflux 
condenser.  This  tube  contains  Ascarite  in  only  one  side,  and  the 
other  side  (inverted)  is  attached  to  the  reflux  condenser.  Thus 
there  is  no  possibility  that  any  Ascarite  will  contaminate  the 
solution. 

After  saponification,  the  solution  is  cooled  to  room  tempera¬ 
ture,  or  slightly  above  room  temperature  if  necessary  to  prevent 
the  crystallization  of  the  soap.  A  cork  stopper  fitted  with  glass 
and  calomel  electrodes  is  placed  in  the  neck  of  the  flask.  The 
solution  is  titrated  with  standard  0.5  N  hydrochloric  acid,  the 
pH  readings  being  taken  on  a  Beckman  pH  meter,  laboratory 
model.  In  the  vicinity  of  the  first  equivalence  point,  the  acid 
is  added  in  increments  of  0.10  ml.  After  the  first  equivalence 
point,  10  ml.  of  benzene  are  added,  and  the  titration  is  continued. 
Near  the  second  equivalence  point,  increments  of  0.10  ml.  are 
again  added,  and  the  flask  is  swirled  vigorously  after  each  addition 
to  hasten  the  extraction  of  the  liberated  fatty  acids  by  the 
benzene. 

The  inflection  points  are  located  by  calculating  the  second 
differentials  of  the  pH  with  respect  to  the  buret  reading,  A2pH/ 
Ar2,  and  interpolating  to  find  the  buret  reading  at  which  this 
differential  is  zero.  The  slopes  are  considered  to  be  ten  times 
the  maximum  increment  in  pH. 

Double-Indicator  Method.  The  oil  is  saponified  as  in  the 
potentiometric  method.  After  cooling,  17  drops  (0.3  ml.)  of 
1  per  cent  alcoholic  phenolphthalein  are  added.  Then  0.5  N 
hydrochloric  acid  is  added  until  the  color  of  the  indicator  dis- 
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appears.  The  volume  of  acid  used  to  reach  this  end  point  need 
not  be  measured.  Then  3  drops  (0.2  ml.)  of  0.010  M  bromo- 
phenol  blue  and  10  ml.  of  benzene  are  added,  the  buret  is  refilled 
to  the  zero  mark  with  standard  0.5  N  hydrochloric  acid,  and  the 
solution  is  titrated  to  a  green  color. 

This  end  point  is  sharp.  The  solution  is  distinctly  blue  a 
drop  or  two  before  the  end  point,  and  distinctly  yellow  a  drop  or 
two  beyond.  Nevertheless  a  few  cautions  may  be  helpful.  The 
solution  ordinarily  turns  yellow  several  drops  before  the  end  point 
is  reached.  Then  on  agitation,  the  color  changes  to  blue  again 
as  the  fatty  acids  are  extracted  by  the  benzene.  The  end  point 
is  a  green  color  that  is  not  changed  to  blue  by  further  swirling  of 
the  flask.  The  benzene  also  extracts  the  coloring  matter  (usually 
yellow)  of  the  oils.  Upon  agitation  of  the  flask  before  the  end 
point  is  reached,  the  emulsion  of  the  yellow  benzene  in  the  blue 
aqueous  phase  sometimes  gives  the  appearance  of  the  green  end 
point.  Fortunately,  the  two  phases  separate  quickly  when  the 
agitation  is  stopped,  and  the  color  of  the  aqueous  phase  can  be 
observed. 


Table  I.  Summary  of  Potentiometric  Titrations 


First  Jump  Second  Jump 


Oil 

pH 

Slope 

pH 

Slope 

Butter  fat 

10.70 

9.6 

3.89 

2.9 

Castor  oil 

10.03 

9.6 

4.49 

7.1 

Castor  oil,  acetylated 

11.14 

9.7 

3.27 

0.8 

Cocoa  butter 

10.66 

15.1 

4.28 

6.1 

Coconut  oil 

10.62 

9.4 

4.03 

3.9 

Cod  liver  oil 

10.50 

9.7 

4.45 

6.8 

Corn  oil 

10.13 

8.5 

4.31 

6.9 

Lard  oil 

10.49 

8.7 

4.46 

6.0 

Linseed  oil 

9.85 

8.1 

4.38 

6.8 

Neat’s-foot  oil 

9.86 

8.8 

4.41 

4.4 

Olive  oil 

10.35 

8.3 

4.55 

5.5 

Palm  oil® 

10.00 

5.5 

3.33 

0.8 

Rapeseed  oil 

10.15 

7.4 

4.61 

4.8 

Tung  oil 

10.28 

6.2 

4.42 

4.6 

°  See  discussion. 


Results 

The  pH  values  and  the  slopes  at  the  two  equivalence 
points  for  the  titrations  of  various  oils  are  recorded  in  Table 
I.  Ten  milliliters  of  benzene  were  added  after  the  first 
equivalence  point  in  all  these  titrations. 

A  comparison  of  the  results  obtained  by  the  recommended 
methods  with  those  of  the  standard  method  (1)  is  given  in 
Table  II. 

Discussion 

It  is  well  known  that  the  glass  electrode  fails  to  check  the 
hydrogen  electrode  in  solutions  of  high  pH  and  also  in  solu¬ 
tions  containing  a  large  concentration  of  alcohol.  Therefore 
the  values  read  on  the  scale  of  the  Beckman  pH  meter  in 
this  work  should  not  be  interpreted  as  exponents  of  hydrogen- 
ion  activity  or  concentration.  The  uncertainty  of  the 
liquid-junction  potential  between  the  aqueous  solution  in 
the  calomel  electrode  and  the  mixed  solvent  adds  further 
doubt  to  the  meaning  of  the  pH  values.  Nevertheless, 
these  values  were  perfectly  reproducible  and  changed  on 
addition  of  acid  or  base  in  the  expected  direction.  They  may 
be  used  to  compare  the  acidity  of  two  solutions  that  have 
approximately  the  same  ratios  of  alcohol  to  water. 

Varying  quantities  of  phenolphthalein  were  added  to  some 
of  the  solutions  that  were  titrated  potentiometrically.  It 
was  found  that  the  disappearance  of  the  indicator  color 
coincided  best  with  the  inflection  point  when  17  drops  of 
1  per  cent  phenolphthalein  were  added.  Therefore  this 
quantity  was  used  in  the  double-indicator  method. 

Table  I  reveals  that  for  all  the  oils  studied,  except  acety- 
lated  castor  oil  and  palm  oil,  the  second  inflection  point  occurs 
near  a  pH  of  4.3.  Bromophenol  blue  was  chosen  as  the 
indicator  for  this  end  point  because  it  shows  a  sharp  color 
change  at  a  pH  of  4.3  in  the  mixed  solvent. 


Table  II  reveals  that  the  recommended  methods  give 
excellent  checks  with  the  standard  method  for  all  the  oils 
studied  except  acetylated  castor  oil  and  palm  oil.  The 
failure  of  the  recommended  methods  with  acetylated  oils 
is  to  be  expected  because  the  benzene  fails  to  extract  acetic 
acid  from  the  aqueous  phase.  This  results  in  a  low  pH 
at  the  second  equivalence  point,  a  small  slope  of  the  graph 
at  this  point,  and  hence  an  unsatisfactory  end  point  with 
the  indicator. 

The  behavior  of  the  sample  of  palm  oil  is  more  puzzling. 
The  high  saponification  number  obtained  by  the  standard 
method  indicates  that  the  oil  was  not  pure  and  that  palm 
nut  oil  was  a  likely  adulterant.  The  low  pH  and  small 
slope  at  the  second  equivalence  point  indicate  the  presence 
of  fatty  acids  of  very  low  molecular  weight. 

The  potentiometric  method  is  time-consuming  and  is 
recommended  only  for  highly  colored  oils.  The  double¬ 
indicator  method,  however,  gives  accurate  results  and 
requires  less  time,  reagents,  and  apparatus  than  the  standard 
method. 

The  double-indicator  should  be  more  easily  adaptable 
to  microprocedures  than  the  standard  method.  In  any 
micromodification  of  the  standard  procedure,  it  would  be 
necessary  either  to  measure  accurately  a  very  small  volume 
of  alcoholic  potassium  hydroxide  or  to  use  a  very  dilute 
solution  of  this  reagent.  In  the  first  alternative,  difficulty 
would  be  encountered  because  of  the  volatility  and  large 
expansion  coefficient  of  the  alcohol.  In  the  second  alter¬ 
native,  the  time  of  saponification  would  be  prolonged.  In 
the  case  of  the  double-indicator  method,  a  small  volume  of 
fairly  concentrated  alcoholic  potassium  hydroxide  could  be 
used  without  the  necessity  for  accurate  measurement  or 
control  of  this  volume. 


Table  II.  Comparison  of  Results  by  Various  Methods 

Standard  Potentiometric  Double-Indicator 

Method  Method  Method 


Saponifica¬ 

Saponifica¬ 

Differ¬ 

Saponifica¬ 

Differ¬ 

Oil 

tion  No. 

tion  no. 

ence 

tion  no. 

ence 

Butter  fat 

224.1 

224.2 

+0.1 

223.8 

-0.3 

Castor  oil 

181.5 

181.2 

-0.3 

181.0 

-0.5 

Castor  oil,  acetylated 

388.4 

390.1 

+  1.7“ 

b 

... 

Cocoa  butter 

194.6 

194.9 

+  0.3 

194.7 

+  0.1 

Coconut  oil 

258.6 

258.6 

0.0 

258.6 

0.0 

Cod  liver  oil 

188.0 

188.4 

+0.4 

188.3 

+  0.3 

Corn  oil 

191.6 

191.5 

-0.1 

191.8 

+0.2 

Lard  oil 

195.5 

195.5 

0.0 

195.7 

+0.2 

Linseed  oil 

187.0 

186.7 

-0.3 

186.6 

-0.4 

Neat’s-foot  oil 

186.7 

186.7 

0.0 

187.1 

+  0.4 

Olive  oil 

191.5 

191.4 

-0.1 

192.3 

+0.8 

Palm  oil 

238.0 

237.1 

-0.9“ 

b 

Rapeseed  oil 

174.3 

174.5 

+  0.2 

174.4 

+6A 

Tung  oil 

193.5 

193.2 

-0.3 

192.9 

-0.6 

Mean  (signs  disregarded) 

±0.2 

±0.3 

a  Omitted  in  calculating  mean. 
b  Method  not  applicable  to  these  oils. 


When  several  saponification  numbers  are  to  be  run,  the 
following  modification  of  the  double-indicator  method  may 
be  advantageous: 

Pipet  50.00  ml.  of  alcoholic  potassium  hydroxide  into  each  of 
the  flasks  containing  the  weighed  samples  of  oils.  After  saponi¬ 
fication,  titrate  two  or  three  samples  by  the  double-indicator 
method,  but  measure  the  volume  of  standard  hydrochloric  acid 
used  to  reach  both  the  first  and  the  second  end  points.  The 
total  volume  of  acid  is  the  same  as  the  blank  titration  of  the 
standard  method.  Then  the  remaining  samples  need  to  be 
titrated  only  to  the  phenolphthalein  end  point. 
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Colorimetric  Determination  of  Hydrogen 

Peroxide 

GEORGE  M.  EISENBERG,  Research  Laboratories,  Ozone  Processes,  Inc.,  1500  Walnut  St.,  Philadelphia,  Penna. 


DURING  a  study  of  the  effect  of  humidity  on  the  pro¬ 
duction  of  ozone  from  air  by  the  action  of  the  silent 
electric  discharge,  qualitative  tests  revealed  the  formation  of 
hydrogen  peroxide.  Attempts  at  quantitative  estimation  by 
means  of  the  commonly  employed  volumetric  methods  and 
by  those  few  colorimetric  procedures  ( S ,  4)  reported  in  the 
literature  were  not  entirely  satisfactory.  It  was  therefore 
necessary  to  develop  a  method  which  would  be  sensitive  to 
very  small  amounts  of  peroxide.  This  procedure,  in  compari- 


lution  was  cooled,  diluted  with  4  parts  (by  volume)  of  dis¬ 
tilled  water,  and  filtered  through  an  asbestos  mat  prior  to  use. 
Preliminary  experiments  in  which  varying  quantities  of  reagent, 
ranging  from  2  to  50  ml.,  were  diluted  to  100  ml.  with  distilled 
water  indicated  no  color  or  turbidity  to  be  present. 

A  standard  hydrogen  peroxide  solution  was  made  by  diluting 
2?  ml.  of  30  per  cent  hydrogen  peroxide  solution  to  1  liter  with 
distilled  water  and  standardized  by  titration  with  permanganate. 

Apparatus 


Figure  1.  Effect  of  Varying  Quantities  of  Test  Reagent  on  Color 

Intensity 

K.  &  S.  colorimeter,  filter  40,  cell  depth  40  mm. 


son  with  other  methods  based  on  the  same  chemical  reac¬ 
tion,  has  the  advantage  of  yielding  a  straight-line  calibra¬ 
tion  curve  over  the  concentration  range  specified. 


The  photoelectric  colorimeter  was  a  Klett-Summer- 
son  Model  900-3  in  which  was  used  a  KS-40  filter 
(transmission  limits  380  to  430  millimicrons).  An 
unusual  feature  of  this  instrument  is  the  scale  on 
which  readings  are  made.  This  scale  is  logarithmic 
and  has  been  designed  so  that  under  certain  specified 
conditions  the  scale  readings  are  a  measure  of  and 
are  proportional  to  the  optical  density  of  the  colored 
solution  as  determined  by  the  photoelectric  cell. 
Since  the  optical  density  is  theoretically  proportional 
to  the  concentration  of  the  colored  substance,  the 
scale  readings  are  likewise  proportional  to  the  con¬ 
centration  under  the  specified  conditions. 

Optimum  Quantity  of  Test  Reagent  for 
Maximum  Color  Development 

To  ascertain  whether  the  intensity  of  color  is  a 
function  of  the  quantity  of  titanium  sulfate  used, 
varying  quantities  of  the  test  reagent  were  added  to 
known  quantities  of  hydrogen  peroxide  solution  con¬ 
tained  in  a  series  of  100-ml.  Nessler  tubes.  All  solu¬ 
tions  were  then  diluted  to  100-ml.  volume  with  distilled 
water  and  the  intensity  of  color  was  measured  by 
transferring  to  the  solution  cell  of  the  colorimeter. 
In  all,  three  such  experiments  were  made  in  which  concentrations 
of  18,  9,  and  1.8  mg.  of  hydrogen  peroxide  per  liter  were  used. 
Cell  depth  was  40  mm.  Results  are  shown  graphically  in  Figure  1. 


Principle  of  Method 

The  method  is  based  on  photoelectric  measurement  of  the 
color  intensities  of  hydrogen  peroxide  solutions  treated  with 
titanium  sulfate  reagent.  The  yellow  color  produced  in  the 
reaction  was  first  observed  by  Schonn  (5)  and  according  to 
Treadwell  and  Hall  (5)  is  due  to  the  forma¬ 
tion  of  pertitanic  acid.  The  reaction  equa¬ 
tion  is  usually  written 

Ti++++  +  h202  +  2H20  =  H2TiO,  +  4H+ 

although  some  chemists  prefer  to  write  the 
formula  of  pertitanic  acid  as  Ti02.H202, 
showing  a  true  peroxide  structure.  It  was 
Jackson  (£)  who  pointed  out  the  quantitative 
possibilities.  Richardson  (4)  and  Knecht  (S) 
developed  methods  in  which  colors  were  com¬ 
pared  visually.  More  recently  Allsop  (1) 
reported  on  a  photoelectric  method  which  is 
discussed  in  greater  detail  below. 

Reagents  and  Solutions 

All  reagents  were  of  the  purest  grade  obtain¬ 
able. 

The  titanium  sulfate  test  reagent  was  pre¬ 
pared  by  digesting  1  gram  of  anhydrous  titanium 
dioxide  (Schering-Kahlbaum)  with  100  ml.  of 
sulfuric  acid  (specific  gravity  1.84)  for  15  to  16 
hours  on  a  sand  bath  at  a  temperature  of  150°  C. 


It  is  evident  that  1  volume  of  titanium  sulfate  reagent  per 
10  volumes  of  peroxide  solution  is  required  for  maximum  color 
development.  As  far  as  could  be  ascertained,  the  color  is 
developed  instantly  and  remains  stable  for  at  least  6  hours. 
In  view  of  this  finding,  10  ml.  of  reagent  were  used  in  all  subse¬ 
quent  experiments. 


Figure  2,  Conformity  to  Beer’s  Law 


327 


328 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  5 


Table  I.  Accuracy  of  Method 

(12.5-mm.  cell) 


Scale  Reading 

Concentration  of  H2O2 

Deviation 

Divisions 

Mg./ 100  ml. 

Mg./ 100  ml. 

Actual 

Calculated 

18 

0.18 

0.18 

0.00 

38 

0.36 

0.39 

+0.03 

54 

0.54 

0.55 

+  0.01 

78 

0.72 

0.80 

+0.08 

86 

0.90 

0.88 

-0.02 

106 

1.08 

1.08 

0.00 

125 

1.26 

1.27 

+  0.01 

139 

1.44 

1.42 

-0.02 

164 

1.62 

1.67 

+  0.05 

177 

1.80 

1.80 

0.00 

263 

2.70 

2.68 

-0.02 

Av.  ±0.03 

Conformity  to  Beer’s  Law 

A  series  of  solutions,  containing  from  1.8  to  27  mg.  of  hydrogen 
peroxide  per  liter,  was  prepared  by  placing  the  appropriate  quan¬ 
tity  of  peroxide  in  100-ml.  Nessler  tubes,  adding  10  ml.  of  titanium 
sulfate  reagent  to  each  tube,  and  diluting  to  the  mark  with  dis¬ 
tilled  water.  After  thorough  mixing  the  solutions  were  trans¬ 
ferred  to  the  colorimeter  cell.  Color  intensity  was  measured 
using  three  different  cell  depths:  40,  20,  and  12.5  mm. 

That  Beer’s  law  is  followed  by  the  color  system  is  evident 
from  the  fact  that  a  straight  line  is  obtained  when  the  scale 
readings  are  plotted  against  the  hydrogen  peroxide  concen¬ 
tration  (Figure  2).  The  deviation  from  the  straight-line  re¬ 
lationship  for  the  higher  color  intensities  (scale  readings 
above  300)  observed  in  the  cases  of  the  20-  and  40-mm.  cell 
depths  is  probably  due  to  the  fact  that  a  relatively  wide 
band-pass  filter  was  used.  The  use  of  a  smaller  cell,  12.5 
mm.,  eliminates  this  deviation  and  increases  the  effective 
range  of  the  method.  In  view  of  this,  in  order  to  obtain 
conformity  to  Beer’s  law  throughout  any  given  range  of  con¬ 
centrations,  it  is  necessary  that  the  cell  depth  be  adjusted 
to  the  colorimetric  system. 
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SCALE  READING 


Figure  3.  Effect  of  Dilution  on  Color 
Intensity 


SCALE  READING 

Figure  4.  Comparison  of  Allsop’s  and  Author’s  Data 


tions.  Using  a  Hilger  absorptiometer  equipped  with  a  4-cm. 
cell  and  a  blue  filter  giving  maximum  transmission  at  470 
millimicrons,  he  measured  the  optical  densities  of  solutions 
containing  varying  amounts  of  hydrogen  peroxide  treated  with 
titanium  sulfate.  For  purposes  of  comparison,  his  data 
are  shown  graphically  in  Figure  4,  together  with  the  results  ob¬ 
tained  by  the  author.  The  difference  in  the  linear  character 
of  the  two  curves  is  obvious. 

The  accuracy  with  which  hydrogen  peroxide  can  be  deter¬ 
mined  with  this  method  is  shown  in  Table  I.  With  the  12.5- 
mm.  cell  it  is  possible  to  determine  hydrogen  peroxide  in 
concentrations  ranging  from  approximately  0.2  to  3.0  mg. 
per  100  ml.  with  an  average  deviation  of  ±0.03  mg.  per  100 
ml. 


Summary  and  Conclusions 

A  rapid  and  accurate  colorimetric  method  for  the  deter¬ 
mination  of  hydrogen  peroxide  is  described.  Beer’s  law  is 
valid  for  measurements  at  380  to  430  millimicrons.  How¬ 
ever,  in  order  to  obtain  conformity  to  Beer’s  law  throughout 
any  given  range  of  concentration,  it  is  necessary  that  the 
cell  depth  be  adjusted  to  the  colorimetric  system.  A  12.5- 
mm.  cell  increases  the  effective  range  of  the  method,  permit¬ 
ting  determination  of  hydrogen  peroxide  concentrations 
ranging  from  approximately  0.2  to  3.0  mg.  per  100  ml.  of 
solution  with  an  average  deviation  of  0.03.  Relatively  dark 
solutions  can  be  diluted  without  invalidating  Beer’s  law. 
For  maximum  color  development  1  volume  of  test  reagent 
per  10  of  solution  is  required. 


Figure  3  shows  the  results  of  tests  made  to  determine 
whether  relatively  dark  solutions  could  be  diluted  and  still  have 
the  resultant  color  system  conform  to  Beer’s  law.  It  is 
obvious  that  this  can  be  done. 

Allsop  (I)  reported  on  a  photoelectric  method  which,  al¬ 
though  similar  in  some  respects  to  the  one  described  herein, 
does  not  give  a  linear  calibration  curve  over  the  entire  concen¬ 
tration  range  nor  does  it  cover  the  same  range  of  concentra- 
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Current  Methods  of  Measuring  Foam 

SYDNEY  ROSS,  Department  of  Chemistry,  Stanford  University,  Calif. 


WHEN  methods  of  foam  measurement  were  previously 
considered,  an  initial  classification  was  based  on 
the  obvious  differences  between  “static”  and  “dynamic” 
methods.  Static  methods  are  those  in  which  measurements 
are  made  after  the  foam  has  been  produced,  with  no  reference 
to  the  manner  of  its  production.  In  dynamic  methods 
measurements  are  made  while  the  foam  is  being  formed, 
usually  by  a  current  of  gas  passing  through  the  liquid. 


Figure  1.  Ross  and  Clark  Static 
Foam  Apparatus 

Method  A,  applicable  to  carbonated  liquids 
Method  B,  applicable  to  uncarbonated  liquids 


It  has  already  been  shown  that  results  obtained  by  the 
various  methods  do  not  necessarily  agree  (5).  It  is  not 
generally  possible,  when  dealing  with  a  property  of  matter 
so  complex  as  the  foaminess  of  a  liquid,  to  make  classifications 
that  can  be  universally  applied.  In  the  present  case  it  is 
recognized  that  static  and  dynamic  methods  represent  only 
an  empirical  distinction  and  that  there  exist  more  funda¬ 
mental  theoretical  considerations  upon  which  a  final  classi¬ 
fication  of  methods  must  be  based.  Meanwhile  the  two  terms 
are  of  value  in  providing  a  method  of  approach  to  the  prob¬ 
lem  of  foam  measurement,  especially  with  a  view  to  unraveling 
the  complex  mass  of  results  and  conclusions  contained  in  the 
literature  on  the  subject. 

It  is  proposed  in  the  present  paper  to  examine  some  of  the 
recently  published  methods  of  both  types,  to  obtain  evidence 
of  whatever  correlations  may  exist,  and  to  establish  if  possible 
a  better  understanding  of  the  factors  involved. 

Static  Methods  Involving  Drainage 

Static  methods  usually  consist  of  forming  a  foam,  in  any 
one  of  a  number  of  possible  ways,  and  observing  the  rate 
at  which  liquid  drains  or  collects  from  it,  beginning  the 
observations  some  time  after  cessation  of  foam  formation. 


It  has  been  discovered  experimentally  that  for  many  foams 
the  rate  of  drainage  of  liquid  obeys  the  equation 

V  =  Foe-*' 

or  In  Vq/V  =  kt 

where  V  =  volume  of  liquid  in  the  foam  after  time  t,  V0  = 
volume  of  liquid  in  the  foam  when  t  =  0,  t  =  time,  and  A;  is  a 
constant  characteristic  of  each  liquid  from  which  the  foam 
is  formed.  This  logarithmic  equation  has  been  found  to  hold 
for  such  diverse  substances  as  beer  (4),  wine  ( 1 ),  saponin  (2), 
Aerosol  OT  (15),  and  lauryl  sulfonic  acid  (15).  It  would 
therefore  appear  to  be  a  general  law  for  the  behavior  of  foams. 
Deviations  are  known  to  exist — e.  g.,  foams  of  egg  albumin 
(5)  but  they  can  be  explained  on  the  basis  of  specific  con¬ 
siderations  for  the  case  in  point. 

Using  this  mathematical  relation,  it  was  possible  to  establish 
a  unit  of  foaminess  for  all  static  foams  (5,  16),  which  can  be 
applied  regardless  of  the  way  in  which  the  foam  is  produced 
and  independently  of  many  empirical  restrictions  of  former 
methods. 

Figure  1  illustrates  the  Ross  and  Clark  static  method  for 
both  carbonated  (method  A)  and  uncarbonated  liquids  (method 
B).  The  foam  is  produced  in  the  former  case  by  pouring  the 
liquid  from  a  height  and  in  the  latter  case  by  bubbling  a  gas 
through  it.  In  both  cases  the  same  value  for  the  foaminess  was 
obtained,  using  the  reciprocal  of  the  constant  of  the  exponential 
equation  as  a  unit  of  foaminess.  A  modification  of  method  B, 
capable  of  greater  accuracy,  is  illustrated  by  Figure  2.  This  is 
the  Stiepel  foam  meter  and  can  be  used  to  measure  not  only  the 
rate  of  drainage  of  the  liquid  but  also  the  volume  of  foam  pro¬ 
duced.  In  this  way  it  can  be  applied  as  a  dynamic  method  (with 
certain  limitations  because  of  the  narrowness  of  the  tube)  as 
well  as  a  static  method. 

Figure  3  represents  the  apparatus  used  by 
Arbuzov  and  Grebenshchikov  (2)  to  measure 
the  foam  stability  of  saponin  solutions.  Ten 
cubic  centimeters  of  the  liquid  are  put  in  the 
buret,  D,  and  go  out  at  an  even  rate,  one  drop 
at  a  time,  onto  the  porous  filter.  The  con¬ 
tainer,  A,  is  connected  to  a  water  pump,  a 
mercury  manometer,  and  an  outlet  valve,  E. 
When  the  solution  passes  through  the  filtering 
medium  it  takes  up  air  from  the  pores  and  a 
foam  is  produced  in  the  cylinder.  As  soon 
as  all  the  solution  has  thus  been  converted 
into  foam,  valve  E  is  opened  and  the  drainage 
of  the  foam  is  allowed  to  proceed  under 
atmospheric  pressure.  The  rate  at  which 
the  liquid  drains  from  the  foam  is  measured, 
using  the  narrow  graduated  tube  at  the 
bottom  of  the  cylinder.  The  apparatus  is 
kept  in  a  thermostat  during  the  whole 
process. 

It  is  considered  undesirable  by  these 
authors  to  observe  the  breakdown  of  a 
foam  while  the  foam  remains  under  the 
influence  of  the  conditions  which  caused 
its  formation.  This  is  really  an  expression 
of  preference  for  a  static  rather  than 
for  a  dynamic  method.  More  significant 
is  the  attention  that  they  draw  to  the 
fact  that,  by  their  method,  the  sur¬ 
face-active  substance  is  equally  distributed 
through  the  whole  mass  of  foam,  because 
liquid  is  turned  into  foam  one  drop  at  a 
time  until  no  more  liquid  remains.  In 
other  methods,  where  the  entire  remain¬ 
ing  body  of  the  liquid  is  present  while 


Figure  2. 
Stiepel 
Foam  Me¬ 
ter 
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the  foam  is  being  formed,  the  liquid  is  continually  depleted 
of  surface-active  agent,  so  that  succeeding  portions  of  the 
foam  are  progressively  different,  yielding  a  nonuniform  foam. 
Hence,  the  method  of  foam  formation  may  influence  the 
experimental  value  of  foam  stability.  However,  it  would 
seem  that  this  is  important  chiefly  in  very  dilute  solutions  of 
surface-active  agents. 


Figure  3.  Static  Foam  Meter  Used 
bt  Arbuzov  and  Grebenshchikov 
(2,  Page  33) 


Arbuzov  and  Grebenshchikov  (2)  found  that  the  ex¬ 
ponential  relation  holds  for  the  later  half  of  the  drainage  of 
the  foam,  and  they  considered  the  reciprocal  of  the  ex¬ 
ponential  constant  to  be  a  satisfactory  unit  of  foam  stability. 

It  would  therefore  appear  that,  with  or  without  the  con¬ 
ditions  mentioned  by  Arbuzov  and  Grebenshchikov  ( 2 ), 
the  exponential  relation  is  commonly  obtained  for  drainage 
of  a  foam;  moreover,  results  are  reproducible  within  very 
wide  experimental  limits.  There  is  little  difficulty  in  cor¬ 
relating  the  results  because  of  the  same  underlying  relation 
for  the  drainage.  In  each  case  the  total  liquid  collected  is 
actually  measured,  and  although  collapse  of  the  films  takes 
place  simultaneously,  it  is  not  measured  as  such  but  finds 
its  place  in  the  effect  that  a  smaller  volume  of  foam  must 
exercise  on  the  rate  of  drainage. 

It  is  immediately  recognized  that  where  the  foam  possesses 
absolute  stability,  drainage  of  liquid  is  a  purely  hydrodynamic 
matter  and  has  no  relation  at  all  to  the  foam  stability.  This 
has  been  pointed  out  by  Ross  and  Miles  (14),  who  suggest 
measuring  the  effect  of  an  arbitrary  standardized  destructive 
mechanism  acting  upon  a  volume  of  foam  during  production 
under  standard  conditions  and  protected  from  adventitious 
destructive  forces.  This  procedure  is  necessary  only  for 
foams  of  such  stability  that  the  films  will  drain  without 
simultaneous  or  immediately  subsequent  collapse. 

Dynamic  Foam  Methods 

The  lack  of  mathematical  relations  to  express  the  opposing 
rates  of  growth  and  decay  of  a  dynamic  foam  makes  the 
task  of  correlating  these  methods  considerably  more  complex 
than  for  static  foam  methods.  In  dynamic  methods  the 


emphasis  is  taken  off  the  question  of  drainage  from  the  foam 
and  focused  only  upon  the  position  of  the  topmost  films. 
The  effects  that  are  actually  measured  are  either  the  rate  of 
rise  of  the  foam  in  the  measuring  cylinder  or  the  mwininm 
constant  volume  of  foam  obtained,  in  both  cases  when  a  gas 
is  passed  continuously  through  a  foam-producing  liquid. 
It  is,  of  course,  impossible  to  prevent  draining  of  the  liquid 
from  the  foam  and  the  consequent  thinning  and  ultimate 
collapse  of  the  liquid  films,  but  only  the  rate  of  collapse  is 
actually  measured  in  dynamic  methods.  The  rate  of  drain¬ 
age,  although  it  is  not  measured  directly,  nevertheless 
operates  in  the  effect  that  a  more  rapid  rate  of  drainage  has 
in  altering  the  rate  of  collapse  of  films. 

This  is  in  direct  contrast  to  the  static  methods  and  the 
two  together  lead  to  the  conclusion  that  the  foam  in  ess  of  a 
liquid,  as  it  is  usually  measured,  is  a  derived  or  subsidiary 
property,  compounded  of  at  least  two  quantities,  drainage 
of  films  and  collapse  of  films,  themselves  dependent  on  more 
fundamental  properties  such  as  viscosity,  density,  surface 
tension,  vapor  pressure,  cohesion,  and  charge. 

In  most  foams,  whether  measured  by  static  or  dynamic 
methods,  it  is  difficult  completely  to  segregate  the  drainage 
from  the  collapse  of  the  films.  Methods  should  be  char¬ 
acterized  by  the  relative  emphasis  given  to  these  two  quan¬ 
tities — that  is,  by  the  specific  property  measured  rather  than 
by  the  manner  of  measurement.  This  is  more  satisfactory 
than  merely  designating  them  as  static  or  dynamic. 

Bikerman  Method 

Bikerman  (3)  “aims  at  establishing  foaminess  as  a  definite 
physical  property  of  a  liquid,  which  must  therefore  be  in¬ 
dependent  of  the  apparatus  used  and  of  the  amount  of  ma¬ 
terial  employed  in  measuring  it” .  The  apparatus  he  employed 
is  a  dynamic  foam  meter,  of  the  kind  recommended  by  Foulk 
and  Miller  (6)  and  by  Lederer  (9),  as  shown  in  Figure  4. 
Gas  is  forced  at  a  measured  rate  through  a  porous  membrane 
and  an  overlying  layer  of  solution,  as  in  most  dynamic 
methods.  The  foam  builds  up  until  a  constant  maximum 
volume  is  reached. 

The  unit  by  which  the  foaminess  is  measured  is  designated 
as  2  and  described  as  “the  average  lifetime  of  a  bubble  in 
the  foam”.  The  derivation  of  2  throws  some  light  on  its 
character. 

When  dynamic  equilibrium  has  been  reached,  the  amount  of 
foam  maintains  its  constant  maximum  volume.  At  any  time 
during  this  equilibrium  the  mass  rate  at  which  gas  is  being 
passed  into  the  liquid  is  equal  to  the  mass  rate  at  which  it  is 
rising  in  the  foam,  and  also  to  the  mass  rate  at  which  it  is  es¬ 
caping  therefrom.  In  a  tube  of  constant  cross  section  linear 
rates  can  be  used  instead  of  mass  rates.  If  the  linear  velocity 
of  the  gas  in  the  foam  is  u  when  a  volume  of  gas,  V,  is  forced 
through  the  membrane  in  t  seconds,  then 

u  =  V/tQ 

where  Q  is  the  cross  section  of  the  measuring  tube.  If  now,  at 
equilibrium,  the  average  maximum  height  of  the  foam  layer  is 
h,  the  expression  h/u  represents  the  time  during  which  any 
arbitrary  volume  of  gas  is  present  in  the  foam.  (The  average 
maximum  foam  height  is  defined  as  the  difference  between  the 
average  maximum  height  attained  by  the  liquid  plus  foam  and 
the  height  of  the  liquid  at  rest.)  It  is  this  period  of  time  that 
is  2  and  the  equation  S  =  h/u  gives  a  precise  definition — namely, 
the  average  lifetime  of  the  gas  in  the  foam.  This  might  better 
be  designated  as  La,  because  it  is  only  in  the  rare  case  where  there 
is  no  coalescence  of  bubbles  within  the  foam  that  L0  becomes 
equal  to  the  average  lifetime  of  a  bubble  in  the  foam.  It  involves 
assumption  and  interpretation  to  take  the  next  step,  which  is 
to  call  L„  the  average  lifetime  of  a  bubble  in  the  foam. 

L„  is  easily  found  experimentally.  The  quantities  measured 
are  the  average  maximum  foam  volume,  v,  and  the  volume  of  gas, 
V,  passed  through  the  membrane  in  time  t.  Then  L„  =  h/u, 
where  h  =  v/Q  and  u  =  V/tQ.  Substitution  leads  to  the  ex¬ 
pression  La  =  vt/V. 
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The  attainment  of  a  con¬ 
stant  volume  of  foam  indi¬ 
cates  equilibrium  between 
building  up  of  the  foam  by 
the  in-going  gas  and  the  de¬ 
struction  of  the  top  of  the 
foam  by  the  collapse  of  the 
topmost  film  or  films.  This 
is  partly  or  often  largely  a 
matter  of  evaporation  or  con¬ 
tamination.  With  liquids  of 
great  foam-forming  capacity 
the  former  process  so  far  out¬ 
weighs  the  latter  that  equilib¬ 
rium,  denoted  by  a  constant 
maximum  foam  volume,  is 
not  practicable. 

It  can  readily  be  seen  that 
the  actual  average  life  of  a 
bubble  even  in  the  foam  can¬ 
not  be  defined  by  La  unless 
there  is  no  coalescence  of 
bubbles  before  they  disappear 
at  the  top  of  the  foam.  In 
actual  practice,  however,  in 
many  cases  a  single  bubble 
present  at  the  top  of  the  foam 
may  have  started  out  as  a 
large  number  of  individual 
bubbles  that  have  united 
somewhere  on  their  upward 
journey  to  the  top.  Here 
La  would  not  represent  a  true 
average  lifetime  of  a  bubble 
in  the  foam. 

Smaller  bubbles  are  more 
stable  than  larger  bubbles. 

Hence  2  has  a  definite  value  for  a  given  liquid  only  for  a  definite 
average  size  of  bubble  and  a  definite  average  amount  of 
coalescence. 

Another  limitation  on  the  meaning  of  2  is  introduced  by  its 
method  of  measurement.  If,  for  illustration,  a  pure  nonfoaming 
liquid  is  considered  and  air  is  passed  through  at  a  measured 
rate,  there  will  be  an  increase  in  the  volume  of  the  sample  due 
to  the  added  volume  of  air  present  in  it  at  any  given  time.  This 
leads  to  a  positive  value  of  h  and  u  and  so  provides  a  numerical 
value  for  the  foaminess  of  a  nonfoaming  liquid.  The  error  thus 
introduced  is  significant  for  poorly  foaming  or  viscous  liquids. 

A  paper  by  Hoffmann  and  Peter  {7 A)  was  not  available  until 
recently.  Hoffmann  and  Peter  used  exactly  the  same  unit 
as  that  originally  proposed  by  Bikerman  (3),  though  without 
any  reference  to  his  previous  work.  They  used  a  capillary 
to  produce  a  homogeneous  foam  of  known  bubble  size.  With 
hydrocarbon  oils  they  observed  only  slight  coalescence  of 
bubbles  in  the  body  of  the  foam.  For  such  foams  it  is  per¬ 
missible  to  interpret  La  as  the  average  lifetime  of  a  bubble, 
although  the  same  reservations  must  be  placed  on  that  inter¬ 
pretation  in  the  general  case  as  have  already  been  mentioned 
for  the  Bikerman  unit.  The  linear  rate  of  increase  of  the 
foam  volume  observed  at  the  beginning  of  the  foam  produc¬ 
tion,  although  used  by  Mischke  {10)  and  by  Ostwald  and 
Mischke  {11)  as  a  measurement  of  foaminess,  is  here  more 
properly  as  a  measurement  of  the  rate  of  air  input. 
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Conditions  for  Defining  Rate  of  Collapse  of  Films 

If  the  rate  of  collapse  of  film,  or  the  foam  stability,  for 
one  and  the  same  liquid  is  to  have  a  definite  and  significant 
numerical  value,  the  following  factors  must  be  taken  into 
account: 

1.  The  size  of  the  bubble,  which  should  be  stated. 

2.  The  age  of  the  solution. 

3.  The  rate  at  which  bubbles  are  formed. 

4.  The  time  taken  for  the  determination,  because  if  the 
time  is  protracted  the  rate  of  film  collapse  becomes  abnormally 
slowed  on  account  of  the  accumulation  of  stabilizing  material 
on  the  remaining  films. 

5.  In  some  cases  carbon  dioxide  or  reactive  gases  should  be 
excluded  from  the  atmosphere  which  is  in  contact  with  the 
foam.  Carbon  dioxide  has  a  pronounced  effect  on  stability 
of  foam  prepared  from  soap  solutions  and  this  perhaps  may  be 
true  of  some  other  surface-active  agents. 

It  has  been  previously  shown  {17)  that  in  addition  to  Nos. 
2  and  3  there  are  two  further  factors  which  in  practice  can 
be  important  in  affecting  the  stability  of  exposed  film  in  an 
insufficiently  enclosed  apparatus.  These  are : 

6.  Temperature  of  the  gas  above  the  foam. 

7.  Partial  vapor  pressure  above  the  foam  for  appreciably 
volatile  solvents  or  solutes,  often  determined  by  the  distance 
from  the  top  of  the  foam  to  the  top  of  the  containing  vessel. 


Effect  of  Size  of  Bubble 

For  a  uniform  film  the  chance  of  breaking  is  proportional 
to  the  exposed  area,  since  breakage  at  one  point  causes  collapse 
of  the  whole  film;  hence,  the  breakage  of  a  bubble  would 
depend  upon  the  area  exposed  to  the  atmosphere  or  to  other 
bubbles.  Likewise,  small  bubbles  are  partly  surrounded  and 
protected  by  the  mass  of  liquid  in  the  Gibbs  angle  between 
them. 

In  general,  therefore,  the  smaller  a  bubble  the  longer  its 
life,  which  may  be  expected  to  be  at  least  in  inverse  pro¬ 
portion  to  the  square  of  the  diameter  of  the  bubble. 


Ostwald  and  Mischke  Method 

Ostwald,  Siehr,  and  Mischke  {10-12)  have  developed  a 
dynamic  foam  meter  in  which  gas  bubbles  of  known  size 
are  passed  into  the  liquid.  For  a  constant  flow  of  gas.  the 
initial  rate  of  rise  of  the  foam  in  the  measuring  cylinder  is 
taken  as  a  measure  of  the  foaming  capacity  of  the  liquid. 
In  experiments  with  gelatin  solutions  between  10  and  0.1 
per  cent  concentration  Mischke  found  that  the  initial  rate 
of  rise  is  the  same  for  all  the  samples  and  is  constant  for  the 
first  3  minutes  of  foaming.  This  strongly  suggests  the 
possibility  that  it  was  characteristic  of  nothing  more  than 
the  rate  at  which  air  was  being  passed  into  the  liquid,  in 
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-  TO  WATER  PUMP 


TO  SINK  — 


Figure  5.  Dynamic  Foam  Meteb  Used  by  Pane  hurst  (13,  Page  497) 


then  closed  and  the  pressure  inside  A  is  re¬ 
duced  to  10  cm.  of  mercury  below  that  of  the 
atmosphere  and  maintained  by  a  constant- 
pressure  device,  D.  When  a  steady  pres¬ 
sure  difference  is  obtained,  air  is  admitted  to 
the  liquid  in  A  through  the  porous  septum, 
F,  by  opening  TV  The  rate  of  intake  of  air 
is  1200  cc.  per  minute  (±15  cc.).  The  time 
required  for  the  advancing  foam  front  to  rise 
to  a  height  of  50  cm.  is  measured  with  a  stop 
watch.  This  value,  d30  seconds,  is  taken  as  an 
inverse  measure  of  the  foaming  power  of  the 
liquid. 

This  method  is  similar  in  principle  to  that 
of  Ostwald  and  Mischke  and  the  objections 
to  that  method  are  also  applicable  to  this 
one.  It  can  be  calculated  from  the  informa¬ 
tion  given  about  the  apparatus  that  the  air 
itself  passing  into  tube  A  would  require  99 
seconds  to  rise  50  cm.  in  the  tube.  (Because 
of  this  fact  one  would  not  expect  to  find  any 
values  of  d50  less  than  99  seconds,  as  it  is 
hard  to  image  any  mechanism  whereby  the 
foam  can  rise  at  a  faster  rate  than  the  rate  at 


accordance  with  the  idea  of  Lederer  ( 8 ,  9)  that  the  volume 
of  foam  produced  from  a  strongly  foaming  solution  is  at 
first  equal  to  the  volume  of  air  passed  in.  Experiments  in 
this  laboratory  with  dilute  solutions  of  Aerosols  have  also 
proved  the  validity  of  this  suggestion.  It  presents  a  formid¬ 
able  objection  to  their  method,  which  is  seen  to  be  inap¬ 
plicable  to  strongly  foaming  solutions. 

The  rate  of  formation  of  bubbles  depends  solely  on  the 
rate  at  which  gas  is  bubbled  through  the  liquid,  itself  deter¬ 
mined  by  the  difference  in  pressure,  diameter  of  inlet  tubes 
or  pore  diameters,  viscosity  of  the  gas  and  liquid,  etc.  Sub¬ 
tracted  from  this  arbitrarily  determined  rate  is  the  rate  of 
collapse  of  films,  the  resulting  rate  being  the  experimentally 
determined  quantity.  The  rate  of  film  collapse  cannot  be 
a  constant  quantity,  as  not  only  must  it  depend  on  the 
amount  of  foam  present,  which  is  increasing  steadily  with 
the  time,  but  also  on  propinquity  (an  isolated  submerged 
bubble  cannot  break,  even  if  infinitely  unstable),  and  drain¬ 
age,  which  is  a  nonlinear  function  of  time  (15).  (Film  col¬ 
lapse  may  indeed  appear  to  be  a  linear  function  of  time  at 
the  outset.  Many  complex  functions  can  be  approximated 
by  a  straight  line  when  near  the 
origin.)  Consequently,  if  both 
kinetic  factors  are  in  simultaneous 


which  the  air  is  being  passed  into  the  liquid. 
Nevertheless,  out  of  the  37  reported  meas¬ 
urements  of  05o  21  have  values  less  than  99  seconds.)  Con¬ 
sequently,  values  of  9 50  in  the  neighborhood  of  99  seconds 
could  not  be  taken  as  characteristic  of  the  foaminess  of  the 
liquid  under  test. 

Schiitz  Method 

The  gas  is  introduced  by  means  of  a  single  capillary,  ending 
underneath  the  surface  of  the  liquid  (17).  The  amount  of 
gas  bubbled  through  the  liquid  is  the  same  in  every  case, 
and  corresponds  to  a  reduction  of  pressure  of  the  gas  from 
18.80  to  15.40  cm.  of  mercury.  The  apparatus  is  shown 
schematically  in  Figure  6 

E  is  a  device  for  obtaining  the  same  initial  pressure  of  the 
gas  and  J  is  a  sintered-glass  filter  to  retain  fine  dust  particles. 
The  tube,  G,  has  at  its  end  a  “thermometer  capillary”  ground 
to  the  shape  shown  in  the  inset  of  Figure  6.  The  period  between 
the  stoppage  of  the  gas  entry  and  the  time  when  half  the  foam- 
covered  surface  of  vessel  F  is  free  from  bubbles,  was  called  the 
“foam  time”,  Tf,  and  used  as  a  measure  of  foaminess.  It  is 
perhaps  an  unfortunate  choice  to  use  dissimilar  quantities  to 
define  the  extremities  of  the  time  period.  To  determine  when 
exactly  half  the  foam  surface  is  gone,  a  wire  circle  of  calculated 


operation  the  experimentally  deter¬ 
mined  rate  of  foam  rise  would  not  be 
constant,  except  possibly  for  a  short 
time  near  the  origin.  It  could  be 
constant  for  a  longer  range  only 
when  film  collapse  is  so  delayed 
that  it  does  not  take  place  to  any 
appreciable  extent  while  the  foam  is 
being  formed. 

Pankhurst  Method 

Pankhurst  (13)  adopted  a  dynamic 
foam  meter,  a  modification  of  that 
made  by  Foulk  and  Miller  (5).  A 
diagrammatic  scheme  of  the  apparatus 
is  given  in  Figure  5. 

The  liquid  under  test  is  admitted  to 
the  large  Pyrex  tube,  A,  through  the 
side  tube,  B.  Tap  Ti  is  then  closed 
and  the  level  of  the  liquid  in  A  is  ad¬ 
justed  to  an  arbitrarily  chosen  zero 
mark  above  the  porous  septum,  F,  by 
means  of  tap  rI\.  Taps  T3  and  Tt  are 


Figure  6.  Apparatus  Used  by  Schutz  to  Measure  Foam  Time  (17,  Page  89) 
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diameter  is  placed  on  the  edge  of  the  vessel,  at  a  fixed  distance 
from  the  eye  of  the  observer  (Figure  7).  In  most  cases  the 
bubbles  break  first  in  the  center,  leaving  the  remainder  grouped 
around  the  wall,  so  that  observation  of  the  half  area,  as  shown  in 
Figure  7,  offers  no  difficulty. 

Although  the  measurement  is  made  after  the  foam  has 
formed,  yet  it  is  the  time  taken  for  collapse  of  films  that  is 
actually  measured,  and  hence  this  method  must  be  grouped 
along  with  those  that  emphasize  a  function  of  collapse  rate, 
as  do  most  methods  that  employ  a  dynamic  foam  meter. 

In  this  method  unusual  care  is  taken  to  make  allowance 
for  the  influence  of  the  variables  that  have  previously  been 
noted  to  affect  the  stability  of  films.  The  solutions  were 
always  of  equal  age,  the  temperature  was  maintained  con¬ 
stant  by  a  water  bath  at  21.4°  C.  (±0.2°),  and  the  distance 
from  the  surface  of  the  liquid  to  the  upper  edge  of  the  vessel 
(a  in  Figure  7)  was  kept  at  a  low  value  (2.5  cm.),  it  having 
been  shown  that  with  higher  values  of  a  the  results  were  not 
reproducible. 


Figure  7.  Device  Used  by 
Schutz  to  Observe  When 
Half-Surface  Area  Is 
Clear  of  Foam  (17,  Page  87) 


As  with  many  of  the  methods  previously  discussed,  this 
one  too  was  inapplicable  to  strongly  foaming  solutions.  For 
solutions  of  saponin  greater  than  0.001  per  cent  the  values  of 
Tf  exceeded  50  minutes  and,  because  of  the  difficulties  of 
keeping  conditions  constant  for  so  long  a  period  of  time, 
reproducible  results  could  not  be  obtained.  This  particular 
method,  however,  would  appear  to  be  abnormal  in  this 
respect,  as  very  much  higher  concentrations  of  saponin  have 
previously  been  measured  by  other  methods  without  undue 
difficulty  (2,  13). 

Two  improvements  on  the  Schutz  method  are  suggested. 
One  of  them  is  to  restrict  the  amount  of  foam  to  a  single 
layer  of  bubbles  on  the  surface,  in  order  to  dispose  of  the 
effect  of  drainage  as  much  as  possible;  and  to  take  this  as 


zero  time.  The  second  improvement  is  the  result  of  the 
observation  that  bubbles  break  first  in  the  center  of  the 
liquid  surface  only  when  there  is  a  wall  around  the  periphery. 
This  variable,  due  to  a  wall  effect,  can  be  eliminated  by 
having  the  liquid  surface  flush  with  the  top  of  the  container, 
when  it  is  observed  that  the  bubbles  will  break  first  at  the 
edges  and  cluster  around  the  center.  The  author  has  found 
this  to  be  a  general  phenomenon,  true  for  both  aqueous 
and  nonaqueous  systems. 

Results  obtained  by  the  Schutz  method  confirm  the  results 
of  Arbuzov  and  Grebenshchikov  (2)  for  the  foaminess  of 
saponin  solutions  as  a  function  of  concentration.  The 
Russian  investigators,  using  a  concentration  range  of  0.2  to 
2.0  per  cent,  found  that  the  foaminess,  measured  by  a  drainage 
method,  could  be  related  to  the  concentration  up  to  1  per  cent 
by  an  expression  similar  to  the  classical  adsorption  isotherm, 

F  =  aCb 

where  F  is  the  foaminess,  C  is  the  concentration,  and  a  and  b 
are  constants.  At  concentrations  greater  than  1  per  cent  the 
foaminess  becomes  practically  constant.  Schutz  established 
the  same  mathematical  relation  for  saponin  solutions  in  the 
concentration  range  10~3  to  10  ~5  per  cent. 

Single  Bubble  Methods 

The  relative  simplicity  of  technique  required  for  the  pro¬ 
duction  and  observation  of  single  isolated  bubbles  floating 
on  a  liquid  surface,  as  well  as  the  fact  that  a  single  bubble 
is  more  amenable  to  a  theoretical  mathematical  treatment 
than  is  a  bulk  foam,  makes  it  likely  that  single  bubble  methods 
are  due  to  receive  a  greater  prominence  than  heretofore. 
Such  a  method  has  already  been  put  to  good  use,  as,  for 
instance,  by  Hardy  (7)  and  by  Talmud  and  Suchowolskaja 
(IS),  to  gain  information  about  the  nature  of  interfaces. 
There  is  no  doubt  that  reproducible  results  can  be  obtained, 
which  have  been  of  value  in  research. 

It  is  known,  and  can  readily  be  demonstrated,  that  several 
bubbles  together  are  more  stable  than  each  separately, 
possibly  on  account  of  the  entrained  liquid  in  the  rounded 
corners  and  edges  between  them,  discussed  by  Gibbs.  Never¬ 
theless,  experimental  results  obtained  by  C.  G.  Lindquist 
and  the  author  in  this  laboratory  indicate  a  correlation  be¬ 
tween  the  results  of  single  bubble  observations  and  some 
foam-measuring  methods  for  certain  nonaqueous  systems. 
A  difference  in  the  order  of  magnitude  of  the  numerical 
result  is  to  be  expected  but  the  same  sequence  of  stabilities 
for  a  series  of  different  samples  can  be  obtained.  A  more 
extensive  report  of  those  experiments  cannot  be  given  at 
the  present  time. 
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Summary 

1.  The  chief  methods,  static  and  dynamic,  currently 
employed  to  measure  foaminess  of  liquids  have  been  examined 
to  ascertain  the  factors  involved,  since  each  measures  a 
somewhat  different  complex  of  properties,  such  as  drainage, 
apart  from  mere  collapse  or  coalescence  of  bubbles. 

2.  For  a  film  of  a  given  stability  the  average  life  of  a 
bubble  is  greater  the  smaller  the  bubble,  increasing  at  least 
in  inverse  proportion  to  the  square  of  the  diameter  of  the 
bubble 

3.  Methods  have  been  suggested  for  examining  the 
stability  of  foams  with  a  minimum  of  complications  through 
other  factors. 
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Baume— Dry  Substance  Tables  for 
Starch  Suspensions 

J.  E.  CLELAND,  E.  E.  FAUSER1,  AND  W.  R.  FETZER,  Union  Starch  and  Refining  Company,  Granite  City,  Ill. 


No  tables  for  Baume-dry  substance  starch 
have  been  published  in  this  country,  al¬ 
though  it  is  a  large  producer  of  starch. 
Such  tables  are  presented  for  cornstarch, 
together  with  a  new  method  for  moisture 
on  starch  suspensions.  The  experimental 
evidence  indicates  that  such  tables  can  be 
constructed  mathematically  if  the  absolute 
density  of  the  specific  starch  is  known. 


FOR  many  years  the  wet-milling  industry  in  this  country 
has  employed  the  hydrometer  for  measuring  the  density 
of  starch  suspensions  or  slurries  in  their  manufacturing  opera¬ 
tions.  Various  companies  have  adopted  dry  substance  tables 
for  these  Baum6  values,  but  no  common  table  exists  for  use 
within  or  without  the  industry  where  starch  is  employed. 

The  use  of  a  hydrometer  for  the  measurement  of  solids  in  a 
suspension  or  slurry  may  seem  strange  to  chemists  who  regard 
it  solely  from  the  standpoint  of  determination  of  density  in 
true  solutions.  Its  success  in  starch  suspensions  is  based  on 
the  relatively  slow  settling  of  the  starch  and  on  the  fact  that 
the  concentration  of  the  starch  suspensions  at  the  hydrometer 
bulb  is  substantially  constant.  An  analyst  familiar  with 
these  properties  acquires  the  technique  readily  and  results  on 
a  common  sample  agree  within  0.1  Be.  or  0.2  per  cent  dry 
substance. 

Tables  have  been  published  for  the  Baume-dry  substance 
relationship  for  potato  starch  suspensions  (4,  5,  6).  Other 
papers  have  been  published  on  the  densities  of  the  various 
starches  (3). 

The  purpose  of  this  paper  is  to  present  such  tables  for  corn¬ 
starch,  known  in  the  trade  as  pearl  starch,  for  the  hydrometer 
in  use  in  this  country — 145  Modulus,  standardized  at  60°  F. 

Experimental 

This  work  is  based  on  methods  previously  published  on  the 
determination  of  the  Baume-dextrose  equivalent-dry  sub¬ 
stance  for  corn  sirup  and  corn  sugar  (1,  3)  which  should  be 


consulted  for  the  basic  experimental  methods,  as  only  the 
departures  from  this  work  are  discussed  here. 


Cornstarch.  The  starch  used  for  these  tables  was  taken  from 
the  final  washing  filter  in  the  factory.  The  cake  from  this  filter 
is  either  dried  to  form  the  pearl  starch  of  commerce  or  suspended 
in  softened  water  for  subsequent  hydrolysis  to  com  sirup  or  corn 
sugar.  A  quantity  of  this  suspension  was  washed  by  decantation 
or  dewatered  on  a  Buchner  funnel,  washed,  and  finally  suspended 
in  distilled  water  to  approximate  the  various  densities  required. 
The  starch  had  a  crude  protein  content  of  0.3  per  cent  on  a  dry 
basis. 

Baume  by  Hydrometer.  The  Baume  readings  were  made 
at  three  temperatures — 60°,  100°,  and  140°  F.  (15.56°,  37.78°, 
and  60°  C.),  the  temperature  of  the  bath  being  maintained  within 
±0.02°  F.  (0.011°  C.).  Approximately  a  gallon  (3.785  liters)  of 
the  sample  was  placed  in  a  glass  bottle  in  the  water  bath  and  the 
suspension  was  maintained  by  a  motor-driven  stirrer  so  adjusted 
that  the  agitation  was  not  vigorous  enough  to  cause  air  to  be 
occluded.  When  the  temperature  of  the  suspension  equalled 
that  of  the  bath,  the  sample  was  quickly  transferred  to  hydrom- 


Table  I.  Baume-Per  Cent  Dry  Substance  Starch 


Baumd 

Corresponding 

Specific 

Gravity 

(Air) 

F  =  1.7770 
60°/60°  F. 

F  =  1.7700 
100°/60°  F. 

F  =  1.753 
140°/60°  F. 

-2.01 

0.9864 

0.00 

-0.71 

0.9951 

... 

6  ’.00 

2.28 

0.00 

1.0000 

0.00 

1.26 

3.52 

1.00 

1.0069 

1.78 

3.03 

5.28 

2.00 

1.0104 

3.55 

4.80 

7.02 

3.00 

1.0211 

5.33 

6.57 

8.78 

4.00 

1.0285 

7.11 

8.34 

10.54 

5.00 

1.0358 

8.89 

10.11 

12.29 

6.00 

1.0433 

10.66 

11.87 

14.04 

7.00 

1 . 0568 

12.44 

13.65 

15.79 

8.00 

1.0585 

14.22 

15.42 

17.55 

9.00 

1.0663 

15.99 

17.19 

19.30 

10.00 

1.0742 

17.77 

18.96 

21.05 

11.00 

1.0822 

19.55 

20.73 

22.81 

12.00 

1.0903 

21.32 

22.50 

24.56 

13.00 

1.0986 

23.10 

24.27 

26.31 

14.00 

1.1071 

24.88 

26.04 

28.08 

15.00 

1.1156 

26.66 

27.81 

29.82 

16.00 

1 . 1242 

28.43 

29.58 

31.57 

17.00 

1 . 1330 

30.21 

31.35 

33.32 

18.00 

1.1419 

31.99 

33.12 

35.08 

19.00 

1.1510 

33.76 

34.89 

36.83 

20.00 

1.1602 

35.54 

36.66 

38.58 

21.00 

1.1696 

37.32 

38.43 

40.34 

22.00 

1.1791 

39.09 

40.20 

42.09 

23.00 

1.1888 

40.87 

41.97 

43.84 

24.00 

1 . 1986 

42.65 

43.74 

45.60 

25.00 

1.2086 

44.43 

45.51 

47.35 

1  Present  address,  Goodyear  Tire  &  Rubber  Co.,  Akron,  Ohio. 
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Table  II.  Corrections  to  Be  Subtracted  from  Assigned 
Specific  Gravity  to  Give  True  Specific  Gravity  in  Vacuum 


Assigned 

Specific 

Gravity  Corrections  to  Be  Subtracted 


Baum4 

(Air) 

60°/60°  F. 

100°/60°  F. 

140°/60°  F. 

-2.01 

0.9864 

0 . 00206 

-0.71 

0.9951 

0.00105 

0.00213 

0.00 

1 . 0000 

0.0000 

0.00111 

0.00216 

5.00 

1.0358 

0.00005 

0.00120 

0.00233 

10.00 

1 . 0742 

0.00012 

0.00130 

0.00233 

15.00 

1.1156 

0.00019 

0.00143 

0.00265 

20.00 

1 . 1602 

0.00025 

0.00154 

0.00281 

25.00 

1.2086 

0.00031 

0.00165 

0.00298 

Table  III.  Temperature  Corrections  to  Be  Added 


Baum6 

100°  to 

60°  F. 

140°  to 

60°  F. 

120°  to 

60°  F. 

120° to 
100°  F. 

0.00 

0.71 

1.98 

1.24 

0.52 

5.00 

0.69 

1.92 

1.20 

0.51 

10.00 

0.67 

1.85 

1.17 

0.49 

15.00 

0.65 

1.78 

1.13 

0.48 

20.00 

0.63 

1.72 

1.09 

0.46 

25.00 

0.61 

1.65 

1.05 

0.44 

eter  cylinders  and  five  4-ounce  (0.12-liter)  screw-top  bottles. 
The  former  were  used  for  the  determination  of  Baume  by  hy¬ 
drometer  and  the  latter  for  determination  of  density  by  pycnom¬ 
eter. 

The  starch  in  the  cylinders  was  kept  in  suspension  by  means  of 
a  long  rod  which  had  a  perforated  disk  at  one  end,  and  by  care¬ 
fully  introducing  and  manipulating  this  agitator,  no  air  was 
carried  into  the  suspension.  The  hydrometer  to  be  used  was 
kept  in  a  cylinder  of  distilled  water  adjacent  to  the  cylinders 
containing  the  starch  suspension,  and  when  the  temperature  of 
the  starch  suspension  was  the  same  as  that  of  the  bath,  the  hy¬ 
drometer  was  removed,  quickly  wiped  free  from  the  film  of  water, 
and  placed  in  the  starch  suspension.  When  the  spindle  was  at 
rest  a  small  drop  of  methylene  blue  solution  (in  water)  was  added 
at  the  stem  to  accentuate  the  meniscus  and  the  reading  made  at 
the  upper  edge  of  the  blue  line  around  the  stem.  Previous  work 
had  indicated  that  the  differences  between  the  reading  of  this 
point  and  the  plane  surface  of  the  liquid  (correct  reading)  was 
0.08°  Be.  Thus  0.08°  Be.  was  added  to  the  observed  reading 
and  this  value  appears  in  all  tabulated  data  for  Baume. 

Density  by  Pycnometer.  Settling  difficulties  presented  a 
problem  in  the  determinations  of  density  by  pycnometer  and 
as  a  result  three  methods  were  used  to  overcome  this  trouble. 
None  is  completely  free  from  criticism,  although  the  latter  two 
are  regarded  as  more  desirable.  The  pycnometers  used  have 
been  described  previously  ( 2 ) . 

a.  The  4-ounce  samples  mentioned  above  were  kept  in  the 
bath  while  the  Baume  was  determined  by  hydrometer.  Then  the 
temperature  was  raised  or  lowered  a  few  degrees,  depending  on 
relationship  of  bath  to  room  temperature,  to  compensate  for  heat 
changes  during  the  transfer  of  the  sample  to  the  pycnometer. 
The  bottle  was  agitated  every  5  minutes,  then  returned  to  the 
bath,  reagitated,  etc.  After  five  such  agitations,  the  sample  was 
transferred  rapidly  to  the  pycnometer,  stoppered,  and  placed  in 
the  bath  which  was  now  set  at  the  desired  temperature.  The 
pycnometers  were  kept  in  the  bath  for  30  minutes,  then  removed 
and  weighed. 

Using  this  method,  difficulty  was  encountered  at  the  higher 
concentrations  in  that  starch  collected  at  the  ground  surfaces. 
The  precision  was  about  0.05°  Be.  and  as  a  result  this  method  was 
discarded  for  the  heavier  Baumes  and  method  b  used  instead. 

The  moisture  on  the  starch  was  determined  on  one  of  the  re¬ 
maining  4-ounce  samples,  as  described  below. 

b.  The  pycnometers  were  filled  about  three-fourths  full  at 
room  temperature,  heated  to  about  130°  F.,  and  boiled  very 
gently  under  high  vacuum  to  remove  occluded  gas.  The  starch 
was  then  allowed  to  settle  and  the  remaining  space  was  filled  with 
cool,  recently  boiled  distilled  water.  The  pycnometer  was 
placed  in  the  water  bath  and  weighed  at  the  end  of  an  hour. 
From  this  weight  it  was  possible  to  calculate  the  specific  gravity 
on  the  basis  of  complete  suspension. 

This  method  eliminated  the  difficulty  of  the  collection  of  starch 
between  seals  and  also  enabled  any  loss  through  the  capillary  of 


the  stoppers  to  be  taken  as  pure  water — i.  e.,  no  solids.  The 
moisture  test  was  made  on  a  separate  bottle  as  before. 

c.  The  pycnometer  was  used  with  an  added  feature  consisting 
of  a  test  tube  with  standard-taper  joint  as  shown  in  Figure  1. 
The  starch  suspension  was  run  into  the  pycnometer  until  it  was 
nearly  full  and  then  allowed  to  settle.  When  the  top  part  of  the 
liquid  was  essentially  clear,  the  stopper  was  inserted  and  the  appa¬ 
ratus  placed  in  the  bath.  After  an  hour  the  pycnometer  was  re¬ 
moved  from  the  bath  and  weighed.  Then  the  stopper  and  outer 
cap  were  removed  and  the  test  tube  was  applied.  The  suspension 
was  shaken  until  uniform  and  a  moisture  determination  made’on 
this  material. 

This  method  eliminated  the  difficulties  of  starch  at  the  seals; 
the  liquid  that  was  lost  through  the  'capillary  was  essentially  pure 
water;  and  settling  was  not  a  dominant  factor,  since  the  moisture 
determination  was  made  on  the  suspension  actually  present  in  the 
pycnometer.  Tests  were  made  to  estimate  the  error  introduced 
by  loss  of  the  film  of  water  left  on  the  stopper  and  cap  which  were 
removed  when  the  test  tube  was  attached  for  resuspending  the 
starch.  This  was  found  to  be  20  to  30  mg.  on  a  95-  to  100-gram 
sample  weight.  This  involves  an  error  of  0.02  to  0.03  per  cent 
and  can  be  neglected  for  all  ordinary  purposes  or  be  compensated 
for  in  work  of  highest  precision. 

Determination  of  Moisture.  The  method  used  is 
basically  the  same  as  that  employed  for  the  determination  of 
moisture  in  corn  sirup  and  corn  sugar  ( 1 )  which  should  be 
consulted  for  details. 

Diatomaceous  Silica,  prepared  Johns-Manville  Hy-Flo  (1,  2). 

Apparatus.  Wide-mouth  Erlenmeyer  flasks,  250-ml.  capacity, 
with  40/12  standard  taper,  with  stoppers.  Pyrex  test  tubes 
100  X  15  mm.  (i). 


Figure  1 


Procedure.  Twenty-five  to  35  grams  of  diatomaceous  silica 
were  run  into  duplicate  flasks,  the  test  tube  was  introduced,  and 
weight  constancy  was  obtained  under  oven  conditions  identical 
with  those  of  the  test.  Weighings  were  made  with  an  empty 
flask  as  a  tare.  The  starch  samples,  either  in  the  4-ounce  bottles 
or  the  pycnometer  equipped  with  test  tube,  were  shaken  until 
homogeneous  suspensions  were  obtained.  Sample  portions, 
sufficiently  large  to  yield  5  to  8  grams  of  dry  substance,  were 
transferred  quickly  to  the  flasks  by  means  of  a  pipet  from  which 
the  tip  had  been  cut.  The  sample  was  then  worked  into  the 
diatomaceous  silica  by  means  of  the  test  tube,  which  yielded  a 
damp  powdery  mass. 

The  flasks  were  placed  in  a  vacuum  oven  at  100°  C.,  and  the 
pressure  was  reduced  first  by  an  efficient  water  pump  until  most 
of  the  water  was  removed  and  then  by  means  of  a  Megavac  pump. 
After  approximately  4  hours  of  drying  the  flasks  were  removed 
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Table  IV.  Baume-Dry  Substance  Starch 


(100°/60°  F„ 

F  =  1.7700, 

10°  hydrometer) 

Specific 

Pounds  Dry 

Gravity 

Dry 

Pounds  per 

Substance 

Baum4 

(Air) 

Substance 

Gallon 

per  Gallon 

0.00 

1 . 0000 

1.26 

8.328 

0.105 

1.00 

1 . 0069 

3.03 

8.386 

0.254 

2.00 

1.0140 

4.80 

8.445 

0.405 

3.00 

1.0211 

6.57 

8.504 

0.559 

4.00 

1.0285 

8.34 

8.565 

0.714 

5.00 

1.0358 

10.11 

8.626 

0.872 

6.00 

1 . 0433 

11.88 

8.689 

1.032 

7.00 

1.0508 

13.65 

8.751 

1.195 

8.00 

1.0585 

15.42 

8.815 

1.359 

9.00 

1.0663 

17.19 

8.880 

1.526 

10.00 

1.0742 

18.96 

8.946 

1.696 

11.00 

1 . 0822 

20.72 

9.013 

1.867 

12.00 

1.0903 

22.50 

9.081 

2.043 

13.00 

1 . 0986 

24.27 

9.150 

2.221 

14.00 

1.1071 

26.04 

9.220 

2.401 

15.00 

1.1156 

27.81 

9.291 

2.584 

16.00 

1.1242 

29.58 

9.362 

2.769 

17.00 

1.1330 

31.34 

9.436 

2.957 

18.00 

1.1419 

33.11 

9.510 

3.148 

19.00 

1.1510 

34.88 

9.586 

3.344 

20.00 

1 . 1602 

36.65 

9.662 

3.541 

21.00 

1.1696 

38.42 

9.741 

3.742 

22.00 

1.1791 

40.19 

9.820 

3.947 

23.00 

1 . 1888 

41.96 

9.900 

4.154 

24.00 

1 . 1986 

43.73 

9.982 

4.365 

25.00 

1.2086 

45.50 

10.065 

4.580 

from  the  oven  and  cooled  and  the  mass  in  the  flasks  was  reworked 
into  a  fine  powder.  The  flasks  were  returned  to  the  oven,  and  a 
pressure  of  less  than  1  mm.  maintained  until  weight  constancy 
was  obtained.  An  overnight  period  has  been  found  adequate. 
Because  of  the  very  hygroscopic  property  of  dry  starch,  an 
efficient  train  (I)  must  be  used  to  introduce  air  into  the  oven  and 
the  flask  stoppers  must  be  inserted  immediately  upon  opening  the 
oven. 

This  method  gave  reproducible  results  within  very  narrow 
tolerance.  Microscopic  examination  of  the  dried  starch 
revealed  no  visible  change  in  the  granules  through  rupture  or 
gelatinization.  Tests  indicated  that  oven  temperatures  could 
be  carried  as  high  as  1 10°  C.  with  no  appreciable  effect  on  the 
results. 

The  method  of  reporting  data  was  the  same  as  that  previ¬ 
ously  used  {2).  The  net  pycnometer  weight  was  corrected 
first  to  vacuum.  In  the  case  of  the  60°/60°  F.  data,  the 
density  (vacuum)  was  obtained  and  the  corresponding  Baume 
value  assigned.  This  procedure  was  changed  for  140°/60°  F. 
and  1 00  °/60 °  F.  data.  After  the  net  pycnometer  weights 
had  been  corrected  to  vacuum,  an  additional  weight  correction 
(glass  expansion  and  hydrometer)  was  added  before  calculat¬ 
ing  the  density  in  order  to  make  these  values  agree  with  the 
corresponding  hydrometer  readings.  The  reason  for  this  has 
been  previously  discussed  (2).  By  this  correction  observed 
Baume  readings  and  Baume  values  obtained  by  pycnometer 
always  agreed  within  0.05°  Be.  and  with  an  average  deviation 
of  0.03°  Be. 

The  Baume-dry  substance  data  were  plotted  in  two  ways: 
Baume  vs.  dry  substance  and  Baume  vs.  factors.  In  both 
cases  the  best  curve  was  a  straight  line,  as  it  should  be  if  the 
slurry  were  a  true  suspension.  The  previously  used  method  of 
factors  was  employed  for  purposes  of  tabulation. 

The  factors  were: 

Factor  for  60°/60°  F.(F60°/60°F.)  =Z^  =  1.7770 

Be. 

Factor  for  100760°  F.  (F100°/60°F.)  =  =  1.7700 

Be.  +  0.  / 1 

Factor  for  140°/60°  F.  (F140°/60°  F.)  =  D'^nio  =  1.753 

r>e.  +  Z.yji 


In  Table  I,  the  Baumes  in  all  cases  are  the  observed  values 
and  the  specific  gravities  (air)  are  those  corresponding  to  the 
Baumes. 

In  the  above  data  the  specific  gravities  at  60760°  F.  in  air 
can  be  converted  to  vacuum  by  the  usual  calculations.  The 
100°/60°  F.  and  the  140°/60°  F.  data  require  not  only  the 
calculation  for  air  to  vacuum  but  also  those  for  glass  expansion 
and  for  hydrometer.  This  has  been  discussed  previously  (2) 
and  an  abridged  table  (Table  II)  is  given  here  for  those  who 
may  desire  to  express  the  data  on  some  other  basis. 

Since  most  Baum4  tests  in  factory  processes  are  not  made 
at  a  fixed  temperature,  a  table  of  temperature  corrections  is 
necessary  (Table  III). 

The  determination  of  each  point  in  the  table  furnished 
enough  data  for  calculation  of  the  density  of  the  actual  starch 
solids.  Hence  a  series  of  independent  starch  density  values 
were  obtained  over  the  range  of  suspension  gravities.  These 
were  observed  to  check  very  closely  in  the  60°/60°  F.  series 
and  to  average  1.636.  Employing  this  value  for  the  Baume  - 
dry  substance  relationship,  a  calculated  table  was  found  to 
check  the  experimental  table  within  the  limits  of  the  experi¬ 
mental  methods  used.  It  would  appear,  therefore,  that  tables 
for  water  suspensions  of  the  whole  gravity  range  could  be  pre¬ 
pared  for  any  starch  from  an  accurate  density  value  of  starch 
solids  determined  at  a  single  point.  Each  temperature,  of 
course,  would  require  a  separate  determination. 

A  table  has  been  prepared  for  general  factory  use  based  on 
100°  F  (Table  IV).  In  this  table  the  Baumes  are  the  observed 
readings,  the  specific  gravities  are  those  in  air  assigned  to  the 
Baum4  values  and  the  weights  per  gallon  are  based  on  these 
specific  gravities. 

Briefly,  the  corrections  (Table  V)  mean  that  when  the 
100°/60°  F.  table  is  used:  for  each  5°  F.  below  100°  F., 
subtract  0.1°  BA  from  the  reading;  for  each  4°  F.  above 
100°  F.,  add  0.1°  Be.  to  the  reading. 


Table  V.  Temperature  Corrections  in  Baume 
(To  be  added  to  or  subtracted  from  observed  Baum6  to  adjust  to  100°  F.) 


Temperature, 

x - 

-Observed 

Baum4 

(10  Hvdrometer)- 

°  F. 

0 

5 

10 

15 

20 

25 

— Subtracted  from  Observed  Baum£ — 

80 

0.40 

0.39 

0.38 

0.37 

0.36 

0.35 

85 

0.31 

0.31 

0.29 

0.29 

0.28 

0.27 

90 

0.21 

0.21 

0.20 

0.20 

0.19 

0.19 

95 

0.11 

0.11 

0.11 

0.10 

0.10 

0.10 

a  j  j _ ]  A_  r\ i _ j 

Tt 

Xi.V4.Vit 

104 

0.09 

0.09 

0.09 

0.08 

0.08 

0.08 

108 

0.19 

0.19 

0.18 

0.17 

0.17 

0.16 

112 

0.30 

0.28 

0.28 

0.27 

0.26 

0.25 

116 

0.41 

0.39 

0.38 

0.37 

0.36 

0.34 

120 

0.52 

0.51 

0.49 

0.48 

0.46 

0.44 

Conclusions 

Experimental  results  indicate  that  tables  for  Baume-dry 
substance  starch  can  be  made  mathematically,  provided  the 
density  of  any  starch  is  known. 

A  procedure  for  drying  starch  slurries  or  suspensions  is 
presented. 

Literature  Cited 

(1)  Cleland,  J.  E.,  and  Fetzer,  W.  R.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

13,  858-60  (1941). 

(2)  Fauser,  E.  E  ,  Cleland,  J.  E.,  Evans,  J.  W.,  and  Fetzer,  W.  R., 

Ibid..  15,  193  (1943). 

(3)  Parow,  Edmund,  Z.  Spiritusind.  (N.  F.),  30,  432  (1907). 

(4)  Saare,  Oscar,  Ibid.  (N.  F.),  7,  550-2  (1884). 

(5)  Sprockhoff,  Ibid.,  52,  238  (1929). 

(6)  Wolff,  O..  Ibid.,  58.  401  (1935). 


Dual  Alternating  Current  Titrometer 

C.  J.  PENTHER  AND  F.  B.  ROLFSON 
Shell  Development  Company,  Emeryville,  Calif. 


An  instrument  is  described  which  com¬ 
prises  two  complete  titration  stands  and  an 
alternating  current-operated  electrometer 
which  allows  the  use  of  any  electrode  sys¬ 
tem  in  aqueous  or  nonaqueous  solutions. 
Meter  scales  and  potentiometer  circuits  are 
provided  which  give  the  instrument  a  range 
of  —1.65  to  +1.65  volts,  readable  to  0.5 
millivolt,  and  with  a  calomel-glass  elec¬ 
trode  system,  a  full  pH  range  readable  to 
0.02  pH  unit.  The  stability  is  excellent  and 
the  grid  current  of  the  order  of  10~12  am¬ 
pere. 

THE  increased  use  of  sturdy  glass  electrodes  and  nonaque¬ 
ous,  high-resistance  titration  media  in  potentiometric 
titrations  has  emphasized  the  need  for  a  versatile  potentiom¬ 
eter,  or  millivoltmeter  (5),  that  will  satisfactorily  measure 
the  potential  between  electrode  terminals  of  a  cell  having  a 
resistance  up  to  5000  megohms.  The  final  step  in  the  de¬ 
velopment  of  an  ideal  laboratory  titrometer- — namely,  the 
elimination  of  batteries  with  their  attendant  replacement 
problem  and  constant  drift — is  the  subject  of  the  present 
paper. 

The  dual  alternating  current  titrometer,  like  the  battery- 
operated  instrument  previously  described,  is  continuously 
indicating  and  employs  a  step  potentiometer  in  combination 
with  the  vacuum  tube  electrometer.  The  use  of  a  continuous 
indicating  meter  not  only  requires  less  manipulation  by  the 
operator,  but  also  enables  him  easily  and  definitely  to  ascer¬ 
tain  when  the  potential  reaches  equilibrium.  The  step 
potentiometer  makes  it  possible  to  meet  the  requirement  of 
wide  range  along  with  high  sensitivity  in  a  single  indicating 
meter. 

Figure  1  is  a  photograph  of  the  instrument  showing  the 
housing  which  contains  the  electrometer  circuit  and  supports 
the  titration  stands. 

Accessory  Equipment 

The  convenient  titration  stand  previously  described  (3)  has 
been  incorporated  to  provide  a  complete  titration  unit  which 
can  be  used  for  routine  as  well  as  special  determinations. 

Electrical  Circuit 

The  electrometer  circuit,  shown  in  Figure  2,  is  of  the  single- 
stage,  balanced-input  type  (3,  7).  Careful  circuit  balance  and 
large  values  of  negative  feedback  have  resulted  in  a  highly  stable 
circuit  which  has  negligible  zero-drift  when  operated  under 
moderate  conditions  of  line  voltage  variation. 

The  input  grid  current  is  of  the  order  of  10“ 12  ampere.  A 
minimum  value  of  grid  current  is  obtained  by  varying  the  plate 
voltage  of  the  electrometer  tubes  so  that  the  grid  voltage-grid 
current  curve  is  shifted  along  the  voltage  axis  until  zero  grid 
current  is  obtained  for  an  input  voltage  of  plus  100  to  150  milli¬ 
volts.  When  this  condition  is  fulfilled  the  maximum  grid  current 
for  both  positive  and  negative  input  voltages  is  approximately 
equal  and  occurs  at  full-scale  deflection.  A  typical  E„-I0  curve 
for  an  average  tube  is  shown  in  Figure  3;  the  grid  current  does 
not  exceed  3.7  X  10" 12  ampere  in  any  part  of  the  range  from 
—  250  to  +250  millivolts. 


The  calibration  of  the  linear  scale  is  within  the  2  per  cent  error 
of  the  meter  used.  Individual  calibration  of  the  scale  would 
materially  increase  the  accuracy  of  the  instrument. 

Two  Type  38  tubes  are  used  as  the  electrometer  tubes.  The 
rectifier  is  a  type  6ZY5G,  and  a  VR105  serves  as  a  voltage  regu¬ 
lator.  Total  power  consumption  is  approximately  10  watts. 
The  vacuum  tubes  may  be  expected  to  have  long  life  with  this 
instrument  because  they  are  all  operated  well  below  their  normal 
ratings.  The  replacement  of  the  rectifier  tube  (6ZY5G)  should 
require  no  circuit  adjustments.  Replacement  of  the  voltage 
regulator  (VR105)  may  require  an  adjustment  of  the  potentiom¬ 
eter  circuit. 

Controls 

There  are  six  panel  controls :  three  switches  and  three  variable 
resistors.  The  switches,  requiring  more  frequent  manipulation 
than  the  resistors,  are  placed  at  the  bottom  of  the  sloping  front 
panel  -where  they  are  convenient  to  reach.  The  12-point  switch, 


Figure  1.  Dual  Alternating  Current  Titrometer 
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S3,  controls  the  potentiometer  circuits  for  both  the  millivolt  and 
pH  ranges.  Switch  St  reverses  the  meter  -and  also  sets  up  the 
circuit  for  the  pH  calibration.  Switch  Si  shorts  the  electrode 
leads  for  zero  adjustment,  and  connects  them  to  a  source  of  250 
millivolts  for  full-scale  adjustment,  and  to  either  the  right-  or 
left-side  electrodes  for  potential  or  pH  measurements.  The 
variable  resistor  controls  are  for  zero  and  full-scale  adjustment 
and  for  compensation  of  variations  in  asymmetry  potential  of 
individual  glass  electrodes. 

In  addition  to  the  three  panel  controls,  there  are  three  controls 
mounted  on  the  chassis  inside  the  cabinet.  One  of  these  is  a 
filament  series  resistor,  FIL.,  for  tube  balance,  another  aids  in 
obtaining  minimum  grid  current  by  adjusting  the  plate  voltage, 
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P.V.,  and  a  third,  STD,  adjusts  the  main  voltage  divider  to 
standard  voltage. 

Power  Supply 

All  the  direct  current  voltages  are  obtained  from  a  voltage 
divider  which  is  maintained  at  constant  potential  by  the  regulator 
tube.  Plus  or  minus  10  volts’  change  in  line  voltage  (115  volts) 
results  in  a  change  in  direct  current  voltage  of  ±0.1  per  cent. 

No  power  switches  are  provided;  the  rheostats  on  the  motors 
have  “off”  positions  against  the  counterclockwise  stop,  and  it  is 
intended  that  the  electrometer  circuit  be  operating  continuously 
where  it  is  in  steady  or  intermittent  use.  The  permanent  tem- 


+  L  -L  -R  +R 


Figure  2.  Wiring  Diagram  of  Titro meter 

M.  Simpson  Model  29,  0-  to  25-milliampere  direct  current  meter 

51.  Centralab  Isolantite  switch  2505 

52.  Centralab  Bakelite  Switch  1417 

53.  Yaxley  switch  32112J 

T.  Specialty  Division,  Gardner  Electrical  Mfg.  Co.,  Emeryville,  Calif.,  transformer  S  3690 
Variable  resistors,  Yaxley  Type  4  MP 

Fixed  resistors,  Type  R,  Precision  Resistor  Co.  W.  W.  1  per  cent  unless  otherwise  noted 
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perature  equilibrium  thus  established  results  in  more  stable 
operation,  and  the  very  low  power  consumption  makes  continuous 
operation  entirely  practical. 

Constructional  Details 

In  order  that  the  instrument  may  function  on  a  high  input 
resistance,  all  connections  to  the  “high”  tube  must  be  exceedingly 
well  insulated.  Switch  Si  should  be  Isolantite-insulated,  the 
spring  contact  for  the  glass  electrode  connection  should  be  sup¬ 
ported  on  Isolantite  or  polystyrene,  and  the  interconnecting  leads 
should  be  of  rigid  bus-bar  suspended  in  air  between  end  terminals. 

The  envelope  of  the  38  electrometer  tube  is  coated  with  ceresin 
wax  to  prevent  surface  leakage.  The  envelopes  are  first  carefully 
cleaned  and  then  immersed  in  the  molten  wax  (approximately 
140°  C.)  until  all  bubbling  stops;  the  grid  cap  must  be  freed  of 
wax  before  the  tube  is  placed  in  service. 

The  instrument  must  be  completely  enclosed  in  a  metal  box, 
with  the  high  input  terminal  located  well  within  the  box.  A 
shielded-lead  type  of  glass  electrode  is  necessary  ( 1 ).  Sheet  iron 
can  be  used  for  all  the  box  except  the  meter  panel,  which  must  be 
of  nonmagnetic  material  because  of  the  shunting  effect  of  steel  on 
the  meter. 

Lubricating  the  wires  and  sliding  contacts  of  all  the  variable 
controls  with  a  good  grease  is  necessary  to  prevent  fluctuations 
caused  by  poor  contact. 

Circuit  Adjustments 

After  the  tubes  are  installed  the  instrument  is  plugged  into 
the  power  outlet  and  allowed  to  reach  temperature  equi¬ 
librium.  As  the  tubes  warm  up,  the  meter  needle  will  swing 
across  the  dial  once  or  twice  and  then  approach  a  zero  reading. 

Zero  Adjustment.  Switch  Si  is  placed  on  ZERO,  the  panel 
knob,  ZERO  ADJ .,  is  set  in  the  center  of  its  travel,  and  the 
chassis-mounted  filament  rheostat,  FIL.,  is  adjusted  until  the 
meter  reads  zero  deflection.  It  may  be  necessary  to  interchange 
the  tubes  (Type  38)  to  complete  this  adjustment.  The  needle 
may  be  adjusted  to  an  exact  zero  reading  by  means  of  the  ZERO 
ADJ.  knob.  Further  zero  adjustments  will  be  required  at 
longer  intervals  until  the  instrument  has  reached  a  temperature 
equilibrium. 

Standard  Adjustment.  One  thousand  millivolts  from  an 
accurate  external  potentiometer  are  applied  to  the  input  leads 
and  switch  S3  is  set  at  1.0  volt.  The  meter  should  indicate  zero 
deflection  and  may  be  adjusted  to  that  value  by  means  of  the 
chassis-mounted  control,  STD. 

Full-Scale  Adjustment.  Switch  Si  is  placed  on  F.S.  and  the 
F.S.  ADJ.  rheostat  varied  until  the  meter  indicates  full  scale. 

Minimum  Grid  Current  Adjustment.  (1)  The  glass  elec¬ 
trode  terminals  are  removed  from  their  sockets. 

2.  Switch  &  is  placed  on  R  or  L,  and  switch  S2  on  REV.,  and 
the  electrometer  circuit  is  then  completely  shielded. 

3.  Potentiometer  P.V.  is  adjusted  so  that  the  meter  needle 
floats  near  mid-scale  (100  to  150  mv.).  This  is  done  by  means  of 
a  screw  driver  inserted  through  holes  provided  in  the  bottom 
plate  of  the  cabinet.  Since  there  is  a  slight  interlocking  of  con- 
trols,  it  is  advisable  to  check  the  full-scale  adjustment.  F.S..  after 
setting  P.V. 


If  e.  m  f.  is  to  be  measured,  no  other  adjustments  are  required 
but  if  a  glass  electrode  system  is  to  be  used  for  pH  readings,  it  will 
be  necessary  to  make  an  adjustment  for  the  asymmetry  potential 
of  the  particular  glass  electrode  used.  To  make  this  adjustment 
switch  <82  is  placed  in  the  pH  position,  and  if  the  usual  pH  7 
6  j  1S  ule-r  ’  ,SWi^?k  in  placed  on  4  pH.  Switch  Si  is  next 
placed  on  L  it  the  left-side  electrodes  are  used,  or  on  R  if  the  right- 
side  electrodes  are  used,  and  the  A.P.  ADJ .  knob  is  varied  until 
the  meter  indicates  3  pH  (a  total  reading  of  7  pH— i.  e  4  pH  on 
the  potentiometer  switch  and  3  pH  on  the  meter).  Only  one 
asymmetry  potential  adjustment  is  provided,  since  potential 
equilibrium  is  ordinarily  reached  so  rapidly  in  aqueous  solutions 
that  there  is  no  advantage  in  making  pH  determination  alter¬ 
nately  in  two  separate  systems. 

When  potential  measurements  are  made,  the  potentiometer 
switch  is  advanced  from  the  zero  position  until  the  meter  needle 
deflects  on  scale.  The  measured  potential  is  then  the  sum  of  the 
potentiometer  setting  plus  the  meter  reading. 

If  the  meter  indication  is  below  zero  when  the  potentiometer  is 
on  zero,  the  reversing  switch,  S2,  must  be  placed  in  its  alternative 
position.  When  this  switch  is  in  the  D  (direct)  position,  the  glass 
electrode  is  negative  that  is,  negative  in  the  usual  sense  as 
applied  to  batteries  and  indicating  electrical  meters. 

Operating  Characteristics 

Because  of  the  electrical  characteristics  of  the  circuit,  the 
meter  may  safely  be  used  to  measure  any  potential  without 
previous  knowledge  of  the  magnitude  or  sign  of  the  potential 
being  measured,  and  without  danger  of  polarization  of  the 
electrode  system. 


Figure  4.  Zero  Stability  Run 


Figure  4  is  a  record  of  a  2-hour  stability  run  made  without 
line  voltage  regulation.  The  maximum  deviation  over  this 
period  is  less  than  ±1.5  millivolts  and  the  momentary  devia¬ 
tions  are  about  ±0.5  millivolt.  In  locations  having  severe 
voltage  fluctuations  a  transformer-type  regulator  will  provide 
a  perfectly  stable  zero. 

Uses 

In  addition  to  all  the  usual  applications  involving  electro¬ 
metric  titrations  using  high-resistance  glass,  silver,  platinum, 
antimony,  and  tungsten  electrodes  with  their  corresponding 
reference  electrodes,  and  for  spot  determinations  of  pH,  the 
instrument  has  been  particularly  useful  in  mercaptan  deter¬ 
minations  (4,  8,  9). 

The  dual  feature  permits  two  titrations  to  progress  simul¬ 
taneously,  which  approximately  doubles  the  work  capacity 
for  lengthy  titrations  in  nonaqueous  media,  such  as  deter¬ 
mination  of  neutralization  number  of  lubricating  oils  ( 1 ). 
Alternatively  two  diverse  electrode  systems  may  be  left 
permanently  set  up,  so  that,  for  example,  both  acidity  and 
sulfur  titrations  may  be  made  without  delay  on  the  single  unit. 

Special  Applications.  The  entire  circuit  has  also  been 
built  into  the  case  of  a  standard  iModel  R,  Leeds  &  Northrup, 
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recorder-controller.  It  has  a  range  of  8  pH  units,  adjustable 
within  the  range  0  to  14  pH. 

The  circuit  has  also  been  successfully  used  for  some  time  in 
a  semiautomatic  titrating  device  ( 6 ) . 
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Colored  Chromatograms  with  Higher  Fatty  Acids 
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THE  higher  fatty  acids,  being  colorless  compounds  of 
similar  chemical  and  physical  properties,  present  diffi¬ 
culties  in  their  chromatographic  separation,  and  such  separa¬ 
tion  by  several  workers  ( 5 ,  6,  7)  has  been  successful  only  to  a 
limited  degree. 

Cassidy  ( 1 ,  2,  8 )  has  made  a  careful  study  of  the  adsorption 
isotherms  for  various  fatty  acids  in  relation  to  their  resolvability 
upon  columns  of  various  adsorbents.  Among  the  obstacles  en¬ 
countered  in  using  chromatographic  columns  has  been  inability  to 
establish  the  location  of  the  zones  which  define  the  separation  of 
the  various  fatty  acids  in  the  mixture.  This  difficulty  has  been 
overcome  in  some  colorless  compounds  (10, 11, 18),  but  none  of  these 
methods  has  been  shown  to  be  applicable  in  the  case  of  fatty 
acids.  Martin  and  Synge  (8)  applied  the  principle  of  producing  a 
color  change  on  an  adsorbent  to  the  chromatographic  separation 
of  the  acetyl  derivatives  of  the  higher  monoamino  acids  but  they 
employed  two  liquid  phases.  Trappe  (12)  observed  that  silica- 
gel  columns  became  transparent  or  translucent  when  wetted  by 
certain  solvents,  and  under  these  conditions  it  was  possible  to 
observe  zones  formed  in  the  study  of  lipid  mixtures. 


this  procedure,  in  that  it  is  readily  soluble  in  the  acidified 
water. 

Reagents 

Magnesium  oxide,  U.  S.  P.  Baker’s  heavy  powder;  phenol- 
sulfonphthalein  (phenol  red),  Eastman  Kodak  Company;  petro¬ 
leum  ether,  Skellysolve  F  having  a  boiling  range  of  about  30°  to 
60°  C.  The  petroleum  ether  was  distilled  before  use. 

Fatty  Acid  Samples 

Stearic  acid,  Eastman  Kodak  Company,  m.  p.  69.8°  C.; 
myristic  acid,  Eastman  Kodak  Company,  m.  p.  54.6°  C.;  oleic 
acid,  Baker’s  U.  S.  P. 

Preparation  of  Impregnated  Magnesium  Oxide 

About  0.5  gram  of  phenol  red  was  dissolved  in  10  to  15  ml.  of 
95  per  cent  alcohol.  A  few  grams  of  magnesium  oxide  were 
added  and  stirred  into  a  paste,  which  was  mixed  thoroughly 


This  paper  describes  a  method  for  separating  mixtures  of 
certain  higher  fatty  acids  into  their  components  with  the  aid 
of  adsorption  columns,  using  an  adsorbent  impregnated  with 
a  dye  to  serve  as  an  indicatoT.  To  be  suitable  for  following 
the  adsorption  of  fatty  acids  on  an  adsorbent,  an  indicator 
must  change  color  on  the  column  when  in  contact  with  the 
fatty  acid,  it  must  be  insoluble  in  both  the  solvent  for  the 
fatty  acid  and  the  eluting  agent  and,  in  addition,  it  must  re¬ 
vert  to  its  original  color  after  elution  of  the  fatty  acid.  Pre¬ 
liminary  experiments  showed  that  phenolsulfonphthalein 
(phenol  red)  as  manufactured  by  the  Eastman  Kodak  Com¬ 
pany  satisfies  the  above  conditions.  Columns  prepared  with 
heavy  magnesium  oxide  impregnated  with  this  indicator 
proved  satisfactory  in  bringing  about  and  observing  a  separa¬ 
tion.  (Good  results  were  obtained  only  when  the  heavy 
magnesium  oxide  manufactured  by  the  J.  T.  Baker  Chemical 
Company  and  the  phenol  red  manufactured  by  the  Eastman 
Kodak  Company  were  used.) 

The  fatty  acids  were  recovered  from  the  adsorbent  by  dis¬ 
solving  the  magnesium  oxide  in  particular  sections  of  the 
column  (4)  in  concentrated  hydrochloric  acid  and  water,  and 
subsequently  extracting  the  fatty  acid  with  diethyl  ether. 
Magnesium  oxide  was  found  to  be  particularly  adaptable  to 


I  ii 


Figure  1.  Absorption  Columns 

I,  Oleic  and  stearic  acids.  II.  Myristio 
and  stearic  acids. 

a.  Cotton  plug.  b.  Perforated  porce¬ 
lain  disk. 

Zone  Length  of  Zone 

I  II 

Mm.  Mm. 

1  35  8 

2  12  7 

3  21  7 

4  125  175 

. - Color - - 

I  II 

1  Yellow  pink  Yellow  pink 

2  Original  pink  Original  pink 

3  Light  pink  Yellow  pink 

4  Original  pink  Original  pink 
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while  the  alcohol  was  being  evaporated  on  an  electric  hot  plate. 
The  resulting  pink  powder  was  dried  in  an  oven  at  100°  C.  The 
dried  powder  was  mixed  with  100  grams  of  magnesium  oxide  and 
the  mixture  was  screened  through  a  200-mesh  sieve.  The  ad¬ 
sorbent  was  then  ready  for  use. 

Procedure 

The  adsorption  column  was  retained  in  a  vertical  cylindrical 
glass  tube  11  to  12  mm.  in  diameter  and  60  to  70  cm.  in  length, 
constricted  at  the  lower  end.  A  plug  of  absorbent  cotton  held  in 
position  by  a  perforated  porcelain  disk  was  tamped  over  the  con¬ 
striction  in  the  glass  tube. 

A  mixture  of  dye-impregnated  magnesium  oxide  and  petroleum 
ether  in  the  form  of  a  slurry  was  poured  rapidly  into  the  tube  and 
the  adsorbent  was  allowed  to  settle  as  the  solvent  percolated  out 
of  the  tube,  forming  a  column  20  to  22  cm.  in  length,  but  the  liquid 
was  never  allowed  to  fall  below  the  surface  of  the  adsorbent. 
The  best  columns  were  obtained  when  the  adsorbent  was  allowed 
to  settle  under  a  layer  of  solvent  for  several  hours. 

The  fatty-acid  mixtures  were  dissolved  in  about  50  ml.  of 
petroleum  ether  and  added  to  the  column.  The  column  was  then 
cautiously  filled  with  petroleum  ether  and  connected  by  means  of 
a  siphon  to  a  reservoir-flask  of  petroleum  ether  at  a  higher  level. 
When  the  fatty-acid  mixture  came  in  contact  with  the  adsorbent, 
a  bright  yellow  band  was  formed  which  separated  into  zones  upon 
development.  The  chromatogram  was  developed  by  allowing 
petroleum  ether  to  percolate  through  the  adsorbent  continuously 
until  clearly  defined  zones  were  obtained.  The  volume  of 
petroleum  ether  used  and  the  rate  of  flow  varied,  depending  on 
the  packing  of  the  column. 

After  formation  of  clearly  defined  zones,  the  column  was  per¬ 
mitted  to  ran  dry,  forced  from  the  tube,  and  then  cut  into  sections 
as  defined  by  the  change  in  the  color  of  the  adsorbent.  The  cuts 
were  made  in  order  best  to  demonstrate  the  separation  of  the  con¬ 
stituents  of  the  mixture.  The  fatty  acids  were  recovered  from 
the  adsorbent  by  dissolving  the  latter  in  hydrochloric  acid  and 
then  extracting  with  diethyl  ether.  The  ethereal  extracts  were 
washed  free  of  indicator  and  acid  by  water  in  a  separatory  funnel 
and  subsequently  dried  over  anhydrous  sodium  sulfate  and 
evaporated  to  dryness  under  a  stream  of  nitrogen.  The  residues 
were  dried  in  a  vacuum  over  phosphorus  pentoxide  to  constant 
weight.  Samples  were  removed  for  iodine  number  ( 9 )  and 
melting  point  determinations. 


Table  I.  Adsorptive  Separation  of  a  Mixture  of  Oleic 
and  Stearic  Acids  (Commercial  Grades) 


Section 


Weight  of 

Fraction  Iodine  No. 


Melting 

Point 


Mg. 


°  C. 


1 

2 

3 

4 


110.2  1.6  68-69 

21.6  72.8 

71.3  91.6 

1.4 


required  14  days.  The  appearance  of  the  column  and  the 
definition  of  the  zones  are  sketched  in  Figure  1  and  the 
analytical  data  are  tabulated  in  Table  II. 

The  fractions  recovered  on  evaporation  of  the  ether  solu¬ 
tions  from  the  different  sections  to  dryness,  without  recrystal¬ 
lization,  gave  successively  lower  melting  points  from  the  top 
to  the  bottom  of  the  column,  indicating  that  a  separation  had 
been  accomplished.  These  fractions  probably  contained 
traces  of  solvent  or  other  accumulated  impurities.  By  re¬ 
crystallization  from  acetone  it  was  possible  to  show  that  the 
acids  recovered  from  section  1  and  section  2  consisted  mainly 
of  stearic  acid  and  myristic  acid,  respectively. 

The  generality  of  the  application  of  this  method  to  chro¬ 
matographic  separation  of  a  mixture  of  fatty  acids  is  indicated 
by  the  fact  that  definite  zones  have  been  obtained  with  other 
mixtures  of  fatty  acids.  In  the  case  of  palmitic  and  stearic 
acids,  where  the  length  of  chain  differs  by  only  two  carbon 
atoms,  zones  were  developed,  but  it  was  difficult  to  establish 
definite  proof  of  a  separation  using  melting  points  as  criteria 
because  of  the  proximity  of  their  melting  points. 


Table  II.  Adsorptive  Separation  of  a  Mixture  of  Myristic 
and  Stearic  Acids  (Commercial  Grades) 


Sections 


1 

2 

3 

4 


Weight  of  Melting 

Fraction  Point 

Mg.  °  C. 


Melting  Point  after 
Reerystallizing 
1st  time  2nd  time 

°  C.  °  C. 


44.7 

56-57 

36.5 

51-52 

31.5 

44-46 

0.8 

68 

54 


Summary 

A  method  has  been  described  for  separating  mixtures  of 
higher  fatty  acids  by  Tswett  adsorption  analysis,  whereby 
separation  into  zones  was  observed  on  a  column  of  heavy 
magnesium  oxide  impregnated  with  a  suitable  indicator. 
The  fatty  acids  were  recovered  by  dissolving  the  magnesium 
oxide  in  particular  sections  of  the  column  in  acid  and  extract¬ 
ing  with  ether.  By  this  procedure  it  was  possible  to  demon¬ 
strate  a  separation  of  an  unsaturated  fatty  acid  from  a  satu¬ 
rated  fatty  acid  of  the  same  number  of  carbon  atoms  and  of 
two  saturated  fatty  acids  differing  in  chain  length  by  four 
carbon  atoms. 


Acknowledgment 


Experimental 

By  means  of  the  above  procedure  it  was  possible  to  demon¬ 
strate  a  separation  of  (I)  an  unsaturated  fatty  acid  from  a 
saturated  fatty  acid  of  the  same  number  of  carbon  atoms  and 
(II)  two  saturated  fatty  acids  differing  in  length  of  chain  by  4 
carbon  atoms. 

In  (I)  a  mixture  of  100  mg.  of  stearic  acid  (Ci8H3602), 
melting  point  69.8°  C.,  and  100  mg.  of  oleic  acid  (CjsHmOz), 
iodine  number  86.4,  was  used.  The  development  of  the 
chromatogram  required  17  days.  The  appearance  of  the 
column  and  the  definition  of  the  zones  are  sketched  in  Figure 
1.  The  analytical  data  shown  in  Table  I  indicate  an  almost 
complete  separation  of  the  fatty  acids  in  the  mixture.  Prac¬ 
tically  all  of  the  stearic  acid  was  retained  in  section  1  and  the 
oleic  acid  had  moved  down  the  column. 

The  fractions  recovered  from  sections  2  and  3  were  pale 
yellow  oils. 

In  (II)  a  mixture  of  50  mg.  of  stearic  acid  (Ci8H3602),  m.  p. 
69.8°  C.,  and  50  mg.  of  myristic  acid  (C1JI28O2),  m.  p. 
54.6°  C.,  was  used.  The  development  of  the  chromatogram 


The  authors  wish  to  thank  H.  R.  R.  Wakeham  for  his  in¬ 
terest  and  cooperation  in  the  course  of  this  work. 

Literature  Cited 

(1)  Cassidy,  H.  G.,  J.  Am.  Chem.  Soc.,  62,  3073  (1940). 

(2)  Ibid.,  63,  2735  (1941). 

(3)  Cassidy,  H.  G.,  and  Wood,  S.  E.,  Ibid.,  63,  2628  (1941). 

(4)  Duschinsky,  R.,  and  Lederer,  E.,  Bull.  soc.  chim.  biol.,  17,  1534 

(1935). 

(5)  Kaufmann,  H.  P.,  Fette  u.  Seifen,  46,  268  (1939). 

(6)  Kondo,  H.,  ./.  Pharm.  Soc.  Japan,  Trans.,  57,  218  (1937). 

(7)  Manunto,  C.,  Helv.  Chim.  Acta,  22,  1156  (1939). 

(8)  Martin,  A.  J.  P.,  and  Synge,  R.  L.  M.,  Biochem.  J.,  35,  1358 

(1941). 

(9)  Rosemund,  K.  W.,  and  Kuhnhenn,  W.,  Z.  Untersuch.  Nahr.  u. 

Genussm.,  46,  154  (1923). 

(10)  Strain,  H.  H.,  “Chromatographic  Adsorption  Analysis”,  New 

York,  Interscience  Publishers,  1942. 

(11)  Strain,  H.  H.,  J.  Am.  Chem.  Soc.,  57,  758  (1935). 

(12)  Trappe,  W.,  Biochem.  Z.,  306,  316  (1940). 

(13)  Zechmeister,  L.,  and  Cholnoky,  L„  “Principles  and  Practice  of 

Chromatography”,  tr.  from  2d  and  enl.  German  ed.  by  A.  L. 
Bacharach  and  F.  A.  Robinson,  London,  Chapman  &  Hall, 
1941. 


Determination  of  Fluorine  in  Organic 
Compounds  with  Cerous  Nitrate 

M.  L.  NICHOLS  AND  J.  S.  OLSEN,  Department  of  Chemistry,  Cornell  University,  Ithaca,  N.  Y. 


THE  increasing  importance  of  organic  fluorine  com¬ 
pounds  makes  a  simple,  reliable  method  for  the  deter¬ 
mination  of  fluorine  in  such  compounds  extremely  desirable. 
Reliable  methods  for  the  determination  of  chlorine,  bromine, 
and  iodine  in  organic  compounds  have  been  available  for 
many  years.  However,  fluorine  differs  considerably  in  its 
chemical  behavior  and  the  usual  halogen  methods  cannot 
be  applied  for  its  determination. 

Halogens  are  generally  determined  in  organic  compounds 
by  decomposition  of  the  compound  and  then  determination 
of  the  halide  ion.  The  fluorine-to-carbon  bond  is  much  more 
stable  than  the  other  halogen-to-carbon  bonds  and  this 
makes  the  problem  of  decomposing  organic  fluorine  com¬ 
pounds,  to  transform  the  fluorine  to  the  fluoride  ion,  some¬ 
what  more  difficult  than  in  the  case  of  the  other  halogen 
compounds. 

In  the  case  of  compounds  of  the  less  stable  type,  where  the 
fluorine  is  on  a  side  chain  or  in  certain  aliphatic  compounds, 
the  decomposition  may  be  accomplished  by  refluxing  with 
metallic  sodium  or  potassium  in  absolute  alcohol  or  any  other 
suitable  inert  solvent.  Drogin  and  Rosanoff  ( 15)  applied  this 
method  for  chlorine,  bromine,  and  iodine,  but  Whearty  (59) 
was  not  very  successful  in  applying  it  to  the  analysis  of  several 
fluorine  compounds.  Vaughn  and  Nieuwland  (57)  used  sodium 
in  liquid  ammonia  or  if  the  compound  was  insoluble  in  liquid 
ammonia,  added  ether.  In  a  few  cases  where  the  carbon  bonded 
to  the  fluorine  is  also  bonded  to  oxygen,  as  with  carbonyl  fluo¬ 
rides,  fluorinated  alcohols,  or  sulfonyl  fluorides,  decomposition 
may  be  accomplished  by  refluxing  with  aqueous  or  alcoholic 
potassium  hydroxide.  This  was  used  by  Morgan  and  Tunstall 
(42)  with  boron  beta-diketone  fluorides. 

Piccard  and  Buffat  (46)  heated  fluorobenzene  in  a  glass  tube 
with  potassium  at  400°  C.  and  obtained  a  rapid  removal  of  the 
fluorine.  Similarly  Simons  and  Block  (58)  and  Elving  and 
Ligett  (17)  decomposed  fluorocarbons  and  other  fluorine  com¬ 
pounds  by  heating  with  sodium  or  potassium  in  an  evacuated 
tube. 

Kimball  and  Tufts  (82)  recommended  thermal  decomposition. 
Although  chlorine,  bromine,  and  iodine  can  be  transformed  to 
free  ions  by  this  method  at  moderately  high  temperatures,  Meyer 
and  Hub  (40)  found  that  fluorine  bonded  to  aromatic  rings 
required  2  hours’  heating  at  1000°  C.  in  a  nickel  or  platinum  bomb 
tube  for  complete  transformation  into  the  fluoride  ion. 

Bockemuller  (9)  considered  the  general  methods  of  decom¬ 
position  and  used  a  combustion  method.  The  fluorine  com¬ 
pound  was  burned  in  an  atmosphere  of  oxygen  at  900°  C.  in  a 
platinum  tube  with  the  exit  end  of  the  tube  packed  with  granular 
calcium  oxide.  Hubbard  and  Henne  (80)  used  a  similar  method 
in  a  silica  tube  packed  with  granular  quartz.  Bigelow  (8) 
modified  the  method  slightly.  The  method  appears  to  be  very 
useful  for  gaseous  compounds  and  very  volatile  liquids,  but  has 
not  been  used  for  stable  solid  substances. 

Another  method  which  appears  to  have  general  application 
is  sodium  peroxide  fusion  using  a  Parr  bomb  (86,  45).  Hahn 
and  Reid  (24),  Bigelow  (8),  and  Locke,  Brode,  and  Henne  (87) 
have  reported  analyses  of  fluorine  by  this  method. 

After  the  fluorine  is  in  the  ionic  state,  it  may  be  determined 
either  gravimetrically  or  volumetrically.  The  gravimetric 
methods  most  generally  used  are  those  of  Berzelius  (7,  9), 
Starck  (55)  and  Hawley  (25),  Pisani  (47),  and  Allen  and  Furman 
(2).  Adolph  (1)  obtained  reliable  results  with  both  the  calcium 
fluoride  method  and  lead  chlorofluoride  method,  which  was  also 
used  by  Elving  and  Ligett  (17),  but  the  thorium  fluoride  method 
of  Pisani  gave  low  results.  The  triphenyl  tin  fluoride  method 
of  Allen  and  Furman  is  somewhat  inconvenient,  since  the  precipi¬ 
tation  is  made  in  boiling  70  to  80  per  cent  alcohol. 

The  most  important  volumetric  methods  are  those  of  Willard 
and  Winter  (60),  Kurtenacker  and  Jurenka  (34),  Batchelder  and 
Meloche  (5),  Gyot  (28),  Greef  (22),  Offerman  (44),  Hempel  and 
Scheffler  (26),  Wagner  and  Ross  (58),  and  Hoffman  and  Lundell 
(28). 


Willard  and  Winter  titrated  with  thorium  nitrate  using  a 
zirconium-alizarin  mixture  as  indicator,  and  Langer  (35)  made 
this  titration  polarographically.  Gyot  and  Greef  titrated 
the  fluorine  with  ferric  chloride,  using  thiocyanate  as  indicator, 
and  Treadwell  and  Kohl  (56)  determined  this  equivalence  point 
potentiometrically.  Hoffman  and  Lundell  precipitated  the 
fluorine  as  lead  chlorofluoride,  filtered,  dissolved  in  nitric  acid, 
and  determined  the  chloride  by  the  Volhard  method. 

Kurtenacker  and  Jurenka  and  Batchelder  and  Meloche 
proposed  the  titration  of  the  fluoride  with  cerous  nitrate.  The 
titration  must  be  started  with  the  solution  about  neutral  and 
at  the  equivalence  point  there  is  a  rapid  change  in  the  pH  which 
can  be  determined  by  using  methyl  red  as  indicator  or  potentio¬ 
metrically  (8).  The  titration  has  also  been  made  with  yttrium 
nitrate  (20). 

The  remaining  methods  depend  upon  the  evolution  of  fluorine 
as  silicon  tetrafluoride,  absorbing  it  in  water  or  alkali,  and 
titrating.  Comprehensive  surveys  of  the  methods  of  determining 
fluorine  are  given  by  Meyer  (89)  and  Hemler  and  Pfening- 
berger  (27). 

Experimental 

The  titration  of  fluorine  with  cerous  nitrate  after  the 
decomposition  of  the  organic  compound  with  sodium  peroxide 
has  the  possibility  of  an  accurate,  rapid,  and  convenient 
method  for  the  determination  of  fluorine  but  has  been  found 
to  give  erratic  results.  Therefore,  this  work  was  undertaken 
to  make  a  systematic  study  of  the  effect  of  the  initial  pH, 
initial  volume,  concentration  of  fluorine,  temperature, 
presence  of  neutral  salts,  and  use  of  alcohol  as  solvent  to 
determine  the  optimum  conditions  and  limitations  of  this 
method. 

Pure  sodium  fluoride  was  prepared  by  evaporating  reagent 
hydrofluoric  acid  in  a  platinum  dish  to  about  three-fourths  its 
volume,  neutralizing  with  sodium  carbonate  solution,  making 
just  acid  with  hydrofluoric  acid,  and  cooling.  The  sodium  fluo¬ 
ride  was  filtered  off  on  a  sintered-glass  funnel,  washed  with  50 
per  cent  alcohol,  dried  at  110°  C.,  and  ignited  to  a  dull  red. 
This  pure  sodium  fluoride  was  analyzed  for  fluorine  by  the  lead 
chlorofluoride  method  (25)  and  three  analyses  gave  results  of 
45.26  ±  0.24  per  cent  fluorine.  A  spectroscopic  examination 
showed  only  a  trace  of  silicon  and  less  than  0.01  per  cent  of 
potassium. 

Pure  cerous  nitrate  was  prepared  by  the  method  of  Smith, 
Sullivan,  and  Frank  (54).  One  thousand  grams  of  40  per  cent 
crude  ceric  oxide  were  added  slowly  to  2  liters  of  hot  concentrated 
nitric  acid  in  a  large  evaporating  dish  on  a  steam  bath.  After 
all  the  oxide  was  added  the  gelatinous  residue  was  filtered  off, 
400  grams  of  ammonium  nitrate  were  added  to  the  clear,  deep 
red  filtrate,  and  the  solution  was  evaporated  slowly.  When  the 
supernatant  liquid  became  light  yellow,  the  crystals  of  ceric 
ammonium  nitrate  were  filtered  off  on  a  sintered-glass  funnel. 
This  salt  was  about  95  per  cent  pure  and  when  ignited  to  the 
oxide  was  dark  brown,  which  is  characteristic  of  ceric  oxide 
contaminated  with  other  rare  earth  oxides  (18).  Five  recrystal¬ 
lizations  from  hot  concentrated  nitric  acid  gave  pure  ceric  am¬ 
monium  nitrate.  The  absorption  spectrum  of  a  0.3  M  solution 
of  this  salt  with  a  glass-prism  Hilger  spectrograph  showed 
that  praseodymium  and  neodymium  were  present  in  less  than 
2  parts  per  thousand  (4, 10,  49,  50). 

The  purified  ceric  ammonium  nitrate  was  dissolved  in  water, 
reduced  with  perhydrol,  and  precipitated  with  oxalic  acid.  The 
cerous  oxalate  was  washed  several  times  by  decantation  with  a 
hot,  saturated  ammonium  oxalate  solution,  filtered,  washed  free 
from  ammonium  oxalate,  and  dissolved  in  nitric  acid.  It  was 
necessary  to  digest  the  solution  on  a  steam  bath  for  some  time 
to  destroy  the  oxalate  completely.  The  cerium  was  again 
precipitated  with  sodium  carbonate  and  the  cerous  carbonate 
filtered  and  washed  thoroughly  with  hot  water.  The  cerous 
carbonate  was  added  to  enough  water  to  form  a  slurry  and 
nitric  acid  added  in  an  amount  not  quite  sufficient  to  dissolve 
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it.  This  is  essential,  as  it  is  impossible  to 
remove  the  nitric  acid  if  an  excess  is  added. 
The  excess  cerous  carbonate  was  filtered  off 
and  the  solution  evaporated  until  it  became 
sirupy.  After  crystallization,  the  cerous  nitrate 
was  removed  by  heating  the  dish  for  a  few 
minutes,  pulverized,  and  stored  in  glass-stoppered 
bottles. 

The  potassium  dichromate  was  prepared 
according  to  Kolthoff  and  Sandell  (38)  and  all 
other  reagents  were  of  reagent  grade  and  used 
without  further  purification. 

Approximately  0.01  N  solutions  of  sodium 
fluoride,  cerous  nitrate,  ferrous  ammonium  sul¬ 
fate,  and  potassium  dichromate  were  prepared. 
The  sodium  fluoride  and  potassium  dichromate 
solutions  were  standardized  by  direct  weighing, 
the  ferrous  ammonium  sulfate  by  titration 
against  dichromate  using  diphenylamine  sulfonic 
acid,  and  the  cerous  nitrate  by  titration  (61) 
against  the  ferrous  ammonium  sulfate,  using 
o-phenanthrolineferrous  ion. 


Batchelder  and  Meloche  (5)  tried  to  carry 
out  the  titration  of  sodium  fluoride  with 
cerous  nitrate  potentiometrically  but  obtained  I— 

unsatisfactory  results  due  to  adsorption  by  '  Figure  1 
the  hydrous  cerous  fluoride.  However,  a  few 
preliminary  experiments  with  the  glass  elec¬ 
trode  showed  that  it  gave  reproducible  results,  and  that 
a  definite  change  in  pH  occurred  at  the  equivalence  point. 


The  glass  electrode  was  of  the  bulb  type,  constructed  from 
Coming  015  glass  tubing,  containing  an  internal  silver-silver 
chloride  electrode  (11,  13,  88)  immersed  in  0.1  N  hydrochloric 
acid.  The  calomel  cell  (11)  was  made  from  12-mm.  Pyrex 
tubing  with  a  fine  Pyrex  sintered-glass  plate  sealed  into  the 
lower  end.  Over  this  was  placed  a  4-cm.  layer  of  agar  to  reduce 
diffusion.  The  cell  proper  was  made  of  o-mm.  soft-glass  tubing 
containing  a  small  hole  for  contact  with  the  outer  potassium 
chloride  solution.  The  assembled  electrode  is  shown  in  Figure 
1.  The  electrometer  used  was  a  Leeds  &  Northrup,  Model 
7660,  single  vacuum  tube  instrument. 


The  results  indicated  that  the  amount  of  fluorine  is  best 
kept  between  1  and  10  mg.  and  that  the  initial  volume  should 
be  10  to  20  ml.  The  theoretical  volumes  are  based  on  in¬ 
dependent  standardization  and  the  assumption  that  CeF3 
is  formed. 

Since  the  organic  compounds  are  to  be  decomposed  with 
sodium  peroxide  and  then  neutralized  with  nitric  acid,  the 
most  important  salt  to  be  considered  for  the  effect  of  neutral 
salts  is  sodium  nitrate.  This  was  determined  by  titrating 
2  mg.  of  fluorine  in  10  ml.  of  water  at  25°  C.  in  the  presence 
of  varying  amounts  of  sodium  nitrate.  The  sodium  nitrate 
effectively  reduced  the  magnitude  of  the  change  in  potential 
at  the  equivalence  point.  A  satisfactory  change  in  potential 
at  the  equivalence  point  and  stoichiometric  results  were 
obtained  up  to  a  concentration  of  1.0  M  in  sodium  nitrate, 
but  at  higher  concentrations  the  volume  of  cerous  nitrate 
used  was  about  1  per  cent  too  small. 


Table  I.  Determination  of  Fluorine 


Cerous 

Cerous 

Cerous 

Nitrate 

Nitrate 

Nitrate 

Added 

E.  m.  f. 

Added 

E.  m.  f. 

Added 

E.  m.  f. 

Ml. 

Ml. 

Ml. 

0.00 

0 . 3620 

0.00 

0.3600 

0.00 

0 . 3550 

1.00 

0 . 3000 

3.00 

0.2980 

4.00 

0.2960 

2.00 

0 . 2740 

6.00 

0.2360 

8.00 

0.2760 

3.00 

0 . 2250 

6.20 

0.2190 

12.00 

0 . 2250 

3.10 

0.2120 

6.30 

0 . 2060 

12.50 

0 . 2040 

3.15 

0.2040 

6.35 

0 . 2000 

12.60 

0. 1960 

3.19 

0.1910 

6.40 

0.1880 

12.70 

0.1860 

3.23 

0.1780 

6.44 

0.1800 

12.80 

0.1730 

3.28 

0.1720 

12.90 

0.1660 

Fluorine  present, 

mg. 

2.0 

4.00 

8.00 

Cerous  nitrate 

used,  ml. 

3.18  ±  0.02 

6. 

37  ±  0.03 

12 

.75  0 . 05 

Cerous  nitrate. 

theoretical,  ml. 

3.17 

6 . 35 

12.70 

pH  at  equivalence 

point 

5.10 

5.19 

5.02 

Since  the  glass  electrode  is  subject  to  sodium-ion  errors, 
some  means  of  estimating  or  compensating  for  them  was 
necessary.  The  original  data  of  Dole  (11,  12)  and  Jordan 
(31)  on  these  errors  were  examined  and  by  changing  the 
constants  in  Jordan’s  equation  to  fit  the  data  of  Dole  and 
Weiner  (14)  an  empirical  equation  was  found  from  which 
these  errors  could  be  calculated  at  sodium-ion  concentrations 
of  0.1,  1.0,  and  3.5  M.  Using  this  equation,  log  A  E  —  0.54 
pH'  +  0.60  (log  concentration  Na+)  -  4.35,  the  agreement 
between  calculated  and  experimental  data  was  good  and 
showed  that  this  error  did  not  exceed  3  millivolts  up  to  a  pH  of 
9.0  and  a  sodium-ion  concentration  of  1.0  M  at  25°  C.  The 
sodium-ion  errors  are  greatly  affected  by  change  in  temperature 
(21 ,48).  The  glass  electrode  was  also  calibrated  and  checked 
daily  against  buffer  solutions  at  25°  C.  to  correct  for  asym¬ 
metry  potential. 

A  study  of  the  effect  of  the  initial  pH  upon  this  titration 
showed  that  consistent  results  were  obtained  only  when  the 
initial  pH  was  between  7.0  and  9.0.  Under  these  conditions 
the  calculated  and  theoretical  volumes  of  cerous  nitrate 
agreed  within  4  parts  per  thousand. 

A  determination  of  the  effect  of  the  initial  volume  and  the 
amounts  of  fluorine  that  can  be  determined  was  made  by 
titrating  solutions  containing  1,  2,  4,  8,  16,  and  30  mg.  of 
fluorine  with  0.01  M  cerous  nitrate  at  various  dilutions. 
The  solutions  were  always  adjusted  to  a  pH  of  8  and  dilutions 
giving  a  change  of  less  than  7  millivolts  at  the  equivalence 
point  were  not  considered.  The  results  for  the  titration 
of  2,  4,  and  8  mg.  of  fluorine  in  10  ml.  are  given  in  Table  I 
and  Figure  2.  These  data  are  the  average  of  three  titrations. 


Sodium  chloride,  bromide,  and  iodide  showed  the  same 
effect  but,  in  general,  the  amount  of  these  salts  introduced 
from  the  organic  compounds  will  be  small  and  their  con¬ 
tribution  to  the  total  salt  concentration  can  be  neglected. 
Sulfates  interfered  badly  and  must  be  absent.  The  presence 
of  2  mg.  of  sodium  sulfate  in  10  ml.  made  it  impossible  to 
detect  the  equivalence  point.  Perchlorates  interfered  seri¬ 
ously  when  there  was  more  than  0.04  gram  of  sodium  per¬ 
chlorate  in  10  ml.  The  presence  of  perchlorates  did  not  elimi- 
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nate  the  potential  change  at  the  equivalence  point  but 
displaced  it  so  as  to  give  high  results.  Carbonates  inter¬ 
fered,  giving  high  results  due  to  the  precipitation  of  the 
cerous  ion,  but  can  be  removed  by  careful  neutralization  and 
boiling.  Any  other  ion  which  acts  as  a  buffer  or  precipitates 
either  fluoride  or  cerous  ion  will  also  cause  trouble,  but  the 
above  ions  are  the  only  ones  which  will  ordinarily  be 
encountered. 

Kurtenacker  and  Jurenka  (34)  recommended  that  the 
titration  be  made  at  80°  C.  The  effect  of  temperature  was 
examined  by  comparing  the  titration  of  like  amounts  of 
fluorine  at  25°  and  90°  C.  The  change  in  e.  m.  f.  at  the 
equivalence  point  at  the  higher  temperature  was  about 
twice  that  at  25°  C.  and  the  equilibrium  was  established 
much  more  rapidly,  but  the  volume  of  cerous  nitrate  used 
was  about  1  per  cent  too  large.  While  the  titration  gave 
good  results  with  pure  solutions,  the  presence  of  neutral  salts 
presented  a  serious  interference,  especially  with  visual 
titrations.  However,  this  effect  was  lessened  by  titration 
in  hot  solution. 

If  50  per  cent  ethyl  alcohol  was  used  as  the  solvent  and 
the  titration  made  at  90°  C.  the  change  in  pH  at  the  equiva¬ 
lence  point  was  increased  again  to  a  surprising  degree  and 
equilibrium  was  quickly  established.  This  was  shown  by 
two  titrations  of  1.5  mg.  of  fluorine  in  the  presence  of  1.7 
grams  of  sodium  nitrate  at  90°  C.  in  20  ml.  of  water  and  in 
20  ml.  of  50  per  cent  alcohol.  Both  solutions  were  adjusted 
initially  to  a  faint  pink  color  with  phenolphthalein.  The 
change  in  e.  m.  f.  at  the  equivalence  point  with  alcohol  was 
twice  that  with  water,  but  the  volume  of  cerous  nitrate 
used  was  5  per  cent  higher  than  the  theoretical  volume  with 
water.  No  satisfactory  means  exists  of  correlating  the 
e.  m.  f.  of  the  glass  electrode  with  the  absolute  pH  in  non- 
aqueous  solvents  but  it  can  be  used  to  follow  changes  in 
pH,  as  has  been  shown  by  Schicktanz  and  Etienne  (51)  and 
Evans  and  Davenport  (19).  These  titrations  indicated  that, 
if  a  compensation  is  made  for  the  nontheoretical  relationship 
by  standardizing  the  cerous  nitrate  solution  under  the 
same  conditions,  the  addition  of  ethyl  alcohol  is  desirable 
whenever  appreciable  amounts  of  sodium  nitrate  are  present. 

Decomposition  of  Compound 

An  attempt  to  devise  a  general  method  for  the  decom¬ 
position  of  stable,  solid,  organic  fluorine  compounds  on  the 
combustion  method  of  Hubbard  and  Henne  (SO)  was  un¬ 
successful.  The  results  obtained  were  invariably  low. 

Although  no  single  comprehensive  investigation  has  been 
made  to  test  the  general  applicability  of  the  Parr  bomb 
fusion  for  the  decomposition  of  organic  fluorine  compounds, 
the  work  of  Hahn  and  Reid  (24),  Bigelow  (8),  Locke,  Brode, 
and  Henne  (37),  and  Miller  (41)  on  individual  compounds 
indicated  that  it  might  be  suitable.  Elek  and  Hill  (16) 
and  Beamish  (6)  used  this  method  for  the  other  halogens, 
but  their  procedure  failed  to  give  complete  combustion  of 
25  to  50  mg.  of  fluorine  compounds.  The  following  procedure, 
however,  was  found  to  give  satisfactory  results. 

About  20  to  50  mg.  of  the  compound,  representing  at  least 
5  mg.  of  fluorine,  were  taken.  Solid  compounds  must  be  finely 
ground  and  can  be  weighed  in  small  weighing  tubes  (43).  Liquids 
or  low-melting  solids  can  be  handled  most  conveniently  in  the 
small,  No.  1,  gelatin  capsules  of  Parke,  Davis  and  Co.  The 
charge  was  made  up  of  3  grams  of  sodium  peroxide,  100  mg. 
of  sugar,  and  300  mg.  of  potassium  nitrate,  finely  ground,  thor¬ 
oughly  mixed,  and  stored  in  a  glass-stoppered  vial.  When 
solids  were  analyzed  the  weighed,  finely  ground  sample  was 
placed  in  the  nickel  microbomb  cup,  one-half  the  charge  added, 
thoroughly  mixed,  and  the  rest  of  the  charge  added.  With 
liquids,  a  small  amount  of  the  charge  was  placed  in  the  bomb, 
and  the  closed  capsule  containing  the  liquid  was  seated  in  the 


center  of  the  charge,  pressed  to  the  bottom  of  the  cup,  and 
then  covered  completely  with  the  peroxide  charge.  Normally 
the  complete  charge  was  not  used,  but  the  cup  should  be  filled 
to  within  about  0.3  cm.  (0.125  inch)  of  the  top.  The  lid  was 
clamped  firmly  in  position,  the  bottom  of  the  bomb  was  held 
in  a  strong  Bunsen  flame,  and  after  a  disturbance  was  felt  the 
bomb  was  cooled  with  tap  water.  If  no  disturbance  was  felt 
the  bomb  was  heated  about  20  to  30  seconds  before  cooling. 
With  the  semimicrobomb  a  sample  of  100  to  150  mg.  was  used 
with  a  charge  of  8  to  9  grams  of  sodium  peroxide  and  300  mg. 
of  sugar.  The  bomb  was  heated  over  a  strong  Bunsen  flame 
or  Fisher  burner  until  the  water  in  the  cooling  ring  evaporated. 

After  the  bomb  was  cooled  and  rinsed,  the  contents  were 
dissolved  in  a  small  amount  of  water  in  a  125-ml.  Erlenmeyer 
flask  and  the  solution  was  boiled  to  destroy  the  peroxide.  A 
slight  residue  of  carbon  apparently  does  not  affect  the  accuracy 
of  the  determination.  The  solution  was  adjusted  to  the  pale 
pink  color  of  cresol  red  with  strong  nitric  acid  and  sodium 
hydroxide  and  heated,  until  the  color  no  longer  changed  on 
boiling,  to  remove  the  carbon  dioxide. 


Practically  all  the  nickel  precipitated  during  this  process. 
The  nickel  precipitate  was  filtered  off  and  washed  thoroughly,  the 
filtrate  was  adjusted  to  a  volume  of  20  to  30  ml.,  and  the  neutral¬ 
ization  was  completed  with  0.1  N  nitric  acid.  During  this 
neutralization  the  solution  should  be  alternately  adjusted  to  a 
faint  pink  color  and  boiled  until  3  to  4  drops  of  the  nitric  acid 
change  the  color  to  a  clear  yellow  and  the  color  remains  unchanged 
after  2  minutes’  gentle  boiling.  The  solution  was  cooled  and 
transferred  directly  to  a  50-ml.  measuring  flask,  if  no  more 
nickel  had  precipitated;  otherwise  it  was  filtered  again,  as 
the  titration  fails  in  the  presence  of  any  nickel  precipitate.  The 
solution  was  diluted  to  50-ml.  and  10-ml.  aliquot  portions  were 
taken  for  the  titration. 

Attempts  to  carry  out  the  decomposition  by  the  above 
procedure  in  a  steel  semimicrobomb  were  unsuccessful,  as 
the  iron  was  not  removed  completely.  Some  further  modi¬ 
fication,  which  will  completely  remove  the  iron,  is  necessary 
before  this  procedure  can  be  used  with  a  steel  bomb. 

The  fluoride  ion  may  now  be  titrated  either  electrometri- 
cally  or  visually. 

Electrometric  Titration 

The  10-ml.  portion  of  the  neutralized  solution  of  fluoride, 
containing  between  1  and  6  mg.  of  fluorine  so  as  to  be  able 
to  titrate  with  a  10-ml.  buret,  was  placed  in  a  50-ml.  beaker. 
The  concentration  of  sodium  nitrate  should  not  exceed  2  M. 
Ten  milliliters  of  alcohol  were  added  and  the  beaker  was  placed 
on  a  small  electric  hot  plate  clamped  to  a  ring  stand.  A  small 
electric  glass  stirrer  and  the  electrodes  were  introduced  into  the 
solution.  While  the  solution  was  heating,  one  drop  of  phenol¬ 
phthalein  was  added  and  the  solution  was  adjusted  with  0.001  N 
sodium  hydroxide  and  nitric  acid  to  a  faint  pink  color.  After 
the  solution  began  to  boil,  the  hot  plate  was  adjusted  to  low 
heat  and  the  pH  of  the  solution  readjusted  if  necessary.  When 
the  initial  e.  m.  f.  had  become  steady  the  fluorine  was  titrated 
with  0.01  N  cerous  nitrate  until  the  maximum  change  in  e.  m.  f. 
per  unit  volume  of  cerous  nitrate  was  obtained. 
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Table  II.  Analysis  of  Organic  Fluorine  Compounds 

Visual  Electrometric 

Titration  Titration 

Fluorine  No.  of  Fluorine  No.  of  Fluorine 

Compound 

Theoretical 

% 

detns. 

found 

% 

detns. 

found 

% 

4,4-Difluorodiphenyl 

20.00 

4 

19.9  ±0.2 

1 

19.7 

Fluorobenzoic  acid 

13.57 

2 

13.75  ±  0.05 

1 

13.6 

Fluorobenzene 

2,5-Dichloro-l-fluoro- 

19.80 

2 

19.6  ±0.1 

1 

19.6 

benzene 

Octachlorodifluoro- 

10.62 

2 

10.85  ±  0.05 

2 

10.7  ±  0.1 

butane 

Tetrachlorodifluoro- 

10.27 

1 

10.3 

2 

10.1  ±  0.0 

ethane 

Trichlorotrifluoro- 

18.62 

2 

18.65  ±0.05 

2 

18.7  ±  0.1 

ethane  (Freon) 

30.30 

2 

30.0  ±0.0 

2 

30.2  ±  0.0 

Benzotrifluoride 

39.03 

1 

39.1 

2 

39.1  ±0.1 

Nitrobenzotrifluoride 

29.80 

2 

29.9  ±0.1 

3 

29.6  ±0.1 

Visual  Titration 

The  titration  of  pure  sodium  fluoride  with  cerous  nitrate 
using  methyl  red  gives  little  trouble  when  the  solution  is 
kept  near  the  boiling  point.  However,  the  presence  of  neutral 
salts  such  as  sodium  nitrate  in  1  molar  concentration  in  aqueous 
solution  makes  the  equivalence  point  very  difficult  to  detect 
and  renders  the  titration  practically  useless.  Under  the 
same  conditions  as  used  for  the  electrometric  titration  the 
visual  titration  with  methyl  red  gave  satisfactory  results. 

For  this  titration,  0.1  N  and  0.001  N  solutions  of  both  nitric 
acid  and  carbonate-free  sodium  hydroxide,  a  special  titration 
flask,  a  flashed  opal  screen  with  a  daylight  light  bulb,  a  saturated 
solution  of  methyl  red  in  ethyl  alcohol,  a  0.02  per  cent  solution 
of  cresol  red,  and  a  0.04  per  cent  solution  of  bromocresol  green 
are  required. 

The  titration  flask  (Figure  3),  suggested  and  designed  by 
W.  T.  Miller,  is  made  of  two  200-ml.  round-bottomed  Pyrex 
flasks,  connected  with  a  short  curved  tube  which  allows  the 
solution  to  be  poured  back  and  forth  between  the  two  flasks. 
The  complete  titration  must  be  carried  out  in  front  of  the  flashed 
opal  screen,  as  the  color  changes  of  the  indicators  are  too  delicate 
to  be  observed  clearly  in  ordinary  light. 

A  10-ml.  aliquot  portion  of  the  neutral  fluoride  solution  was 
placed  in  one  side  of  the  double  flask  and  10  ml.  of  95  per  cent 
alcohol  were  added.  Three  drops  of  cresol  red  were  added,  and 
the  solution  was  adjusted  to  a  definite  pink  color,  and  then 
brought  to  a  gentle  boil.  The  solution  was  then  made  acid 
with  1  or  2  drops  of  0.1  A"  nitric  acid  in  excess  and  the  solution 
was  boiled  gently  for  2  minutes,  to  remove  all  carbon  dioxide. 
If  the  solution  remains  clear  yellow  during  this  period,  the 
carbonate  has  been  removed.  The  solution  was  then  adjusted 
to  a  very  faint  pink  color  with  the  0.001  N  solutions  of  acid  and 
base.  The  solution  should  be  poured  freely  from  one  side  of 
the  double  flask  to  the  other,  so  that  it  remains  constant  in 
composition. 

Two  drops  of  the  saturated  methyl  red  and  one  drop  of  bromo¬ 
cresol  green  were  added.  This  mixed  indicator  was  recom¬ 
mended  by  Hubbard  and  Henne  (SO).  The  initial  color  of  the 
solution  should  be  a  clear  green.  The  solution  was  now  titrated 
drop  by  drop,  being  boiled  and  agitated  at  frequent  intervals. 
When  the  color  became  a  light  orange,  the  solution  was  divided 
evenly  between  the  two  flasks  and  one  more  drop  of  cerous 
nitrate  added  to  one  portion  of  the  solution.  The  color  difference 
between  the  two  halves  was  noted.  The  two  portions  were 
reunited,  poured  back  and  forth  several  times,  brought  to  a 
boil,  and  divided  equally  again.  Another  drop  of  cerous  nitrate 
was  added  and  the  difference  in  color  again  noted.  This  pro¬ 
cedure  was  repeated  until  a  maximum  color  difference  was 
observed. 

The  results  in  the  previous  sections  confirm  those  of 
Kurtenacker  and  Jurenka  that  when  fluoride,  in  hot  50  per 
cent  alcohol  and  in  the  presence  of  sodium  nitrate,  is  titrated 
with  cerous  nitrate  either  with  a  glass  electrode  or  with  an 
indicator,  the  result  is  not  the  stoichiometric  relationship 
found  in  pure  aqueous  solution.  Therefore,  the  cerous 
nitrate  solution  must  be  standardized  against  a  known 
amount  of  sodium  fluoride  under  the  same  conditions  of 
concentration  of  sodium  nitrate,  temperature,  and  solvent. 


The  potassium  nitrate  in  the  fusion  mixture  and  any  halogen 
contained  in  the  organic  compound  may  be  neglected  with 
regard  to  their  contribution  to  the  total  salt  concentration. 

Using  the  above  outlined  procedure  nine  organic  fluorine 
compounds  were  analyzed.  The  results  obtained  are  given 
in  Table  II  and  in  many  cases  are  the  average  of  several 
analyses  on  varying  weights  of  samples. 

Since  the  fluoride  ion  cannot  be  titrated  with  cerous 
nitrate  in  the  presence  of  the  sulfate  ion,  attempts  were 
made  to  modify  the  proposed  procedure  to  secure  a  separation. 
The  distillation  from  perchloric  acid,  as  advocated  by  Willard 
and  Winter  (60),  was  tried  with  p-methylbenzenesulfonyl- 
fluoride  after  decomposition  in  a  microbomb,  but  low  results 
were  always  obtained.  Evidently  the  presence  of  a  large 
amount  of  sodium  perchlorate  makes  the  quantitative  re¬ 
covery  of  fluorine  impossible.  Others  have  reported  this 
same  difficulty  with  natural  waters  when  the  salt  concentra¬ 
tion  was  appreciable.  However,  Scott  and  Henne  (52) 
claimed  a  successful  distillation  from  biological  material 
ashed  with  calcium  oxide. 

Attempts  to  separate  the  sulfate  ion  by  precipitation  as 
barium  sulfate  always  gave  low  results,  probably  because  of 
the  precipitation  of  barium  fluoride  in  the  50  per  cent  alcohol 
solutions.  Hoskins  and  Ferris  (29)  reported  the  same  diffi¬ 
culty  in  the  titration  of  fluorine  with  thorium  nitrate  in  the 
presence  of  the  barium  ion. 

The  best  method,  at  present,  for  determining  fluorine  in 
the  presence  of  sulfate  appears  to  be  that  of  Starck  (55) 
and  Hawley  (25)  with  the  titration  by  the  Volhard  method 
(28).  An  analysis  of  p-methylbenzenesulfonylfluoride  by 
this  method  gave  11.2  ±  0.1  per  cent  fluorine. 

Two  different  explanations  have  been  offered  for  the 
observed  color  change  of  methyl  red  in  this  titration.  Kur¬ 
tenacker  and  Jurenka  (34)  stated  that  this  is  due  to  a  change 
in  pH  at  the  equivalence  point  caused  by  the  hydrolysis  of 
the  excess  cerous  nitrate.  Batchelder  and  Meloche  (5) 
think  that  the  methyl  red  behaves  as  an  adsorption  indicator. 
During  the  titration  there  is  a  definite  flocculation  of  the 
gelatinous  cerous  fluoride  precipitate  and  these  experiments 
have  shown  that  a  clearly  defined  change  in  pH  occurs  at 
the  equivalence  point.  However,  the  pH  change  obtained 
is  somewhat  greater  than  can  be  accounted  for  on  the  basis 
of  hydrolysis,  even  assuming  that  the  cerous  ion  undoubtedly 
exists  as  a  coordination  complex.  Moreover,  considering 
the  effects  of  alcohol  and  temperature,  it  is  evident  that  a 
rather  complex  condition  exists  and  neither  of  the  above 
explanations  is  entirely  adequate. 

Summary 

The  effects  of  the  initial  pH,  initial  volume,  temperature, 
and  the  presence  of  alcohol  and  several  neutral  salts,  es¬ 
pecially  sodium  nitrate,  on  the  titration  of  fluoride  ion  with 
cerous  nitrate  have  been  studied. 

The  equivalence  point  of  the  titration  can  be  determined 
either  electrometrically  with  a  glass  electrode  or  visually 
with  methyl  red  as  indicator.  This  titration  in  general  is 
capable  of  yielding  results  with  an  accuracy  of  ±  1  per  cent. 
The  electrometric  determination  is  superior  and  should  be 
employed  where  the  highest  possible  accuracy  is  desired. 
However,  when  little  or  no  neutral  sodium  salts  are  present, 
the  visual  titration  is  satisfactory  and  yields  results  which 
compare  favorably  with  the  electrometric  determination. 

The  determination  of  fluorine,  in  both  aliphatic  and 
aromatic  compounds,  based  on  the  decomposition  of  the 
compound  by  the  sodium  peroxide  fusion  in  a  nickel  Parr 
microbomb  and  titration  with  0.01  N  cerous  nitrate  has  been 
outlined.  The  accuracy  of  the  determination  is  =*=  1  per 
cent. 
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Sulfate  and  perchlorate  ions  interfere.  The  titration  of 
fluorine  with  cerous  nitrate  cannot  be  carried  out  in  the 
presence  of  the  sulfate  ion.  An  alternate  method  for  this 
type  of  compound  has  been  suggested.  The  presence  of 
perchlorate  is  neither  desirable  nor  necessary. 
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Extraction  and  Colorimetric  Estimation  of 
Certain  Metals  as  Derivatives  of 
8-Hydroxyquinoline 

THERALD  MOELLER,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  Ill. 


ALTHOUGH  methods  involving  the  use  of  8-hydroxy- 
L  quinoline  as  a  quantitative  precipitant  have  been 
extensively  investigated  and  widely  used  (5),  but  little 
attention  has  been  devoted  to  colorimetric  estimations 
based  upon  this  reagent.  The  lack  of  general  applicability 
of  colorimetric  procedures  is  probably  traceable  to  the 
complexity  or  indirectness  of  those  methods  which  have  been 
suggested. 

Among  the  colorimetric  methods  proposed  are  the  following: 

Aluminum  ind  magnesium  through  coupling  of  the  8-hydroxy- 
quinoline  derivatives  with  sulfanilic  acid,  followed  by  colori¬ 
metric  estimations  in  terms  of  the  dyes  so  produced  (2,  3)  ; 
bismuth  through  extraction  of  the  8-hydroxyquinoline  complex 
with  a  3  to  1  acetone-amyl  acetate  mixture  and  color  com¬ 
parison  of  the  extract  (19);  iron  through  solution  of  the  pre¬ 
cipitated  ferric  complex  in  ethanol  followed  by  colorimetric 
observation  of  the  resulting  solution  (15);  magnesium  (6,  22), 
calcium  (6,  22),  and  bismuth,  aluminum,  and  zinc  (21)  through 
the  colors  produced  by  reactions  of  the  8-hydroxyquinoline  de¬ 
rivatives  with  Folin’s  reagent  (10);  magnesium  by  addition  of 
excess  8-hydroxyquinoline  and  colorimetric  estimation  of  the 
excess  after  removal  of  the  precipitated  magnesium  complex 
(14);  magnesum  by  development  of  color  through  reaction  of  the 


precipitated  derivative  with  ferric  chloride  in  acetic  acid  (12); 
and  iron  (1),  aluminum  (1),  and  indium  (16)  through  extraction 
of  the  colored  complexes  with  chloroform  and  direct  colorimetric 
observation  of  the  diluted  extracts. 

For  simplicity  of  operation,  the  last  of  these  methods  would 
appear  particularly  advantageous,  consisting  as  it  does  in  a 
mere  extraction  of  an  aqueous  solution,  adjusted  to  an  ap¬ 
propriate  pH  value,  with  a  solution  of  8-hydroxyquinoline 
in  chloroform,  layer  separation,  and  observation  of  the 
spectral  transmittancy  of  the  extract  at  a  predetermined 
wave  length.  The  sensitivity  of  the  method  for  the  accurate 
estimation  of  small  quantities  of  iron,  aluminum,  and  indium 
(1,  16)  has  been  demonstrated. 

It  is  the  purpose  of  this  paper  to  present  data  relative  to 
the  necessary  conditions  for  the  extraction  of  the  complexes 
of  cobalt,  nickel,  bismuth,  and  cupric  copper,  spectrophoto- 
metric  data  for  solutions  of  these  complexes  in  chloroform 
and  data  relative  to  the  possible  estimation  of  small  amounts 
of  these  elements  by  this  procedure.  Inasmuch  as  a  re¬ 
investigation  of  the  method  as  applied  to  iron  and  aluminum 
has  yielded  results  significantly  different  from  those  reported 
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by  Alexander  (i),  it  has  been  deemed  advisable  to  include 
these  elements  as  well. 

Apparatus  and  Materials 

All  colorimetric  measurements  were  made  with  the  Cenco- 
Sheard  spectrophotelometer  (20)  previously  employed  (16), 
using  cells  of  1-cm.  (±0.5  per  cent)  thickness  with  a  slit  width 
of  5  m^t.  Measurements  of  pH  were  made  with  a  Beckman 
Laboratory  Model  G  pH  meter  (16). 

Chloroform  and  8-hydroxyquinoline  were  of  the  same  purities 
as  previously  reported  (16),  and  chloroform  was  recovered  by 
the  same  procedure  (16),  except  that  12  N  hydrochloric  acid 
proved  to  be  a  better  extracting  agent.  All  other  chemicals 
were  of  analytical  reagent  quality  and  were  used  without  further 
purification. 

Spectrophotometric  Examination  of  Chloroform 
Solutions  of  8-Hydroxyquinoline  Derivatives 

Since  in  a  preliminary  investigation  it  was  found  that  of  the 
8-hydroxyquinoline  derivatives  of  aluminum,  ferric  iron, 
cupric  copper,  bismuth,  cobalt,  and  nickel  prepared  and 
dried  by  the  recommended  methods  (5)  only  the  first  three 
dissolved  at  all  readily  in  chloroform,  spectrophotometric 
studies  were  made  upon  solutions  of  these  materials  as 
extracted  from  aqueous  salt  solutions  at  appropriate  pH 
values. 


WAVE  LENGTH- MILLIMICRONS 

Figure  1.  Transmitt ancy  Curves  for  Chloroform 
Solutions  of  8-Hydroxyqulnoline  and  Certain 
Metallic  Derivatives 

In  Figure  1  are  given  curves  showing  the  spectral  trans- 
mittancies  of  these  complexes  over  the  wave  length  range 
350  to  700  m/i.  In  all  cases  except  ferric  iron,  solutions  con¬ 
tained  the  equivalents  of  20  mg.  of  the  metals  per  liter  of 
chloroform;  for  ferric  iron  it  was  10  mg.  Included  for  pur¬ 
poses  of  comparison  is  a  curve  obtained  for  a  solution  pre¬ 
pared  by  dilution  of  20  ml.  of  0.01  M  8-hydroxyquinoline 
(“oxine”)  in  chloroform  to  50  ml. 

Although  the  absorption  bands  for  the  metallic  derivatives 
are  all  broad,  maximum  absorption  is  noted  definitely  at  the 
following  wave  lengths:  iron,  470  and  570  m/i;  aluminum, 
bismuth,  and  nickel,  395  mp;  cobalt,  420  m/t;  and  copper, 
410  m/i.  Furthermore,  in  the  region  around  400  m/i,  chloro¬ 
form  solutions  of  8-hydroxyquinoline,  although  apparently 


colorless,  show  measurable  absorptions  ( 1 ).  However,  as  has 
been  pointed  out  ( 1 ,  16),  the  use  of  constant  and  controlled 
conditions  of  extraction  obviates  this  difficulty. 

Extraction  and  Colorimetric  Estimation 

Extraction  of  metallic  ions  from  aqueous  solutions  as 
derivatives  of  8-hydroxyquinoline  is  as  closely  dependent 
upon  pH  ( 1 ,  16)  as  is  their  precipitation  by  that  reagent 
(8,  9,  13).  Optimum  pH  ranges  for  extraction  were  deter¬ 
mined  as  previously  reported  (16),  using  nitrate,  sulfate,  or 
chloride  solutions  containing  in  25  ml.  the  equivalent  of 
20  mg.  (10  mg.  for  iron)  of  the  metal  per  liter  of  chloroform 
and  adjusted  to  appropriate  pH  values  with  0.1  A  sulfuric 
acid  or  sodium  acetate,  extracting  four  times  with  5-ml. 
portions  of  0.01  M  8-hydroxyquinoline,  and  examining  the 
extracts  at  appropriate  wave  lengths  after  dilution  to  50  ml., 
the  per  cent  extraction  then  resulting  from  application  of 
calibration  curves  (Figure  3).  Data  so  obtained  are  plotted 
in  Figure  2. 

Transmittancy  data  obtained  at  the  wave  lengths  pre¬ 
viously  given  for  extracts  made  within  the  optimum  pH 
ranges  indicated  in  Figure  2  and  containing  the  equivalent 
of  5,  10,  15,  and  20  mg.  of  metal  per  liter  of  chloroform  are 
plotted  in  Figure  3.  Lack  of  intersection  with  the  logarithm 
of  100  per  cent  transmittancy  at  zero  concentration  is  due  to 
the  measurable  transmittancy  of  the  reagent  in  chloroform. 

Iron.  Data  in  Figure  2  confirm  the  observation  of  Alexander 
(1)  that  ferric  iron  is  completely  extracted  at  pH  2.0,  although 
complete  extraction  was  obtained  here  at  pH  1.9.  Inasmuch  as 
completeness  of  extraction  falls  off  above  pH  3.0,  owing  to 
hydrous  oxide  formation  (16),  optimum  conditions  for  the  re¬ 
moval  of  iron  are  in  the  pH  range  1.9  to  3.0. 

Although  Alexander  (1)  reported  the  colorimetric  estimation 
of  iron  at  540  m/i,  data  in  Figure  1  indicate  the  greater  desir¬ 
ability  of  using  the  470  and  570  m,u  bands.  At  either  of  these 
wave  lengths,  the  color  system  obeys  Beer’s  law  rigidly  in  a 
concentration  range  at  least  up  to  20  mg.  of  the  metal  per  liter 
of  chloroform  (or  up  to  1  mg.  of  iron  in  25  ml.  of  aqueous  solu¬ 
tion),  although  absorption  at  the  lower  wave  length  is  so  strong 
as  to  make  reading  difficult  at  higher  concentrations  (Figure  3). 
The  extensive  absorption  of  these  black  solutions  over  the  entire 
visible  spectrum  (Figure  1)  coupled  with  the  low  extraction  pH 
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Figure  3.  Relation  between  Metal  Concentration  and 
Transmitt  ancy 


would  cause  ferric  iron  to  interfere  with  the  determination  of 
certain  other  metals — e.  g.,  copper,  bismuth,  and  indium  (16). 

Aluminum.  Although  Alexander  ( 1 )  reported  complete 
extraction  of  aluminum  at  pH  3.5,  data  in  Figure  2  indicate 
complete  removal  only  in  the  pH  interval  4.3  to  4.6,  extraction 
again  falling  off  at  higher  pH  values.  Partial  extraction  was 
noted  in  the  pH  interval  2.6  to  4.3,  and  within  the  optimum 
range  complete  extraction  was  attained  only  with  difficulty. 
The  use  of  higher  reagent  concentrations  might  improve  the 
results. 

Strict  conformity  to 'Beer’s  law  at  395  m/z  is  not  shown  by 
chloroform  solutions  of  the  aluminum  complex,  although  devia¬ 
tion  in  the  range  up  to  20  mg.  is  insufficient  to  interfere  with  the 
method.  Estimation  of  iron  and  aluminum  in  the  same  sample 
as  reported  by  Alexander  ( 1 )  appears  to  offer  no  difficulty,  since 
iron  extracts  completely  at  pH  values  below  those  for  aluminum 
extraction. 

Bismuth.  Extraction  of  the  yellow  bismuth  complex  is 
complete  in  the  pH  range  4.0  to  5.2  and  proceeds  readily.  At 
higher  pH  values,  incomplete  extraction  is  again  noted.  Refer¬ 
ence  to  Figure  3  indicates  but  little  deviation  (at  395  m/x)  from 
Beer’s  law  up  to  10  mg.  of  the  metal  per  liter  of  chloroform, 
although  differences  become  more  marked  at  higher  concentra¬ 
tions.  Use  of  this  method  for  the  estimation  of  bismuth  should 
present  no  difficulties. 

Cobalt.  Although  extraction  of  the  cobalt  complex  begins 
around  pH  3.5,  complete  removal  occurs  only  at  pH  6.8  or  above. 
At  appropriate  pH  values,  extraction  offers  no  difficulties,  and 
complete  removal  of  cobalt  from  the  aqueous  layer  can  usually 
be  effected  by  two  extractions.  At  420  m/z,  the  slightly  orangish 
chloroform  solutions  of  the  complex  conform  exactly  to  Beer’s 
law  up  to  10  mg.  of  the  metal  per  liter,  but  deviations  at  higher 
concentrations  are  marked. 

Nickel.  Extraction  of  the  nickel  derivative  begins  just 
above  pH  2.5  but  is  complete  only  at  pH  6.7  or  above.  Deviations 
of  the  yellow  chloroform  solutions  of  the  complex  from  Beer’s 
law  at  395  m/x  are  minor  up  to  10  mg.  of  the  metal  per  liter  but 
become  more  pronounced  at  higher  concentrations.  Quanti¬ 
tative  estimation  of  nickel  by  this  method  should  offer  few 
difficulties. 

Copper.  As  is  shown  in  Figure  2,  extraction  of  the  copper 
complex  was  complete  at  all  investigated  pH  values  in  the 
range  2.7  to  7.0.  Qualitative  observations  have  indicated  the 
complete  removal  of  copper  from  ammoniacal  solutions  as  well, 
an  indication  of  the  stability  of  the  resulting  compound. 

At  410  m/j.,  the  yellow  chloroform  solutions  of  the  copper 
derivative  approach  Beer’s  law  closely  up  to  concentrations  of 
10  mg.  of  the  metal  per  liter,  with  deviations  becoming  some¬ 
what  greater  at  higher  concentrations. 

Estimation  of  copper  by  this  method  is  readily  and  accurately 
effected  in  the  absence  of  other  extractable  cations,  and  the 
wide  pH  range  of  copper  extraction  permits  a  considerable 
choice  of  suitable  pH  values.  Inasmuch  as  the  estimation  of 
copper  in  the  presence  of  cadmium  and  zinc  is  often  necessary 
and  the  cadmium  and  zinc  derivatives  of  8-hydroxyquinoline 


have  been  found  not  to  extract  at  least  below 
pH  5.5  (18),  it  was  of  interest  to  apply  the  above 
procedure  to  copper-cadmium  and  copper-zinc  solu¬ 
tions.  The  accuracy  and  feasibility  of  the  estima¬ 
tion  of  small  amounts  of  copper  in  the  presence  of 
at  least  forty  times  as  much  of  these  elements  are 
in  dicated  by  data  obtained  by  the  extraction  of 
25-ml.  aqueous  sulfate  solutions  adjusted  to  pH 
4.0  and  containing  in  all  cases  the  equivalent 
of  10.0  mg.  of  copper  per  liter  of  chloroform 
plus  a  varying  quantity  of  the  other  metal.  The 
transmittancy  of  the  solution  containing  copper 
(at  410  mu)  was  unaffected  by  as  much  as  400  mg. 
of  cadmium  or  zinc.  It  appears  not  unlikely  that 
the  method  would  be  applicable  in  the  presence 
of  even  larger  amounts  of  cadmium  or  zinc. 

Although  all  the  elements  except  iron  here 
investigated  give  8-hydroxyquinoline  derivatives 
the  chloroform  solutions  of  which  show  maximum 
absorption  in  the  region  around  400  m/x,  thereby 
imparting  to  the  method  a  lack  of  specificity,  it  is 
apparent  that  through  proper  pH  control  and  in 
the  absence  of  interfering  cations  a  method  is 
available  for  the  accurate  determination  of  iron, 
aluminum,  bismuth,  cobalt,  nickel,  and  copper  in 
amounts  up  to  at  least  1  mg.  in  25  ml.  of  aqueous 
solution.  In  those  instances  where  one  metal 
can  be  completely  extracted  at  a  pH  below  that  at  which  a 
second  metal  extracts,  separate  determinations  of  the  two 
are  possible.  This  has  already  been  reported  for  iron  and 
aluminum  ( 1 )  and  the  data  here  presented  indicate  that  it 
should  be  possible  to  estimate  iron  in  the  presence  of  bismuth, 
cobalt,  or  nickel;  copper  in  the  presence  of  cobalt  and  possibly 
in  the  presence  of  nickel  or  aluminum;  and  copper  in  the 
presence  of  cadmium  or  zinc. 

Extraction  of  metallic  derivatives  of  8-hydroxyquinoline 
and  their  precipitation  from  aqueous  solution  appear,  in 
several  instances,  to  be  closely  related  to  hydrous  oxide  or 
hydroxide  precipitation.  This  is  brought  out  by  the  pH 
data  summarized  in  Table  I,  from  which  it  is  apparent  that 
pH  values  for  these  three  phenomena  are  most  closely  re¬ 
lated  with  ferric  iron,  indium,  aluminum,  and  bismuth. 
With  copper,  quinolate  precipitation  and  extraction  occur 
at  a  lower  pH  than  hydrous  hydroxide  formation,  while 
with  cobalt  and  nickel,  quinolate  extraction  and  hydrous 
oxide  formation  agree  but  are  at  higher  pH  values  than 
quinolate  precipitation.  Further  investigations  along  these 
lines  should  be  profitable. 


Table  I.  pH  Relations  between  Hydrous  Oxides 
(Hydroxides)  and  8-Hydroxyquinoline  Derivatives 


Ion 

Hydrous  oxide 
(hydroxide) 
formation 

- pH  Value - 

Quinolate 

precipitation 

Quinolate 

extraction 

Fe  +  +  + 

2  (7) 

2.8  (IS) 

1.9 

Cu  +  + 

5.3  (7) 

2.7  (IS) 

2.7 

In  +  +  + 

3.4  (17) 

3.0  (11) 

3.2  (IS) 

Bi  +  +  + 

4.2  ° 

4.8  (IS) 

4.0 

AI  +  +  + 

4.1  (7) 

4.2  (IS) 

4.3 

Ni  +  + 

6.7  (7) 

4.6  (IS) 

6.7 

Co  +  + 

6.8  (7) 

4.2  (IS) 

6.8 

Calculated  from  solubility  product  data  at  0.1  M  (4). 

Summary 

Spectrophotometric  examinations  of  chloroform  solutions 
of  certain  metal  derivatives  of  8-hydroxyquinoline  indicate 
the  following  absorption  maxima:  ferric  iron,  470  and  570  mju; 
aluminum,  bismuth,  and  nickel,  395  mu;  cobalt,  420  m/x; 
and  copper,  410  m/x. 

Agitation  of  aqueous  solutions  containing  these  metallic 
ions  with  a  chloroform  solution  of  8-hydroxyquinoline  leads 
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to  complete  extraction  of  the  metallic  complexes  in  the  fol¬ 
lowing  optimum  pH  ranges:  iron,  1.9  to  3.0;  aluminum, 
4.3  to  4.6;  bismuth,  4.0  to  5.2;  cobalt,  6.8  or  above;  nickel, 
6.7  or  above;  and  copper,  2.7  to  at  least  7.0.  At  pH  values 
below  the  lower  limits,  partial  extraction  to  no  extraction 
will  occur. 

Chloroform  solutions  containing  the  equivalents  of  up 
to  20  mg.  of  these  metals  per  liter  (or  1  mg.  of  the  metal  in  the 
aqueous  solution  extracted)  show  little  or  no  deviation  from 
Beer’s  law  at  the  wave  lengths  given  and  thus  lend  them¬ 
selves  to  use  in  accurate  colorimetric  determinations. 

Copper  can  be  determined  in  the  presence  of  at  least  forty 
times  as  much  cadmium  or  zinc  by  extraction  at  pH  4.0 
and  transmittancy  measurement  at  410  mu. 

An  interesting  correlation  between  pH  values  for  hydrous 
oxide  or  hydroxide  formation,  quinolate  precipitation,  and 
quinolate  extraction  is  given. 
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IN  THE  study  of  reaction  kinetics  in  flow  systems,  accurate 
measurement  of  the  rate  of  flow  of  the  intake  and  exit 
gases  is  essential.  Flow-measuring  instruments  in  common 
use  are  of  two  types:  (A)  meters  that  measure  some  function 
of  the  gas  velocity — for  example,  the  pressure  drop  across  an 
orifice  or  the  rate  at  which  heat  is  conducted 'away  from  a 
heated  wire — and  (B)  instruments  that  involve  displacement 
of  a  liquid  by  the  gas  and  continuous  or  discontinuous  meas¬ 
urement  of  the  volume  displaced  in  unit  time.  The  familiar 
wet-test  meter  is  an  example  of  this  type.  Both  types  of  in¬ 
struments,  as  commercially  available,  have  disadvantages, 
particularly  if  flow  rates  of  the  order  of  25  cc.  per  minute  or 
smaller  are  to  be  measured.  Type  A  requires  a  separate  cali¬ 
bration  curve  for  each  kind  of  gas,  hence  is  not  suited  for  use 
with  mixtures  of  unknown  composition,  such  as  the  gaseous 
product  of  a  thermal  reaction.  Type  B  requires  estimation  of 
and  correction  for  the  effect  of  the  vapor  pressure  of  the  dis¬ 
placed  liquid  and  for  the  solubility  of  some  components  of  the 
mixture  in  the  liquid.  Meters  of  this  type  are  therefore  un¬ 
suitable  for  the  measurement  of  intake  rates. 

The  flowmeter  shown  diagrammatically  in  Figure  1  is  an  im¬ 
proved  form  of  a  meter  described  by  Marsh  (Z)  for  measurement 
of  very  slow  flow  rates.  The  new  type  of  meter  is  free  from  the 
disadvantages  of  the  usual  instruments  in  common  use.  The 
operation  is  clearly  shown  by  the  diagram. 

Referring  to  the  side  view,  gas  enters  at  A,  passes  down  the 
vertical  tube,  and  forces  a  drop  of  mercury,  D,  to  the  right  in  the 
horizontal  tube.  Stopcocks  S\  and  S2  are  open;  Ss  is  closed. 
When  the  drop  reaches  the  end  of  the  tube  at  E,  the  gas  trapped 
behind  the  drop  is  discharged.  However,  as  soon  as  the  drop 


TOP  VIEW 


5MM.TUBING 

1.5'O.D. 

SIDE  VIEW 

Figure  1.  Diagram  of  Flowmeter 
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begins  to  flow  into  the  13-mm.  bulb  at  E,  the  mercury  level  is 
pushed  up  at  C,  so  that  a  new  drop  is  forced  into  the  horizontal 
tube,  trapping  a  new  segment  of  the  gas  stream.  This  drop  then 
moves  to  the  right  and  the  cycle  is  repeated. 

Thus,  each  cycle  represents  the  flow  of  a  definite  volume  of 
gas  and  the  time  between  cycles  is  a  measure  of  the  flow  rate. 
For  low  flow  rates  the  time  required  for  movement  of  the 
drop  between  two  fixed  points  may  be  a  more  convenient 
measure  of  the  rate. 


Figuhe  2 


Figure  2  shows  a  calibration  curve  obtained  with  hydrogen 
and  with  nitrogen,  when  gas  volumes  were  measured  by  col¬ 
lection  over  water  in  suitable  burets.  The  points  for  the  gases 
are  seen  to  fall  accurately  on  the  same  line.  The  use  of  mer¬ 
cury  as  a  displacement  fluid  eliminates  the  difficulties  caused 
by  use  of  water  or  organic  liquids  in  the  usual  wet-test  meters. 

Some  details  of  the  construction  and  operation  of  the  flowmeter 
need  further  discussion.  The  glass  spirals  permit  small  adjust¬ 
ments  in  the  tilt  of  the  tube,  which  controls  the  size  of  the  drop. 
Since  there  is  a  lag  between  the  time  at  which  the  drop  begins  to 
flow  into  the  bulb  at  E  and  the  time  at  which  the  mercury  rises 
at  C,  the  drop  must  be  of  sufficient  length  to  ensure  that  mercury 
will  enter  the  horizontal  tube  at  C  before  the  drop  at  the  right  is 
entirely  discharged  from  the  tube.  If  this  condition  is  not  met, 
a  jet  of  gas  will  flow  through  the  tube  dining  a  part  of  each  cycle. 
The  amount  of  gas  will  be  a  function  of  the  gas  viscosity  and  the 
calibration  curve  will  then  be  found  to  depend  on  the  kind  of  gas. 

The  requirement  that  there  must  be  a  drop  of  mercury  in  the 
horizontal  tube  at  every  part  of  the  cycle  suggests  the  use  of  a 
tube  of  relatively  large  diameter  and  as  short  as  possible  for  the 
mercury  piston,  in  order  to  reduce  the  time  lag.  However,  in 
such  a  tube  the  mercury  level  tends  to  oscillate  for  some  time  after 
a  drop  is  discharged  at  E,  thereby  producing  a  series  of  drops  at 
the  left  instead  of  one.  The  constriction  in  the  vertical  tube  at 
F  reduces  these  oscillations;  the  long  zigzag  horizontal  tube, 
shown  in  the  top  view,  ensures  complete  damping  of  the  oscilla¬ 
tions  of  one  cycle  before  the  second  begins  and  minimizes  pos¬ 
sible  errors  from  fluctuations  in  the  size  of  the  mercury  drops. 
In  the  authors’  instrument  2  drops  are  formed  at  the  beginning 
of  every  cycle  when  the  flow  rate  becomes  greater  than  15  cc.  per 
minute  and  as  this  rate  is  approached  there  will  be  1  drop  one 
cycle  and  2  the  next.  However,  the  total  volume  of  mercury  re¬ 
mains  very  nearly  constant,  as  the  calibration  curve  proves. 
Above  35  cc.  per  minute  3  drops  are  formed.  The  tungsten  con¬ 
tacts  shown  in  the  top  view  actuate  a  counter  through  a  relay,  so 
that  the  instrument  may  be  used  to  record  total  flow  as  well  as  to 
measure  the  rate. 


The  surface  of  the  tubing  through  which  the  gas  and  mercury 
droplets  flow  should  be  free  of  any  oil  or  water  film  or  dust  par¬ 
ticles,  and  the  mercury  should  be  pure;  otherwise  there  will  be 
small  fluctuations  in  the  rate  of  gas  flow  which  may  give  pressure 
variations  as  high  as  1  or  2  mm.  of  mercury.  This  effect  can  be 
eliminated  in  any  case,  however,  by  having  a  surge  chamber  in 
the  line  following  the  meter. 

Since  the  volume  displacement  per  cycle  does  not  depend  on 
the  pressure  or  temperature  of  the  gas,  the  instrument  may  be 
used  at  subatmospheric  pressures.  During  any  particular 
run,  however,  the  temperature  and  pressure  should  have  con¬ 
stant  values;  otherwise  it  would  be  difficult  to  convert  the 
gas  volumes  to  standard  conditions.  The  meter  could  also 
be  adapted  for  use  at  superatmospheric  pressures  by  using 
metal  parts  or  suitable  plastic  tubing  and  connections. 

Acknowledgment 

The  authors  are  greatly  indebted  to  Harold  Gershinowitz 
for  his  interest  and  advice. 

Literature  Cited 

(1)  Marsh,  A.  E.  L.,  Trans.  Faraday  Soc.,  36,  626  (1940). 


Forceps  with  Platinum-Covered  Tips 

EARL  \V.  BALIS  and  HERMAN  A.  LIEBHAFSKY 
Research  Laboratory,  General  Electric  Co., 
Schenectady,  N.  Y. 

THE  usual  platinum-tipped  forceps  commercially  avail¬ 
able  have  each  platinum  tip  fastened  to  nickel-plated 
steel  by  means  of  two  rivets  in  a  simple  scarf  joint.  During 
the  past  five  years,  three  or  four  of  these  expensive  tools 
have  failed  here,  always  owing  to  corrosion  or  oxidation 
where  the  two  metals  join.  Even  moderate  attack  of  the 
steel  soon  renders  the  forceps  unfit  for  use  because  the 
platinum  alone  is  too  weak  to  withstand  the  flexing  that  occurs 
at  the  rivet  holes. 

Forceps  that  are  stronger,  cheaper,  and  more  durable 
than  those  just  described  have  been  made  in  this  laboratory 
by  covering  the  tips  of  ordinary  steel  forceps  with  5-mil 
platinum  foil.  The  tips  of  the  steel  forceps  were  filed  to  the 
shape  desired  and  a  piece  of  foil  (0.8  X  2.5  cm.)  was  fitted 
to  each,  so  that  the  seam  would  fall  outside.  A  close  fit 
was  obtained  by  slitting  the  lower  edge  of  the  foil  so  that 
it  could  be  folded  around  the  end  of  the  tip;  excess  foil  was 
then  carefully  trimmed  away.  Spot-welding  to  form  a 
practically  continuous  seam  completed  the  assembly.  The 
welding  operation  is  simple  with  the  proper  equipment.  In 
this  case,  a  low  inertia  bench  welder  with  synchronous 
thyratron  control  was  used  under  the  following  conditions: 
350  amperes  for  6  cycles,  or  0.1  second;  electrode  pressure, 
20  pounds;  flat  copper  electrodes  of  diameters  3/i6  inch 
(lower)  and  V32  inch  (upper). 

The  forceps  thus  constructed  have  been  used  constantly 
during  the  last  six  months  and  have  given  satisfactory  service 
without  deteriorating  noticeably.  There  is  no  reason  why 
the  tips  of  a  wide  variety  of  tongs  and  forceps  could  not  be 
covered  with  platinum  foil  to  great  advantage.  The  im¬ 
plements  to  be  covered  should  preferably  be  made  of  stainless 
alloys. 


A  Large-Scale  Laboratory  Extractor 
of  the  Soxhlet  Type 

KARL  E.  RAPP,  C.  W.  WOODMANSEE,  and  J.  S.  McHARGUE 
Kentucky  Agricultural  Experiment  Station,  Lexington,  Ky. 


IN  CHEMICAL  investigations  of  agricultural  products  it  is 
frequently  necessary  to  extract  large  quantities  of  material. 
This  problem  was  encountered  by  the  authors  in  an  investi¬ 
gation  on  tobacco  and  its  solution  may  be  of  use  in  other  labo¬ 
ratories. 

The  extractor  was  designed  and  constructed  from  two  alcohol 
drums  and  other  materials  obtained  from  a  plumbing  shop. 

In  Figure  1  the  distilling  pot,  1,  is  made  from  a  55-gallon 
drum.  Heat  is  supplied  by  a  steam  coil  entering  at  valve  2.  The 
solvent  vapor  tube,  3,  made  of  2-inch  iron  pipe  and  fittings,  is 
welded  to  the  drums.  A  30-gallon  drum  comprises  the  extraction 
chamber,  4,  with  0.5-inch  pipe  and  fittings  for  the  siphon  tube 
return,  5.  Coupling  joints  are  provided  for  both  vapor  tube  and 
siphon  tube  for  ease  in  handling.  Condensation  is  maintained 
by  a  spiral  cone  condenser  head,  6,  with  auxiliary  straight  tube 
condenser,  7,  connected  in  series  to  the  water  line.  A  steam- 
radiator  safety  valve,  8,  is  attached  to  7  when  the  air  has  been 
forced  from  the  system.  This  prevents  air  from  being  drawn  in 
by  the  partial  vacuum  created  each  time  the  extract  siphons  over, 
resulting  in  the  loss  of  solvent. 

A  detailed  diagram  of  the  condenser-head  assembly  is  shown 
in  Figure  2.  The  drumheads  are  cut  out  and  flanges  welded  to 
the  sides.  The  extractor  heads  are  bolted  to  these  flanges,  being 
sealed  with  braided  graphite-impregnated  packing.  Thus  they 


8 


are  removable  for  charging  and  cleaning.  An  ordinary  18-inch 
boiler  gage,  9,  provides  a  means  for  following  the  solvent  level 
in  the  pot.  The  pot  steam  coil  is  so  placed  that  the  solvent  level 
never  falls  below  about  5  gallons,  automatically  preventing  the 
extract  from  becoming  overheated. 

The  ground  material  to  be  extracted  is  held  in  a  heavy  cotton 
bag  double-sewn  at  the  seams,  which  is  supported  on  a  small 
rack,  10,  made  of  iron  piping  welded  at  the  joints. 

When  extraction  is  complete  the  distilled  solvent  and  concen¬ 
trated  extract  solution  are  drawn  off  at  taps  11  and  12,  respec¬ 
tively.  Following  this  operation  the  straight  tube  condenser,  7, 
is  connected  for  distillation  by  means  of  adapter  13,  the  spiral 
cone  condenser  being  disconnected  from  the  water  line.  Steam 
through  valve  14  is  then  used  to  distill  the  solvent  from  the  ex¬ 
tracted  residue  in  the  bag.  Solvent  vapor  passes  to  the  condenser 
and  also  in  reverse  direction  through  the  vapor  tube,  3,  and  is 
condensed.  That  returning  to  the  distilling  pot  serves  to  rinse 
down  the  sides  of  the  drum.  It  is  drawn  off  and  added  to  the  con¬ 
centrated  extract  for  final  solvent  recovery. 

The  capacity  of  this  apparatus  is  approximately  50  pounds  of 
dried  plant  material.  With  this  charge  the  solvent  requirements 
are  25  to  35  gallons,  most  of  which  is  recovered  after  extraction. 

Experiments  in  the  last  year  have  proved  the  efficiency  of 
the  extractor. 

The  investigation  reported  in  this  paper  is  in  connection  with  a  project  of 
the  Kentucky  Agricultural  Experiment  Station  and  is  published  by  per¬ 
mission  of  the  Director 
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Direct  Quantitative  Determination  of 
Nicotinamide  in  Vitamin  Mixtures 

FRANCES  W.  LAMB 

Gelatin  Products  Company,  Detroit,  Mich. 


THE  method  for  the  quanti¬ 
tative  determination  of 
nicotinic  acid  and  nicotinamide 
based  on  the  color  reaction  of 
Konig  (8)  has  been  employed 
successfully  by  a  number  of 
workers  (4-7)  in  the  analysis 
of  both  biological  and  vitamin 
concentrate  materials.  A  dis¬ 
cussion  of  the  chemistry  in¬ 
volved  in  this  determination  as 
well  as  references  to  numerous 
modifications  and  variations 
of  the  method  is  given  in  a 
review  by  Waisman  and 
Elvehjem  ( 9 ). 

However,  as  with  other 
physicochemical  methods  for 
the  determination  of  nicotinic 
acid,  the  method  is  not  specific, 
since  other  pyridine  compounds 
also  produce  the  same  color 
upon  treatment  with  cyano¬ 
gen  bromide  and  an  aromatic 
amine.  For  this  reason  the  usual  practice  is  to  hydrolyze  the 
sample  with  either  strong  acid  or  alkali  to  convert  other  nico¬ 
tinic  acid  derivatives  to  the  free  nicotinic  acid.  In  this  con¬ 
nection  Melnick,  Robinson,  and  Field  (6)  have  reported  that 
in  the  analysis  of  urine  it  is  possible  to  obtain  a  semiquantita- 
tive  analysis  of  the  amounts  of  nicotinic  acid,  nicotinamide, 
nicotinuric  acid,  and  trigonelline  present  by  determining  the 
apparent  “nicotinic  acid”  values  after  various  hydrolysis 
treatments. 

Since  today  approximately  90  per  cent  of  the  compounded 
synthetic  vitamin  mixtures  contain  nicotinamide  rather  than 
nicotinic  acid,  it  is  highly  desirable  to  have  a  direct  quantita¬ 
tive  method  for  the’  analysis  of  vitamin  mixtures  for  nicotin¬ 
amide.  The  microbiological  method  is  not  satisfactory  for 
this  purpose,  since  equimolecular  weights  of  nicotinic  acid, 
nicotinamide,  and  nicotinuric  acid  have  equal  activities  for 
the  organism  used  (8).  In  the  case  of  the  colorimetric 
method  Melnick  and  Field  (< 5 )  stated  that  the  amide 
reacted  with  cyanogen  bromide  and  aniline  to  give  the 
same  yellow  color  but  the  intensity  of  the  color  produced 


was  about  half  that  produced 
by  an  equal  amount  of  nico- 
tinic  acid.  Shaw  and 
Macdonald  (7)  reported  that 
when  using  nicotinamide  the 
results  were  neither  constant 
nor  reproducible,  and  were 
generally  lower  than  those  ob¬ 
tained  with  the  acid,  while 
Randier  and  Hald  (I),  using 
Metol  as  the  aromatic  amine, 
stated  that  the  yellow  color 
produced  with  the  amide  was 
usually  considerably  stronger 
than  that  obtained  with  the 
acid,  and  that  the  results  were 
not  reproducible. 

Time-reaction  studies  have 
been  made  of  the  intensity  of 
the  color  produced  by  treating 
both  nicotinic  acid  and  nico¬ 
tinamide  with  aniline  and 
cyanogen  bromide. 

For  these  studies  equal  quantities  of  acid  and  amide  were  used. 
Briefly,  to  50  micrograms  of  the  acid  or  amide  in  12  ml.  of  dis¬ 
tilled  water,  1  ml.  of  4  per  cent  aniline  in  95  per  cent  ethanol  was 
added,  followed  by  6  ml.  of  cyanogen  bromide  reagent  (approxi¬ 
mately  4  per  cent).  The  solutions  were  quickly  mixed,  stirred  to 
free  them  from  air  bubbles,  and  placed  in  specially  matched  tubes. 
Using  the  Evelyn  photoelectric  colorimeter  with  a  420  m^  filter, 
the  intensity  of  the  color  produced  was  measured  every  15 
seconds. 

The  results  of  a  typical  set  of  these  measurements  are 
shown  graphically  in  Figure  1,  in  which  corrected  extinction 
(log  I0/I )  values  are  plotted  against  time  elapsed  after  addi¬ 
tion  of  the  cyanogen  bromide  reagent.  A  number  of  similar 
series  of  measurements  have  established  that  the  time-reaction 
curves  for  nicotinic  acid  and  nicotinamide  are  equally  char¬ 
acteristic  and  reproducible.  However,  it  is  evident  that  the 
maximum  intensity  is  reached  in  less  time  and  decreases  much 
faster  for  the  amide  than  for  the  acid  form.  These  curves  also 
show  that  determinations  based  upon  maximum  readings  are 
more  reliable  than  determinations  based  upon  readings  taken 
at  an  arbitrary  elapsed  time  of  5  minutes,  since  the  readings 


With  the  approval  and  cooperation  of  the 
authors  concerned,  the  ANALYTICAL 
EDITION  presents  here  the  results  of  re¬ 
search  conducted  independently  in  two 
laboratories  on  the  same  problem  (see  page 
355).  Using  the  same  fundamental  proce¬ 
dure  with  minor  modifications  in  analyti¬ 
cal  technique,  the  investigators  acquired 
data  which  offer  confirmatory  evidence  on 
the  value  of  their  method. 

That  credit  for  priority  in  this  work  may 
be  established,  it  should  be  noted  that  Dr. 
Lamb’s  method  was  written  up  in  pre¬ 
liminary  form  last  November  and  sub¬ 
mitted  to  this  journal  on  March  2.  The 
method  by  Drs.  Melnick  and  Oser  was 
written  up  in  February  this  year,  and  a 
manuscript  submitted  for  publication  on 
March  11. 
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Figure  1.  Time-Reaction  Curves 

50  micrograms  of  nicotinic  acid  (1),  nicotinamide  (2),  pyridine  (3),  and  0-picoline  (4) 


might  vary  considerably  for  a  small  difference  in  timing,  par¬ 
ticularly  in  the  case  of  the  amide. 

The  length  of  time  for  the  maximum  depth  of  color  to  de¬ 
velop  varies  somewhat  with  different  cyanogen  bromide  prep¬ 
arations,  and  the  rate  of  reaction  increases  with  temperature. 
Various  solvents  have  been  found  to  change  the  rate  of  reac¬ 
tion — methyl  alcohol,  for  example,  retards  the  reaction  con¬ 
siderably,  the  maximum  color  intensity  for  the  amide  being 
reached  at  the  end  of  6  to  7  minutes  instead  of  3  to  3.5  minutes. 
However,  for  normal  laboratory  conditions,  maximum  read¬ 
ings  obtained  in  the  analysis  of  standard  nicotinic  acid  and 
nicotinamide  solutions  repeated  from  time  to  time  during  an 
8-hour  period  were  found  to  be  reproducible  to  within  =*=2 
per  cent.  In  Figure  2  the  maximum  extinction  coefficients  for 
both  nicotinic  acid  and  nicotinamide  as  obtained  by  the  above- 
described  procedure  are  plotted  against  concentrations  of 
these  compounds  in  micrograms.  This  relationship  was 
found  to  be  linear  for  0  to  75  micrograms  of  nicotinamide  and 
for  0  to  100  micrograms  of  nicotinic  acid.  Since  Beer’s  law 
fails  to  hold  above  these  amounts,  it  is  necessary  to  select 
sample  aliquots  so  that  the  quantities  of  nicotinic  acid  and 
nicotinamide  will  fall  within  these  ranges  of  concentration. 

These  observations  form  the  basis  of  a  method  for  the  direct 
quantitative  determination  of  nicotinamide  which  has  been 
used  successfully  in  the  analysis  of  several  hundred  samples 
of  synthetic  vitamin  mixtures.  As  with  other  chemical 
methods,  this  method  is  also  open  to  criticism  in  that  it  is  not 
entirely  specific  for  either  form.  However,  by  making  time- 
reaction  studies  it  is  possible  to  detect  very  quickly  whether  a 
material  contains  nicotinic  acid,  nicotinamide,  or  a  mixture 
of  the  two,  since  the  relationship  of  the  extinctions  of  the 
resulting  colors  to  time  of  their  development  is  distinctly 
different  for  the  acid  and  amide.  Having  determined  the 
qualitative  composition  of  the  sample  in  respect  to  these  sub¬ 
stances,  the  material  may  then  be  analyzed  for  either  nico¬ 
tinic  acid,  its  amide,  or  both,  as  described  under  procedure  for 
analysis.  If  the  time-reaction  curve  indicates  that  the  sample 
contains  a  mixture  of  the  amide  and  acid,  it  is  necessary  to 
make  a  time-reaction  curve  both  before  and  after  hydrolysis 


of  the  sample.  Using  Equation  1,  it 
is  then  possible  to  calculate  the 
amounts  of  amide  and  acid  present. 
While  the  preparation  of  reagents, 
general  procedure  for  analysis,  and 
treatment  of  results  are  given  in  the 
literature,  it  is  thought  worth  while 
to  repeat  these  briefly  with  the  inclu¬ 
sion  of  a  few  helpful  details  gained 
from  experience  in  using  this  method 
during  the  past  year. 

Experimental  Procedure 

Preparation  of  Reagents.  The 
cyanogen  bromide  reagent  prepared  in 
4-liter  quantities  as  described  below  has 
been  found  to  be  stable  when  stored  at 
room  temperatures  for  2  months  or  more. 
A  saturated  bromine  solution  is  prepared 
by  dissolving  57  ml.  of  bromine  in  4 
liters  of  distilled  water  at  5°  to  10°  C. 
This  solution  is  stirred  continually  while 
a  10  per  cent  sodium  cyanide  or  potas¬ 
sium  cyanide  solution  is  carefully  added 
until  completely  decolorized.  An  excess 
of  cyanide  is  to  be  avoided.  As  soon  as 
the  solution  becomes  a  pale  green-yellow 
its  per  cent  transmission  is  measured 
after  each  small  addition  of  the  cyanide 
solution.  When  the  per  cent  transmis¬ 
sion  of  the  cyanogen  bromide  solution 
reaches  a  maximum,  sufficient  cyanide 
solution  has  been  added.  The  amount 
of  10  per  cent  potassium  cyanide  required 
to  decolorize  4  liters  of  the  saturated  bromine  water  is  roughly 
725  ml.  The  resulting  4  to  5  per  cent  cyanogen  bromide  solution 
is  conveniently  stored  in  a  2-liter  automatic  buret,  from  which  it 
may  be  easily  and  safely  dispensed. 

A  4  per  cent  aniline  solution  is  prepared  from  c.  p.  aniline  in  95 
per  cent  ethanol  and  stored  in  an  amber  bottle. 

Standard  solutions  of  nicotinic  acid  and  nicotinamide  are  pre¬ 
pared  containing  25  micrograms  per  ml.  in  distilled  water. 


Figure  2 
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Table  I.  Effect  of  Time  Delay  in  Adding  Cyanogen 
Bromide  Following  Addition  of  Aniline 


Time12 

Log  'j  for  50  iig. 
of  Nicotinamide 

Change 
in  Log  ^ 

Log  -r°  for  50  tig1 
of  Nicotinic  Acid 

Change 
in  Log  j ° 

Min. 

0 

0.195 

% 

0.00 

0.295 

% 

0.00 

2 

0.189 

-3.08 

0.300 

+  1.69 

4 

0.192 

-1.54 

0.298 

+  1.02 

8 

0.196 

+0.51 

0.297 

+  0.68 

16 

0.196 

+0.51 

0.305 

+3.39 

°  Elapsed  time  between  addition  of  aniline  and  cyanogen  bromide. 


These  standard  solutions  have  been  found  to  be  stable  as  long  as  2 
weeks;  however,  it  is  advisable  to  prepare  fresh  solutions  each 
week. 

Preparation  of  Sample.  Aqueous  solutions  of  samples  are 
prepared  to  contain  1  to  30  micrograms  of  nicotinic  acid  or  amide 
per  ml.  In  the  case  of  synthetic  vitamin  mixtures,  tablets,  and 
capsules  it  is  convenient  to  place  the  required  number  in  a  volu¬ 
metric  flask,  heat  on  a  steam  bath,  and  swirl  until  the  material  is 
either  completely  in  solution  or  uniformly  dispersed.  The 
addition  of  1  ml.  of  ethylene  dichloride  aids  by  quickly  dispersing 
vitamin  mixtures  containing  waxes,  fats,  oils,  liver  concentrates, 
etc.  The  solutions  are  then  made  to  volume  and  filtered  to  re¬ 
move  oils,  fats,  waxes,  and  other  insoluble  material.  The  first  50 
to  100  ml.  of  filtrate  are  discarded  to  avoid  loss  of  nicotinic  acid 
and  amide  by  adsorption  on  the  filter  paper.  While  it  may  not 
be  accepted  quantitative  procedure,  it  has  been  found  helpful  to 
add  a  drop  or  two  of  a  2  per  cent  aerosol  solution  to  the  filtrate  to 
aid  in  more  accurate  pipetting  of  the  sample  aliquots.  Iron  pres¬ 
ent  in  appreciable  amounts  forms  a  troublesome  greenish-blue 
complex  with  cyanide.  This  may  be  avoided  by  treating  the 
warm  solutions  with  potassium  hydrogen  phosphate,  the  pre¬ 
cipitated  iron  phosphate  being  removed  in  the  subsequent  filtra¬ 
tion. 

Treatment  with  Cyanogen  Bromide  and  Aniline.  Six  25- 
ml.  glass-stoppered  graduates  are  labeled  1,  2,  3,  4,  5,  and  6. 
Graduates  1  and  2  are  reagent  blanks  and  need  to  be  repeated  only 
once  or  twice  daily,  3  is  a  solution  blank,  4  is  the  sample,  and  5 
and  6  are  the  sample  to  which  known  amounts  of  nicotinic  acid  or 
amide  are  added.  If  the  sample  contains  nicotinic  acid,  known 
amounts  of  nicotinic  acid  are  added;  if  the  sample  contains  the 
amide,  known  amounts  of  nicotinamide  are  added.  To  graduates 
1  and  2  are  added  12  ml.  of  distilled  water.  Into  3,  4,  5,  and  6  is 
pipetted  1  ml.  of  the  sample  solution  containing  10  to  30  micro¬ 
grams  of  acid  or  amide  per  ml.  If  the  sample  solution  contains  1 
to  5  micrograms  per  ml.,  10  ml.  of  the  sample  solution  are  used; 
if  5  to  10  micrograms,  5  ml.  are  used.  Eighteen  milliliters  of  dis¬ 
tilled  water  are  added  to  3,  and  distilled  water  is  added  to  4,  5, 
and  6  to  make  a  total  volume  of  12,  11.5,  and  11  ml.,  respectively. 
One-half  milliliter  of  the  standard  solution  (acid  or  amide)  is 
added  to  5,  and  1.0  ml.  of  the  respective  standard  solution  to  6. 
Next,  1  ml.  of  4  per  cent  aniline  solution  is  added  to  each  of  the 
six  graduates,  followed  by  6  ml.  of  the  cyanogen  bromide  reagent. 

It  is  important  to  add  the  aniline  first,  since,  when  cyanogen 
bromide  is  added  first,  the  longer  the  delay  before  adding  the 
aniline  the  more  intense  is  the  maximum  color  developed.  Add¬ 
ing  the  aniline  first,  the  elapsed  time  before  adding  the  cyanogen 
bromide  is  not  critical,  as  is  shown  in  Table  I,  where  the  per  cent 
differences  for  individual  determinations  are  within  the  limits  of 
error  of  the  method — namely,  ±2  per  cent.  Table  II  indicates 
that  in  the  case  of  the  amide  as  great  as  a  50  per  cent  increase  in 
log  IJI  may  be  introduced  by  adding  the  cyanogen  bromide  first 
and  the  aniline  10  minutes  later,  while  a  delay  of  8  minutes  intro¬ 
duces  an  increase  of  12  per  cent  in  the  case  of  nicotinic  acid. 
Advantage  has  been  taken  of  this  increase  in  photometric  density 
in  the  collaborative  method  described  by  Melnick  (4)  for  the 
determination  of  nicotinic  acid  in  cereal  products.  In  this 
method  the  cyanogen  bromide  is  added  first,  followed  in  exactly 
10  minutes  by  the  addition  of  the  aniline  reagent.  The  data  in 
Table  II,  column  5,  show  the  importance  of  exact  timing  when 
this  procedure  is  followed. 

As  soon  as  cyanogen  bromide  reagent  is  added,  the  time  is 
noted  and  the  solutions  are  well  mixed  and  immediately  placed  in 
specially  matched  test  tubes.  The  change  in  per  cent  transmis¬ 
sion  with  time  is  measured  on  an  Evelyn  photoelectric  colorimeter 
with  a  420  m/j.  filter.  Solutions  1  and  2  are  read  against  water  as  a 
blank — i.  e.,  the  galvanometer  is  adjusted  to  100  per  cent  trans¬ 
mission  with  distilled  water.  Solution  3  is  used  to  adjust  the 
galvanometer  to  100  per  cent  transmission  before  measuring  solu¬ 
tions  4,  5,  and  6  in  order  to  compensate  for  the  color  of  the  original 
sample  solution.  In  the  case  of  an  unknown  sample,  it  is  neces¬ 
sary  to  make  a  complete  series  of  transmission  measurements  from 


15  seconds  to  8  minutes  in  order  to  ascertain  the  nature  of  the 
sample.  However,  in  the  case  of  samples  with  known  history  it 
is  only  necessary  to  have  each  solution  in  the  instrument  in  time 
to  take  readings  before  the  maximum  is  reached,  in  order  to  be 
certain  that  a  measurement  is  made  at  the  maximum  intensity. 
This  is  particularly  important  in  the  case  of  the  amide,  as  is  seen 
in  Figure  1. 

Treatment  of  Results.  In  using  an  instrument  such  as 
the  Evelyn  photoelectric  colorimeter,  the  measurements  are 
made  as  per  cent  transmission  which  are  converted  to  extinc- 


coefficients  of  the  reagent  blanks  (solutions  1  and  2)  is  then 
subtracted  from  the  extinction  coefficients  of  sample  solutions 
4,  5,  and  6.  These  corrected  extinction  coefficients  are  plotted 
as  ordinates  against  the  added  amounts  of  nicotinic  acid  or 
amide  as  abscissas.  Since  it  has  been  found  that  Beer’s  law 
holds  for  these  concentrations,  the  three  points  at  0,  12.5, 
and  25  micrograms  of  added  nicotinamide  or  acid  will  deter¬ 
mine  a  straight  line.  Extrapolation  of  this  straight  line 
through  the  abscissa  gives  the  amount  of  nicotinic  acid  or  nico¬ 
tinamide,  as  the  case  may  be,  originally  present  in  the  sample 
aliquot.  By  careful  technique  results  may  be  checked  to 
within  ±2  per  cent.  As  stated  by  Harris  and  Raymond  (2), 
the  advantage  of  treating  results  in  this  manner  lies  in  the 
fact  that  while  the  slope  of  the  line  may  vary  somewhat  with 
different  samples  because  of  variations  in  pH,  salt  concentra¬ 
tion,  etc.,  yet  the  three  points  will  still  determine  a  straight 
line  from  which  an  accurate  determination  may  be  made. 


Table  II.  Effect  of  Time  Delay  in  Adding  Aniline 
Following  Addition  of  Cyanogen  Bromide 


Time“ 

Log  for  50  tig. 

of  Nicotinamide 

Change 
in  Log  y? 

Log  f°r  50  Mg- 

of  Nicotinic  Acid 

Change 
.  T  1 0 
in  Log  j. 

Min. 

0 

0.195 

% 

0.00 

0.295 

% 

0.00 

1 

0.207 

+  6.02 

0.308 

+  4.38 

2 

0.222 

+  14.03 

0.308 

+  4.38 

4 

0.238 

+22.33 

0.315 

+  6.64 

5 

0.246 

+26.11 

8 

o!  333 

+  12 '.82 

10 

0 '298 

+  52 !  62 

16 

0 .364 

+23^45 

°  Elapsed  time  between  addition  of  cyanogen  bromide  and  aniline. 


In  the  analysis  of  samples  containing  both  nicotinamide  and 
nicotinic  acid,  the  samples  are  first  run  directly  as  the  amide 
and  then  following  hydrolysis  determined  as  total  nicotinic 
acid.  By  use  of  Equation  1  the  amounts  of  nicotinic  acid  and 
nicotinamide  may  be  determined. 

Let  T  =  total  micrograms  of  nicotinic  acid  plus  nicotinamide 
as  determined  on  an  aliquot  of  the  hydrolyzed 
sample 

x  =  micrograms  of  nicotinamide  originally  present  in  an 
equal  sample  aliquot 

y  =  micrograms  of  nicotinic  acid  originally  present  in  an 
equal  sample  aliquot 

z  =  micrograms  determined  as  amide  before  hydrolysis  on 
an  equal  sample  aliquot 

K  =  ratio  of  the  maximum  extinction  of  the  acid  to  that  of 
an  equal  quantity  of  amide  at  time  of  maximum 
amide  intensity  as  obtained  from  time-reaction 
curves  of  standard  nicotinic  acid  and  nicotinamide 
solution  similar  to  Figure  1 


Since  the  micrograms  determined  as  amide  before  hydroly¬ 
sis  are  equal  to  the  actual  micrograms  of  nicotinamide  plus 
the  micrograms  of  nicotinic  acid  times  the  factor  K,  the 
following  equation  may  be  written: 

z  =  T  -  y  +  Ky 
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from  which  y  may  be  determined,  giving  the  micrograms  of 
nicotinic  acid,  while  y  subtracted  from  T  gives  the  micrograms 
of  nicotinamide  present  in  the  sample  aliquot. 

Small  experimental  errors  in  the  determination  of  2  or  T 
or  both  become  magnified  in  solving  for  x  and  y.  As  a  result, 
individual  determinations  for  nicotinic  acid  and  nicotinamide 
in  materials  containing  both  forms  may  differ  from  one 
another  by  as  much  as  10  or  15  per  cent. 


Table  III. 

Extinctions  of  Equimolecular  Quantities 

Compound 

Equimolecular 

Weights 

MS- 

r  U 

Log  j 

Time® 

Sec. 

Nicotinic  acid 

50.0 

0.295 

360-420 

Nicotinamide 

49.6 

0.195 

210 

Pyridine 

32.0 

0.248 

87 

/3-Picoline 

38.0 

0.111 

28 

a  Length  of  time  for  development  of  maximum  extinction. 


Discussion 

In  Figure  1  time-reaction  curves  are  given  for  /3-picoline 
and  pyridine  as  well  as  for  nicotinic  acid  and  nicotinamide. 
A  comparison  of  these  curves  shows  that  the  more  polar  the 
group  on  the  beta-carbon  atom  of  the  pyridine  nucleus  the 
longer  the  time  required  for  maximum  development  of  color 
and  the  more  stable  the  color  produced.  These  results  indi¬ 
cate  that  the  nature  of  the  group  on  the  beta-carbon  atom  of 
the  pyridine  nucleus  exerts  a  decided  influence  on  the  mecha¬ 
nism  of  the  dianil  reaction  and  on  the  intensity  of  the  color  of 
the  resulting  compound.  In  Figure  1  maximum  extinction 
coefficients  are  plotted  for  equal  quantities  of  compounds 
namely,  50  micrograms.  Maximum  extinction  coefficients 
for  equimolecular  quantities  of  the  four  compounds  have 
been  calculated  from  Figure  1  and  tabulated  in  Table  III. 
On  an  equimolecular  basis  the  intensity  of  the  color  produced 
by  these  four  compounds  decreases  in  the  following  order: 


nicotinic  acid,  nicotinamide,  pyridine,  and  /3-picohne.  This 
is  the  same  order  as  reported  by  Melnick,  Robinson,  and 
Field  (<?). 

Summary 

A  method  for  the  direct  quantitative  analysis  of  com¬ 
pounded  vitamin  mixtures  for  nicotinamide  has  been  de¬ 
scribed,  which  has  been  used  successfully  in  the  analysis  of 
several  hundred  samples  during  the  past  year.  Time-reaction 
measurements  of  the  color  produced  by  the  Konig  reaction, 
using  the  reagents  cyanogen  bromide  and  aniline,  form  the 
basis  of  the  method.  The  relationship  between  maximum 
extinction  coefficients  and  time  for  their  development  has 
been  found  to  be  distinctly  characteristic  for  nicotinic  acid 
and  nicotinamide  as  well  as  for  pyridine  and  /3-picoline. 

A  delay  of  a  few  minutes  in  the  addition  of  aniline  following 
the  addition  of  cyanogen  bromide  introduces  considerable 
error,  while  as  much  as  a  15-minute  delay  in  adding  cyanogen 
bromide  after  first  adding  the  aniline  does  not  introduce  an 
appreciable  error. 

Results  obtained  by  this  method  have  been  found  to  be  re¬ 
producible  to  within  =*=2  per  cent  for  the  direct  quantitative 
determination  of  either  nicotinic  acid  or  nicotinamide  in  vita¬ 
min  mixtures. 
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Chemical  Differentiation  between  Niacinamide 
and  Niacin  in  Pharmaceutical  Products' 

DANIEL  MELNICK  and  BERNARD  L.  OSER 
Food  Research  Laboratories,  Inc.,  Long  Island  City,  N.  Y. 


rriHE  microbiological  method  of  Snell  and  Wright  in  its 
_L  existing  forms  ( 1 ,  2,  5)  does  not  distinguish  between  nia¬ 
cin  and  niacinamide,  since  both  compounds  exert  the  same 
microbiological  stimulatory  effects  (5).  By  taking  advantage 
of  the  relative  reaction  rates,  the  chemical  method  offers  a 
means  of  differentiating  between  the  free  acid  and  the  amide. 
This  distinction  is  of  no  little  importance,  since  niacin  pro¬ 
duces  in  many  individuals  an  uncomfortable  sensation  of 
flushing  and  erythema  of  the  skin;  moreover,  the  amide  is 
more  expensive.  In  the  chemical  method  ( 2 ,  3)  the  samples 
are  first  subjected  to  acid  hydrolysis  to  convert  biologically 
active  niacin  derivatives  to  free  niacin.  Niacinamide,  how¬ 
ever,  reacts  with  the  reagents  prior  to  hydrolysis  to  yield  the 
same  color  as  niacin  but  of  lesser  intensity  (5) .  Niacinamide, 
like  niacin,  is  quantitatively  adsorbed  on  and  eluted  from 
Lloyd’s  reagent  and  neither  is  lost  during  the  lead  hydroxide 

1  See  Editor’s  note  on  page  352. 


clarification  procedure  (2).  The  color  reactions  due  to  these 
two  compounds  in  one  solution  are  additive. 

When  the  color  reaction  is  carried  out  according  to  the 
collaborative  chemical  procedure  ( 2 ),  the  maximal  color  de¬ 
veloped  (the  photometric  density  3  to  8  minutes  after  the 
addition  of  the  aniline  reagent)  is  35  to  40  per  cent  greater 
with  niacin  than  with  an  equivalent  amount  of  niacinamide. 
With  the  latter,  the  maximal  photometric  density  develops 
in  approximately  2.5  minutes  but  is  stable  for  only  30  seconds. 
If  the  cyanogen  bromide  and  aniline  reagents  are  added  in 
rapid  sequence  as  in  the  method  of  Melnick  and  Field  (8) 
i.  e.,  omitting  the  10-minute  period  during  which  the  cyano¬ 
gen  bromide  alone  is  allowed  to  react — the  sensitivity  of  the 
method  for  niacin  is  reduced  by  30  to  35  per  cent,  but  the 
maximal  color  due  to  reacted  niacin  is  now  practically  twice 
that  of  reacted  niacinamide.  Figure  1  shows  these  differences 
in  reaction  rates.  Readings  were  taken  at  15-second  intervals 
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in  an  Evelyn  photoelectric  colorimeter  (Rubicon  Company, 
Philadelphia,  Penna.)  with  filter  420. 

In  conducting  a  test  for  differentiating  niacin  from  niacin¬ 
amide,  the  material  is  tested  before  and  after  acid  hydrolysis. 
The  molecular  weights  of  niacin  and  niacinamide  are  almost 
the  same,  123  and  122,  respectively.  The  details  for  the 


TIME  IN  MINUTES 


Figure  1.  Time-Reaction  Curves 

10-microgram  quantities  of  niacin  and  niacinamide  with  cyanogen  bromide 
and  aniline  reagents. 

I.  Reagents  added  in  rapid  sequence  (3) 

II.  Cyanogen  bromide  allowed  to  react  with  vitamin  for  10  minutes 
before  addition  of  aniline  reagent  (£) 


preparation  of  the  reagents,  the  hydrolysis,  subsequent  clari¬ 
fication,  and  the  setting  up  of  the  solutions  for  the  color 
development  have  been  described  in  detail  elsewhere  ( 2 ). 
The  final  color  development,  however,  follows  the  earlier 
method  of  Melnick  and  Field  (S) .  [For  the  first  test  of  total 
niacin  content  the  collaborative  chemical  procedure  (2)  may 
be  used.  However,  for  testing  the  unhydrolyzed  sample  the 
addition  of  the  reagents  in  rapid  sequence  ( 3 )  is  preferred,  in 
order  that  the  photometric  densities  of  reacted  niacin  and 
niacinamide  may  show  a  bigger  difference.  The  readings 
should  be  taken  periodically  during  the  color  development, 
since  maximal  constant  values  are  required  for  the  calculation 
and  the  reaction,  particularly  with  niacinamide,  fades  rapidly 
once  the  maximum  is  attained.] 


Typical  Calculation 

Test  substance:  vitamin  capsule  subjected  to  acid  hydrolysis. 

Preparation  of  test  solution:  20  capsules  dissolved  in  200  ml. 
of  water;  1-ml.  aliquot  carried  through  the  collaborative  chemical 
method  {2)  but  the  maximal  yellow  color  due  to  reacted  niacin 
measured  after  the  cyanogen  bromide  and  aniline  reagents  were 
added  in  rapid  sequence  (5). 

Eight  milliliters  of  the  final  neutralized  supernatant  solution 
are  diluted  to  10  ml.  and  3-ml.  aliquots  taken  for  testing. 

0.016  =  photometric  density  of  the  blank 

0 . 438  =  photometric  density  of  the  test  solution 

0.699  =  photometric  density  of  the  test  solution  containing 
10  jug.  of  added  niacin 


Then 

0.438  —  0.016  =  0.422  photometric  density  due  to  reacted 
niacin 

0.699  —  0.438  =  0.261  photometric  density  due  to  10  Mg.  of 
reacted  niacin 

0.422/0.261  X  10  =  16.2  Mg-  of  niacin  in  3-ml.  aliquot  of  test 
solution 

16.2  X  10/3  X  15/8  X  1000/1  X  1/10  X  1/1000  =  10.1  mg. 
of  total  niacin  per  capsule 

Test  for  niacinamide:  repeat  above,  omitting  acid  hydrolysis 

0 . 000  =  photometric  density  of  the  blank 

0.216  =  photometric  density  of  test  solution 

0.475  =  photometric  density  of  test  solution  containing  10  Mg- 
of  added  niacin 

0.216  —  0.000  =  0.216  photometric  density  due  to  reacted 
niacin  compounds 

0.475  —  0.216  =  0.259  photometric  density  due  to  10  Mg-  of 
added  niacin 

0.216/0.259  X  10  =  8.3  Mg.  of  apparent  niacin  in  sample 

8.3  X  10/3  X  15/8  X  1000/1  X  1/10  X  1/1000  =  5.2  mg.  of 
apparent  niacin  per  capsule 

Since  this  is  one  half  of  the  total  niacin,  found  after  hydrolysis, 
the  material  is  present  in  the  capsule  entirely  as  niacinamide. 

Had  the  above  value  for  apparent  niacin  been  7.0  mg.  per  cap¬ 
sule,  then 

10.1  -  7.0  =  3.1 
2 

6 . 2  mg.  of  niacinamide  per  capsule 


and  10.1—6.2  =  3.9  mg.  of  niacin  per  capsule 

Some  latitude  (±15  per  cent)  should  be  allowed  in  inter¬ 
preting  the  results,  since  the  accuracy  of  the  partition  of  the 
niacin  ingredient  is  dependent  upon  the  precision  of  two  assays 
and  errors  may  be  additive. 

In  testing  samples  such  as  pure  niacin,  niacinamide,  or 
mixtures  of  the  two,  clear  colorless  solutions  are  obtained; 
the  adsorption-elution  and  decolorization  procedures  are  then 
omitted.  Greater  precision  is  also  obtained.  For  determina¬ 
tions  conducted  on  pure  niacin  or  niacinamide  preparations, 
direct  reference  to  the  reaction  curves  in  Figure  1  may  suffice 
to  identify  and  allow  rapid  quantitative  estimation  of  the 
compound  with  a  good  degree  of  precision  ( ±  2  per  cent) . 

The  nicotinamide-containing  coenzymes  fail  to  yield  a 
yellow  reaction  product  with  the  reagents  unless  first  hydro¬ 
lyzed.  Nicotinuric  acid  reacts  with  the  reagents  to  yield  some 
color  prior  to  hydrolysis.  Strong  acid  hydrolysis  is  required 
to  convert  it  quantitatively  to  free  niacin  (4).  However, 
these  compounds  are  not  readily  available.  The  test  pro¬ 
cedure  described  is  intended  for  use  only  in  assaying  the 
niacin  ingredient  in  vitamin  capsules  and  tablets  containing 
the  synthetic  vitamin. 
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Determination  of  Microquantities 
of  Certain  Proteins 

A  Colorimetic  Method 

DAVID  PRESSMAN,  California  Institute  of  Technology,  Pasadena,  Calif. 


IN  CONNECTION  with  studies  of  serological  reactions 
(5)  it  was  necessary  to  have  a  simple  and  rapid  method  for 
determining  quantitatively  small  amounts  (from  10  to  1000 
micrograms)  of  specifically  precipitated  antibody  globulin 
which  would  permit  a  large  number  of  determinations  in  a 
short  time.  A  colorimetric  method  using  the  Folin-Ciocalt^u 
phenol  reagent  ( 8 )  was  finally  chosen.  The  modification  of 
heating  the  protein  in  alkaline  solution  before  the  addition 
of  the  phenol  reagent  to  increase  the  intensity  of  the  color 
{1 ,  4)  was  also  adopted. 

The  phenol  reagent  reacts  with  the  chromogenic  reducing 
groups  of  proteins  in  basic  solution  to  give  a  blue  color.  How¬ 
ever,  the  phenol  reagent  is  decomposed  rapidly  by  alkali,  and 
thus  the  color  developed  depends  on  the  relative  rates  of 
reaction  of  the  phenol  reagent  with  protein  and  with  alkali. 
In  most  cases  the  protein  does  not  react  completely,  and  this 
cannot  be  remedied  by  use  of  larger  amounts  of  the  reagents, 
since  then  white  precipitates  form  rapidly.  Therefore,  an 
empirical  procedure  which  would  give  reproducible  results 
was  developed,  and  the  effect  of  pertinent  variations  was 
studied. 

Procedure 

Add  from  a  buret  2.5  ml.  of  1.00  N  sodium  hydroxide  solution 
to  10  to  1000  gg.  of  the  protein  sample  in  a  calibrated  15-ml. 
centrifuge  tube  and  bring  to  a  volume  of  7.5  ml.  with  distilled 
water.  Specific  precipitates  dissolve  readily  in  this  solution. 
Heat  in  a  boiling  water  bath  from  5  to  10  minutes  and  cool  to 
about  25°  C.  in  running  tap  water.  Add  rapidly  2.5  ml.  of  the 
phenol  reagent  (prepared  as  described  by  Folin  and  Ciocalteu,  8, 
and  diluted  with  two  volumes  of  water)  and  shake  well  immedi¬ 
ately.  A  clean  rubber  stopper  may  be  used  during  the  shaking 
without  affecting  the  color.  Let  stand  10  minutes  for  color  de¬ 
velopment  and  read  the  color  intensity  with  a  Klett-Summerson 
photoelectric  colorimeter,  using  a  red  filter  transmitting  640  to 
700  m/i4.  If  the  reading  is  above  450  units,  dilute  the  solution 
two-  or  fourfold  and  multiply  the  observed  reading  by  the  dilution 
factor.  Make  a  blank  run  at  the  same  time,  omitting  the  pro¬ 
tein,  and  subtract  the  blank  reading  (10  to  15  units)  from  the  pro¬ 
tein  color  reading.  Read  the  amount  of  protein  present  from  a 
plot,  such  as  that  in  Figure  1,  of  the  corrected  color  reading  against 
the  weight  of  protein. 

The  author  has  found  it  convenient  to  run  the  determina¬ 
tions  in  sets  of  twelve.  By  staggering  the  sets,  one  man  can 
average  40  analyses  per  hour  or  two  men  can  average  100 
analyses  per  hour  with  a  single  instrument. 

Using  simple  substances  as  antigens  ( 5 ),  the  author  found 
that  the  antigen  usually  has  a  negligible  chromogenic  value. 
When  colored  proteins  are  used  as  antigens,  the  amount  of 
antigen  in  the  precipitate  can  be  determined  colorimetrically 
before  the  addition  of  the  phenol  reagent  and  a  correction 
can  be  made  for  the  chromogenic  value  of  the  antigen. 

Although  the  same  amounts  of  different  proteins  have  dif¬ 
ferent  chromogenic  values,  the  plots  are  similar.  By  changing 
the  protein  scale  (abscissa),  the  plots  can  be  made  the  same 
for  rabbit  globulin,  bovine  globulin,  crystalline  ovalbumin, 
and  whole  rabbit  serum. 

The  plot  of  Figure  1  was  made  for  rabbit  serum  globulin 
(rabbit  anticrystalline  ovalbumin)  by  the  following  pro¬ 
cedure  : 

A  solution  of  ovalbumin  of  known  concentration  as  determined 
by  Kjeldahl  analysis  (6)  was  added  to  an  excess  of  rabbit  anti¬ 


ovalbumin  serum  and  the  mixture  was  permitted  to  stand  over¬ 
night  in  the  refrigerator.  The  precipitate  ( ca .  12  mg.)  was  washed 
three  times  with  20-ml.  portions  of  0.9  per  cent  saline,  dissolved 
in  1.00  N  sodium  hydroxide  solution,  and  made  up  to  a  definite 
volume  as  a  stock  solution.  Aliquots  of  this  solution  were 
analyzed  by  the  Kjeldahl  method  for  nitrogen  and  the  amount  of 
protein  was  calculated  by  multiplying  the  weight  of  nitrogen  by 
the  factor  6.25.  Dilutions  of  the  stock  protein  solution  were 
made  and  analyzed  colorimetrically  by  the  method  outlined 
above.  The  amounts  of  protein  and  the  color  readings  were 
corrected  for  the  small  amount  of  ovalbumin  present.  All  the 
ovalbumin  added  was  assumed  to  be  in  the  precipitate,  since  the 
precipitate  was  obtained  in  the  region  of  antibody  excess.  The 
experimental  points  used  in  Figure  1  were  run  in  duplicate  with 
average  deviation  of  ±  1.5  per  cent. 

The  phenol  reagent  was  checked  from  time  to  time  against  a 
standard  solution  of  tyrosine  in  hydrochloric  acid  stabilized  with 
formalin,  as  described  by  Anson  (8),  and  was  found  to  give  the 
same  color  intensity  over  a  period  of  4  months  and  for  three 
different  preparations  of  the  reagent.  This  indicates  the  sta¬ 
bility  and  the  reproducibility  of  the  reagent. 

In  order  to  check  the  effect  of  variations  from  the  chosen 
procedure,  experiments  were  carried  out  to  study  the  effect  of 
varying  the  amount  of  sodium  hydroxide  used;  the  amount 
of  phenol  reagent  used;  the  length  of  time  of  exposure  to 
sodium  hydroxide  before,  during,  and  after  heating;  the 
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Figure  1.  Plot  of  Colorimeter  Reading  against 
Weight  of  Rabbit  Antibody  Globulin 
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Table  I.  Effect  of  Concentration  of  Reagents 


(4  ml.  of  stock  globulin  solution) 


Phenol 

Color'1 

NaOH 

Reagent 

Reading 

Ml. 

Ml. 

2.5 

1.8 

305 

2.5 

1.9 

300 

2.5 

2.0 

323 

2.5 

2.1 

340 

2.5 

2.2 

350 

2.5 

2.3 

355 

2.5 

2.4 

370 

2.5 

2.5 

398 

2.5 

2.6 

378 

2.5 

2.7 

380 

2.5 

2.8 

365 

2.5 

2.9 

320 

2.5 

3.0 

285 

2.5 

3.1 

240 

2.5 

3.2 

234 

1.8 

2.5 

188 

1.9 

2.5 

218 

2.0 

2.5 

242 

2.1 

2.5 

308 

2.2 

2.5 

355 

2.3 

2.5 

390 

2.4 

2.5 

397 

2.5 

2.5 

400 

2.6 

2.5 

390 

2.7 

2.5 

373 

2.8 

2.5 

358 

2.9 

2.5 

350 

3.0 

2.5 

345 

3.1 

2.5 

330 

3.2 

2.5 

327 

1.0 

1.0 

1976 

2.0 

2.0 

2256 

3.0 

3.0 

244  6 

4.0 

4.0 

Ppt.  formed  6 

Average  of  two  determinations  with  average  deviation  of  2.0%. 

b  One-half  amount  of  protein  used. 


length  of  time  of  reaction  with  the  phenol  reagent ;  the  tem¬ 
perature  of  the  reactants;  and  the  mode  of  addition  of  the 
phenol  reagent.  The  effect  of  omitting  the  heating  step  was 
also  studied.  The  experiments  were  carried  out  with  a  stock 
solution  of  bovine  globulin  and  the  volumes  and  time  inter¬ 
vals  used  were  the  same  as  those  in  the  chosen  procedure  ex¬ 
cept  for  the  specific  variation  studied. 

Effect  of  Variations 

The  effect  of  the  concentration  of  the  reagents  was  deter¬ 
mined  by  varying  each  while  the  other  was  kept  constant 
(Table  I).  It  is  evident  that  the  maximum  color  develops 
with  equal  volumes  of  the  phenol  reagent  and  sodium  hy¬ 
droxide,  and  that  a  slight  error  (less  than  0.05  ml.)  in  the 
amount  of  either  of  the  reagents  added  would  have  very  little 
effect  on  the  reading.  The  last  four  determinations  in  Table  I 
indicate  that  the  depth  of  color  increases  with  increasing 
amounts  of  both  reagents  but  that  at  high  concentrations  a 
white  precipitate  forms  too  rapidly.  This  does  not  take  place 
nearly  so  rapidly  with  lower  concentrations.  That  increased 
amounts  of  reagents  give  increased  readings  shows  that  the 
protein  has  not  reacted  as  completely  as  is  possible. 

The  effect  of  time  of  exposure  to  sodium  hydroxide  before, 
during,  and  after  heating  is  shown  in  Table  II.  The  protein 
solution  can  stand  with  the  sodium  hydroxide  at  least  4  hours 
before  heating  or  5  hours  after  heating  without  changing  the 
final  color  value.  The  heating  may  continue  from  3  to  14 
minutes. 

The  concentration  of  sodium  hydroxide  during  the  10- 
minute  heating  period  is  unimportant,  since  heating  5  ml.  of 
protein  solution  with  0.5,  1.0,  1.5,  2.0,  or  2.5  ml.  of  sodium 
hydroxide  solution,  followed  by  the  subsequent  addition  of 
the  remainder  of  the  sodium  hydroxide  solution  after  cooling, 
gives  identical  final  color  readings. 

The  color  value  should  not  be  read  for  at  least  10  minutes 
after  the  addition  of  the  phenol  reagent,  as  is  shown  in  Table 
III.  The  reading  is  then  constant  until  a  white  precipitate 


begins  to  form.  The  time  of  formation  of  this  precipitate  is 
variable.  It  probably  is  a  supersaturation  phenomenon, 
since  traces  of  the  precipitate  greatly  increase  the  rate  of 
precipitate  formation. 

The  temperature  at  which  the  mixing  takes  place  was  varied 
(Table  IV).  Apparently  the  optimum  temperature  is  room 
temperature,  20°  to  25°  C.  The  rate  of  addition  of  the 
phenol  reagent  is  important,  since  adding  the  reagent  with 
stirring  in  small  portions  over  a  period  of  1  minute  increased 
the  color  intensity  by  over  10  per  cent.  However,  adding  the 
reagent  rapidly,  all  in  one  portion,  followed  by  shaking  im¬ 
mediately  or  even  1  minute  later  gave  constant  results. 

If  the  heating  step  is  omitted,  the  optimum  volume  ratio 
of  phenol  reagent  to  sodium  hydroxide  solution  remains  the 
same  and  the  rate  of  color  formation  is  similar  to  that  when  the 
solution  is  heated,  but  the  maximum  color  is  20  per  cent  less. 
The  main  difficulty  incurred  when  the  heating  is  omitted  is 


Table  II.  Effect  of  Exposure  to  Sodium  Hydroxide 

BEFORE,  DURING,  AND  AFTER  HEATING 


(5  ml.  of  stock  globulin  solution) 


Time 

Time 

Time 

before 

during 

after 

Color0 

Heating 

Heating 

Heating 

Reading 

Min. 

Min. 

Min. 

i 

10 

463 

3 

10 

452 

6 

10 

452 

15 

10 

455 

30 

10 

452 

60 

10 

457 

120 

10 

463 

240 

10 

463 

10 

0 

360 

10 

1 

430 

10 

2 

442 

10 

3 

450 

10 

5 

447 

10 

10 

440 

10 

14 

435 

10 

30 

430 

10 

10 

5 

438 

10 

10 

10 

433 

10 

10 

15 

428 

10 

10 

30 

442 

10 

10 

60 

448 

10 

10 

160 

443 

10 

10 

300 

452 

°  Duplicate  analysis  with  mean  deviation 

±1%. 

Table  III. 

Color  Readings  after  Addition 

of  Phenol 

Reagent 


(5  ml.  of  stock  globulin  solution) 


Color" 

Time 

Reading 

Min. 

1 

327 

2 

365 

4 

410 

6 

432 

8 

445 

10 

457 

12 

467 

14 

472 

16 

477 

18 

472 

20 

Ppt.  forms 

°  Average  of  duplicate  analyses  with  mean  deviation  of  1%. 


Table  IV.  Effect  of  Temperature  of  Mixing 


(5  ml.  of  stock  globulin  solution) 


Temperature 

Color0 

of  Mixing 

Reading 

°  C. 

15 

422 

20 

445 

25 

450 

30 

430 

35 

412 

a  Average  of  duplicate  analyses  with  mean  deviation  of  1%. 
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Table  V.  Effect  of  Standing  with  Sodium  Hydroxide  with¬ 
out  Heating 

(5  ml.  of  stock  globulin  solution) 

Color0 


Time  of  Exposure  Reading 

Min. 

1  353 

3  365 

5  365 

10  378 

15  390 

30  405 

60  423 

120  435 

1440  437 


«  Duplicate  analyses  with  mean  deviation  of  1.5%. 


that  the  color  reading  depends  on  the  time  of  exposure  to 
sodium  hydroxide  for  any  relatively  short  time,  as  shown  in 
Table  V.  This  would  require  that  subsequent  steps  in  the 
analyses  be  delayed  inconveniently  for  at  least  2  hours,  since 
in  the  author’s  work  the  protein  samples  are  precipitates 
which  are  often  slowly  soluble  in  alkali,  and  thus  no  standard 
short  time  could  be  chosen.  Heating  with  alkali  presumably 


denatures  the  protein,  so  that  all  chromogenic  groups  are  ex¬ 
posed,  and  thus  any  slight  denaturation  in  the  handling  or 
aging  of  the  protein  (4)  can  be  neglected. 
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Microdetermination  of  Volatile  Matter 
in  Coal  and  Coal  Products 

MARTIN  NE UWORTH  and  W.  R.  KIRNER 
Coal  Research  Laboratory,  Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


THE  need  for  microdetermination  of  volatile  matter  arose 
in  this  laboratory  in  connection  with  a  study  of  the  com¬ 
bustion  of  pulverized  coal  (6).  Volatile  matter  had  to  be  de¬ 
termined  on  small  amounts  of  physically  similar  particles 
which  had  been  separated  by  microscopic  examination. 
Since  only  small  amounts  of  products  were  available  from  the 
combustion  studies,  the  standard  A.  S.  T.  M.  ( 1 )  procedure 
for  determining  volatile  matter  was  impractical. 

The  method  decided  upon  consists,  essentially,  of  carboni¬ 
zation  of  a  3-mg.  sample  in  a  stream  of  dry,  oxygen-free  nitro¬ 
gen.  The  sample  is  contained  in  a  platinum  microboat  placed 
in  a  quartz  combustion  tube.  Similar  tube  methods  for 
macrodetermination  of  volatile  matter  have  been  described 
in  the  literature  {2,  3,  4).  This  micromethod  offers  the  ad¬ 
vantages  of  introduction  of  the  boat  into  a  cold  part  of  the 
tube,  carbonization  at  a  high  heating  rate,  and  cooling  in  an 
oxygen-free  atmosphere.  Oxidation  of  the  sample  is  thereby 
minimized.  No  attempt  has  been  made  to  obtain  agreement 
with  the  standard  A.  S.  T.  M.  method.  Statistical  analysis 
of  the  results  obtained  by  the  micromethod  on  43  samples 
showed  that  this  procedure  gives  results  as  reproducible  as 
those  obtained  by  the  A.  S.  T.  M.  method.  The  statistical 
analysis  was  similar  to  one  made  on  macro  results  for  volatile 
matter  (5) .  The  limited  data  available  indicate  that  there  is  a 
linear  correlation  between  the  standard  differences  of  duplicate 
analyses  and  the  absolute  level  of  volatile  matter.  The  re¬ 
sults  obtained  by  the  micromethod  are  somewhat  higher, 
owing  to  a  higher  rate  of  heating.  Similar  results  have  been 
observed  previously  (7). 

Apparatus 

The  apparatus  consisted  of  a  quartz  combustion  microtube 
with  a  side  arm.  Nitrogen  was  freed  of  oxygen  by  passage 
through  an  electrically  heated  tube  containing  metallic  copper 


and  then  passed  in  turn  through  a  concentrated  sulfuric  acid 
wash  bottle  and  a  large  U-tube  filled  with  Anhydrone,  which  was 
connected  to  the  side  arm  of  the  combustion  tube.  The  sulfuric 
acid  wash  bottle  served  as  a  bubble  counter.  The  combustion 
tube  was  heated  electrically  by  a  cylindrical  furnace  22.5  cm. 
long  and  11.5  cm.  in  diameter.  "  The  temperature  gradient  along 
the  furnace  was  determined  by  means  of  a  Chromel-Alumel  ther¬ 
mocouple.  Readings  were  taken  at  1.5-cm.  intervals  on  both 
sides  of  the  center  of  the  furnace  with  the  thermocouple  inserted 
in  the  combustion  tube,  nitrogen  flowing  at  10  cc.  per  minute. 
The  maximum  temperature  difference  for  a  length  of  6  cm.  was 
5°  C. 

To  permit  introduction  of  the  boat  in  a  cold  part  of  the  tube, 
the  furnace  was  mounted  on  a  steel  track.  This  permitted  it  to 
slide  laterally  along  the  length  of  the  combustion  tube  and  be  re¬ 
placed  accurately  at  a  given  place  around  the  tube. 

The  boat  was  placed  in  the  tube  and  pushed  to  a  fixed  spot  by 
means  of  a  marked  glass  rod.  This  position  was  at  the  center  of 
the  furnace  when  the  furnace  was  moved  into  position.  To  de¬ 
termine  the  rate  of  heating  of  the  sample  as  it  was  being  carbon¬ 
ized,  “blank”  runs  were  made  with  the  thermocouple  junction 
placed  in  the  same  position  occupied  by  the  boat  in  a  determina¬ 
tion  with  nitrogen  flowing  at  the  standard  rate.  The  tempera¬ 
ture  reached  865  =*=  5°  C.  in  one  minute  and  9o0  =t  5  C.  between 
the  sixth  and  the  tenth  minute.  Temperature  constancy  was 
maintained  by  manual  control  using  a  Varitran  voltage  regulator. 

Method 

Three  milligrams  of  finely  ground  sample  were  spread  uni¬ 
formly  along  the  bottom  of  a  platinum  microboat,  dried  in  a 
Pregl  block  at  115°  C.  for  15  minutes,  and  weighed  on  a  micro¬ 
balance.  The  boat  was  introduced  into  the  combustion  tube 
and  pushed  into  position  with  a  glass  rod.  Dry  nitrogen  was 
passed  through  the  combustion  tube  for  15  minutes  at  10  cc.  per 
minute  to  displace  the  air.  The  furnace  was  then  moved  along 
the  track  to  a  fixed  position  so  that  the  boat  was  now  a,t  the  cen¬ 
ter  position.  At  the  end  of  10  minutes,  measured  with  a  stop 
watch,  the  furnace  was  moved  away  from  the  boat.  The  boat 
was  permitted  to  cool  for  7  minutes,  preliminary  tests  with  a 
thermocouple  having  shown  that  the  temperature  dropped  to 
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Table  I.  Microdetermination  of  Volatile  Matter 


Volatile  Matter 

Volatile  Matter 

Sample 

Dry  basis 

Dry  basis, 

A.  S.  T.  M.  Sample 

Dry  basis 

Dry  basis, 

A.  S.  T.  M. 

Sample 

Coke  1 

% 

1.02 

% 

Coal  residue  5 

% 

10.17 

% 

Coal  1 

1.13 
1.17 
1.04 
1.09 
1.17 
Av.  1 . 10 

Coal  residue  6 

0.99 

9.91 
Av.  10.04 
10.67 
10.61 
Av.  10.64 

Coal  2 

Coke  2  0.84 

0.94 

Av.  0.89  0.39 


Coal  residue  1  1.23 

1.35 
Av.  1.29 


Coal  3 


Coal  residue  2 

1.19 

1.28 

Av. 

1.24 

Coal  residue  3 

1.60 

1.44 

Av. 

1.52 

Coal  4 


Coal  residue  4  2.77 

2.80 
Av.  2 . 79 


Coal  5 


Volatile  Matter  Volatile  Matter 


Dry  basis 

Dry  basis, 

Dry  basis, 

A.  S.  T. 

M.  Sample 

Dry  basis 

A.  S.T.  M. 

% 

% 

% 

% 

17.34 

Coal  6 

38.15 

17.49 

38.35 

17.61 

Av.  38.25 

Av.  17.48 

15.4 

Coal  7 

36.76 

36.93 

36.60 

36.22 
36.06 
Av.  36.14 

37.03 

Coal  8 

30.15 

36.53 

30.43 

36.91 

30.19 

Av.  36.79 

34.3 

Av.  30.26 

38.88 

38.13 

Coal  9 

28.61 

38.26 

28.63 

38.54 

Av.  28.62 

Av.  38.45 

37.5 

Coal  10 

36.53 

38.29 

36.69 

38.49 

36.38 

Av.  38.39 

Av.  36.53 

.. 

38.22 

Coal  resin 

89.12 

38.18 

89.04 

Av.  38.20 

Av.  89.08 

40°  C.  in  this  period.  The  boat  and  residue  were  removed  and 
placed  on  a  cooling  block  for  5  minutes  and  weighed.  In  cases 
of  low  volatile  samples  more  accurate  results  were  obtained  by 
weighing  the  boat  and  residue  in  a  glass-stoppered  pig.  The 
results  on  various  samples  are  indicated  in  Table  I. 

Summary 

A  micromethod  has  been  described  which  has  the  same  re¬ 
producibility  as  the  A.  S.  T.  M.  macroprocedure,  but  gives 
somewhat  higher  results.  Carbonization,  sample  introduc¬ 
tion,  and  sample  removal  occur  under  conditions  which  mini¬ 
mize  air  oxidation.  The  method  can  be  applied  to  samples 


varying  over  a  wide  range  of  volatile  matter  without  modify¬ 
ing  the  technique. 
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New  Reactions  of  2,2  -Dichlorodiethyl  Sulfide 

J.  B.  POLYA,  O.  A.  Mendelsohn  &  Co.,  Melbourne,  Australia 


THE  reaction  of  2,2,-dichlorodiethyl  sulfide  with  the 
chlorides  of  palladium,  gold,  and  other  heavy  metals — es¬ 
pecially  with  palladium  chloride — has  been  used  for  the 
identification  of  this  compound.  Reactions  with  salts  of 
copper  are  not  very  characteristic  under  ordinary  circum¬ 
stances,  but  they  can  be  modified  to  yield  sensitive,  rapid, 
and  simple  methods  for  the  identification  of  2,2'-dichlorodi- 
ethyl  sulfide. 

A  sheet  of  filter  paper  saturated  with  a  2  per  cent  solution  of 
copper  sulfate  in  water,  or  a  saturated  alcoholic  solution  of  copper 
nitrate,  containing  1  to  2  per  cent  of  glycol  or  glycerol,  is  laid 
horizontally  on  a  few  layers  of  clean  filter  paper,  and  dried  at 
room  temperature.  The  reactions  are  more  distinct  if  the 
copper  nitrate  solution  is  used.  Finally,  the  test  paper  is  cut  to 
size  and  stored  in  an  airtight  container. 

The  test  paper  is  not  affected  by  pure  glycol.  Commercial 
glycol  containing  triethanolamine  phosphate  slowly  produces 
a  blue  ring.  Thiodiglycol,  the  parent  compound  of  2,2'- 
dichlorodiethyl  sulfide,  produces  almost  immediately  a  bright 
green  spot  with  a  very  marked  green  border;  0.1  to  0.4  mg. 
of  thiodiglycol  can  easily  be  detected  in  this  way.  The 
sensitivity  of  the  reaction  is  greater  if  the  thiodiglycol  is 
applied  free  of  solvent. 

Hydrochloric  acid  produces  a  very  pale  yellow  spot,  easily 
distinguished  from  the  dark  brown  spot  caused  by  a  mixture 
of  hydrochloric  acid  and  2,2'-dichlorodiethyl  sulfide;  the 


center  of  the  brown  spot  gradually  changes  to  violet.  Less 
than  0.2  mg.  of  2,2/-dichlorodiethyl  sulfide  can  be  recognized 
by  this  reaction. 

The  direct  reaction  of  2,2'-dichlorodiethyl  sulfide  is  not 
entirely  satisfactory  at  lower  concentrations,  but  the  following 
indirect  reaction  is  satisfactory  in  every  respect. 

The  sample  suspected  of  containing  2,2'-dichlorodiethyl  sulfide 
is  extracted  with  ether,  and  the  ether  solution  is  refluxed  with 
normal  alkali  on  a  water  bath  kept  at  about  60°  C.  for  30  minutes. 
If  the  amount  of  2,2'-dichlorodiethyl  sulfide  is  known  to  be 
very  small,  a  few  minutes’  refluxing  wall  suffice.  A  green  color 
will  appear  on  the  test  paper  if  more  than  1  to  2  mg.  of  2,2'- 
dichlorodiethyl  sulfide  is  present. 

To  detect  smaller  quantities,  the  alkaline  solution  is  acidified 
with  dilute  sulfuric  acid  in  the  presence  of  phenolphthalein, 
and  the  slightly  acid  solution  is  diluted  with  5  volumes  of  alcohol. 
The  precipitated  sulfate  is  filtered  and  washed  with  absolute  alco¬ 
hol,  and  a  few  corns  of  anhydrous  sodium  carbonate  are  added  to 
the  filtrate  to  remove  traces  of  acid.  The  test  is  positive  if 
more  than  0.1  to  0.2  mg.  of  2,2'-dichlorodiethyl  sulfide  was 
originally  present. 

The  test  can  be  made  still  more  sensitive  by  removing 
some  or  all  of  the  solvent,  but  it  is  less  sensitive  than  the 
sodium  iodoplatinate  test.  Its  practical  advantage  lies  in 
the  fact  that  the  necessary  reagents  are  easily  procured  and 
the  test  can  be  carried  out  in  poorly  equipped  or  emergency 
laboratories,  or  by  A.  R.  P.  workers  who  are  not  professional 
chemists. 
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Determination  of  the  Precision  of  Analytical 

Control  Methods 

RAYMOND  F.  MORAN,  Westvaco  Chlorine  Products  Corporation,  South  Charleston,  W.  Va. 


For  the  intelligent  control  of  plant  opera¬ 
tions  and  product  quality,  it  is  essential 
that  the  precision  of  the  analytical  control 
methods  be  quantitatively  known.  The  use 
of  statistical  reasoning  based  on  the  stand¬ 
ard  deviation  has  been  found  applicable. 
The  analytical  method  is  first  tested  under 
ideal  conditions  to  find  the  highest  preci¬ 
sion  of  which  the  method  is  capable.  If  this 
precision  is  judged  high  enough,  the 
method  is  then  tested  in  routine  practice  for 
a  year  to  discover  the  variability  under  rou¬ 
tine  laboratory  conditions.  An  Lt/2  (limit 

IT  IS  a  primary  concept  of  nature  that  no  one  physical 
measurement  is  exact.  Only  those  values  that  are  ac¬ 
cepted  by  definition  are  free  from  deviations  in  the  last 
significant  figure.  The  determination  of  the  composition 
of  any  sample  even  by  the  best  known  technique  is  similarly 
influenced  by  the  inability  to  measure  weights,  volumes, 
colors,  chemical  equilibria,  etc.,  with  exactitude.  Practically 
all  analytical  methods  contain  enough  small  constant  errors 
to  make  them  somewhat  empirical.  It  follows  that  some 
differences  will  be  obtained  between  individual  analytical 
results  from  the  same  sample  even  if  the  best  possible  tech¬ 
nique  and  instrumentation  are  used. 

When  the  conditions  that  obtain  in  commercial  control 
laboratories  are  considered,  the  above  concept  becomes  much 
more  important,  since  the  variations  between  personal  ana¬ 
lytical  techniques,  solutions,  apparatus,  and  surrounding 
conditions  are  certain  to  influence  the  precision  of  an  ana¬ 
lytical  method  to  a  considerable  extent.  This  is  true  even  if 
the  method  is  followed  exactly  as  written;  a  departure  from 
standard  instructions  or  error  in  judgment  would  give  further 
deviations  from  the  truth. 

Since  these  variations  are  known  to  exist,  they  are  a  con¬ 
stant  threat  to  good  commercial  operation  or  product  quality 
until  they  are  quantitatively  determined.  An  attempt  to 
control  a  plant  operation  within  0.05  per  cent  of  a  standard 
value  with  a  method  precise  to  but  ±0.5  per  cent  would  ob¬ 
viously  fail,  yet  similar  situations  frequently  occur  in  industry 


of  uncertainty)  can  then  be  calculated 
within  which  routine  analyses  may  be 
guaranteed.  The  average  of  duplicate 
determinations  made  at  the  same  time  does 
not  result  in  as  much  improvement  as  may 
be  theoretically  calculated,  evidently  be¬ 
cause  the  results  are  not  truly  random. 
Normal  control  methods  were  found  to  have 
1.5  to  2.5  as  much  variation  under  routine 
conditions  as  the  same  method  under  the 
best  conditions.  The  use  of  this  method  of 
criticism  has  proved  a  valuable  tool  in  the 
author’s  laboratories. 

because  the  precision  of  the  analytical  method  is  not  known, 
There  also  exists  a  tendency  on  the  part  of  many  engineers, 
sales  personnel,  and  even  chemists  to  treat  a  single  analytical 
result  as  an  exact  quantity  and  to  make  decisions  therefrom 
that  would  be  unjustifiable  if  the  significance  of  the  result 
were  known. 

After  an  extensive  program  of  development  and  refinement 
of  analytical  methods,  this  company  was  faced  with  the  deter¬ 
mination  of  how  well  the  routine  control  laboratories  were 
following  these  new  methods.  Several  years  were  spent  in 
check  sample  work  in  which  standard  samples  were  run  in 
duplicate  by  one  laboratory  and  attempts  were  made  to  check 
these  results  in  another  laboratory.  Although  considerable 
information  was  obtained,  a  great  many  disputable  differ¬ 
ences  arose  that  could  not  be  traced  to  any  assignable  cause. 
One  reason  for  this  disagreement  was  found  to  be  the  use  of 
the  “average  deviation”  as  a  criterion,  since  any  variations 
greater  than  the  criterion  were  treated  as  poor  analyses. 

In  commercial  analytical  practice  speed  is  often  essential 
for  good  control,  even  if  accuracy  and  precision  are  sacrificed. 
It  is  often  expedient  to  employ  nontechnical  personnel  as 
analysts  or  testers  for  routine  determinations.  Any  method 
for  determining  the  precision  of  routine  results  must  be  able 
to  evaluate  these  personnel  factors. 

The  procedure  described  in  this  article  was  developed  in  the 
summer  of  1940  and  has  been  used  throughout  the  company 
with  satisfaction  since  that  time. 
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Table  I.  Precision  of  Method  under  Best  Conditions 

Method:  SC-11-3  of  6-27-41  for  specific  gravity  of  carbon  tetrachloride  by 

pycnometer) 


Test  No. 

Specific  Gravity 
at  25°/4°  C. 

d 

dn-  (X  10“ 

i 

1 . 5849 

-0.00016 

256 

2 

1 . 5851 

+  0.00004 

16 

3 

1 . 5853 

+  0.00024 

576 

4 

1 . 5853 

+  0.00024 

576 

5 

1 . 5850 

-0.00006 

36 

6 

1 . 5849 

-0.00016 

256 

7 

1 . 5847 

-0.00036 

1296 

8 

1.5851 

+0.00004 

16 

9 

1 . 5852 

+  0.00014 

196 

10 

1.5851 

+0.00004 

16 

Av.  = 

X\  =  1 . 58506 

= 

3240  X  10“ 

LUav. 

=  1.58506  -  3(0'°“18) 

vn  = 

T  io 

=  1 . 58489  to 

0.00018  =  <no 

1 . 58523 

a/io 

LUi 


3(0.00018) 

0.923 


0.00059 


Prior  Concepts 

A  number  of  investigators  (2, 8, 5, 6)  have  indicated  that  the 
variations  of  an  analytical  method  may  be  treated  by  statisti¬ 
cal  calculations.  Power  ( 6 )  found  that  over  100  determina¬ 
tions  had  to  be  made  before  the  variability  of  a  micromethod 
for  carbon  could  be  accurately  estimated.  Informative  as 
such  an  extensive  investigation  might  be,  such  a  study  in  a 
commercial  laboratory  would  be  difficult  to  justify  for  eco¬ 
nomic  reasons.  The  two  routines  given  below  use  10  samples 
and  24  samples  to  obtain  the  precision  and  the  results  have 
been  satisfactory  from  the  author’s  point  of  view.  Al¬ 
though  some  of  the  calculations  have  the  surface  appearance 
of  complexity,  the  most  complicated  operation  is  the  extrac¬ 
tion  of  square  roots. 

The  criterion  by  which  the  precision  of  the  method  is  to  be 
expressed  is  of  considerable  importance.  It  may  be  mathe¬ 
matically  proved  that  the  standard  deviation,  <j,  is  the  most 
accurate  measure  of  dispersion  about  an  arithmetical  mean. 
Any  multiple  of  a  may  be  selected  according  to  the  limits  of 
precision  desired. 

Since  the  author  wished  to  express  the  precision  as  the 
limits  within  which  an  analytical  result  could  be  practically 
guaranteed,  the  value  ±3 a  was  chosen.  If  the  variations 
are  distributed  about  the  mean  according  to  chance  and  the 
determinations  are  representative,  the  average  =>=3o-  should 
include  997  out  of  1000  determinations  (1,7).  This  is  equiva¬ 
lent  to  one  result  outside  the  limit  in  a  year’s  routine  of  daily 
analyses  and  was  thought  to  represent  the  precision  in  the 
best  possible  manner  for  commercial  practice.  The  investi¬ 
gator  must  use  some  judgment  before  any  unreserved  guar¬ 
antees  are  given,  since  these  characteristics  of  a  are  strictly 
true  only  for  a  system  of  chance  causes;  but  the  viewpoint 
adopted  was  that  all  variations  are  due  to  chance  until 
the  cause  becomes  known.  By  intelligent  usage  of  the  data 
obtained  from  these  calculations,  variations  due  to  other  than 
chance  causes  may  be  detected  and  subsequently  eliminated. 

Although  the  accuracy  of  a  method  is  of  great  importance,  a 
general  procedure  for  its  determination  cannot  be  described. 
When  a  standard  sample  made  from  known  amounts  of  the 
desired  ingredients  can  be  prepared,  a  definite  measure  of 
accuracy  may  be  determined,  but  such  samples  are  sometimes 
impossible  to  create  with  certainty  because  of  the  nature  of 
the  sample.  Most  commercial  methods  are  more  or  less 
empirical  in  nature  and  are  accurate  by  definition,  their 
purpose  being  to  enable  two  or  more  interested  parties  to 
obtain  substantially  the  same  results  on  the  same  material 
when  analyzed  independently.  All  the  author’s  methods 
were  checked  by  whatever  convenient  means  were  possible, 


such  as  the  use  of  standard  samples,  synthetic  knowns,  checks 
with  standard  methods,  etc.,  and  if  the  limit  of  uncertainty 
of  the  average  (described  below)  bracketed  the  known  result, 
the  method  was  said  to  be  “accurate”  in  a  qualitative  sense. 


Limit  of  Uncertainty  under  the  Best  Conditions 

( LU{ ) 

The  highest  precision  that  can  be  expected  from  an  analyti¬ 
cal  method  is  the  precision  as  shown  by  the  best  available 
technician  working  under  the  most  closely  controlled  condi¬ 
tions.  The  following  procedure  was  prescribed  as  standard 
for  obtaining  a  measure  of  this  precision : 

Prepare  a  synthetic  mixture  that  exactly  reproduces  the  com¬ 
mercial  material  and  contains  a  known  amount  of  the  desired  in¬ 
gredient,  or  select  a  representative  homogeneous  sample  of  the 
commercial  material.  Store  enough  material  for  at  least  fifty 
analyses  in  containers  that  will  prevent  any  change  in  composition 
for  at  least  one  year. 

Select  an  analyst  who  is  well  acquainted  with  the  method,  pref¬ 
erably  the  one  who  developed  the  method. 

Prepare  fresh  reagents,  standardize  all  solutions,  and  calibrate 
all  apparatus  before  making  the  determinations. 

Run  ten  analyses  as  closely  together  as  possible  under  the  most 
favorable  conditions.  Calculate  all  results  to  one  more  place  than 
is  generally  reported.  _ 

Calculate  the  arithmetical  average,  X\,  of  the  ten  analyses. 

Calculate  the  standard  deviation  of  the  results  by  the  use  of  the 
following  equation : 

ZcT2 

10 

where  <r10  =  standard  deviation  from  the  average  shown  by  the 
10  results 

d  =  individual  deviation  of  each  result  from  the  average 

Calculate  the  limit  of  uncertainty  of  the  average,  LUa by  the 
following  equation  ( 1 ): 

LUa,.  =  Xx  ± 


3(710 

a/Io 


Calculate  the  limit  of  uncertainty  of  the  method  under  the  best 
conditions,  LU\,  as  follows  ( 1 ): 


LUi 


,  3(710 

0.923 


Table  I  indicates  the  method  used  for  calculation. 

If  the  sample  is  of  known  composition  and  the  method  is 
accurate,  X\  ±  LUav.  should  bracket  the  known  value.  If 
the  result  differs,  judgment  has  to  be  used  to  decide  whether 
the  method  should  be  improved  until  it  is  accurate  or  a 
standard  correction  should  be  applied  to  all  results.  If  the 
concentration  is  not  known,  the  accuracy  cannot  be  deter¬ 
mined  unless  the  method  is  “accurate  by  definition”  as 
previously  mentioned. 

Since  the  LU i  is  a  measure  of  the  ultimate  precision  of  the 
method  as  written,  a  decision  as  to  the  commercial  applicabil¬ 
ity  of  the  method  can  be  made.  If  the  indicated  precision  is 
high  enough,  the  method  is  ready  for  test  under  routine  condi¬ 
tions,  but  if  it  is  found  too  low  the  method  must  first  be  im¬ 
proved,  since  the  test  under  routine  conditions  is  almost 
certain  to  show  an  even  lower  precision  because  of  the  addi¬ 
tional  sources  of  variation  introduced. 


Limit  of  Uncertainty  under  Routine  Conditions 

C LU 2) 

If  all  the  above  conditions  have  been  satisfied,  the  method 
may  be  tested  under  routine  conditions  by  the  following  pre¬ 
scribed  procedure: 

Use  the  sample  on  which  the  LL\  test  was  made. 

Have  the  sample  analyzed  in  a  routine  manner  by  a  routine 
technician,  preferably  together  writh  routine  plant  samples  of  a 
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similar  nature.  If  possible,  the  technician  should  not  know  the 
prior  results. 

Have  the  sample  analyzed  in  duplicate  each  month  for  one 
year,  using  as  many  different  routine  technicians  as  possible. 

As  soon  as  the  monthly  analyses  have  been  completed,  com¬ 
pare  the  results  with  the  average  and  LTJ\  obtained  during  the 
first  test.  If  the  individual  results  are  within  Xx  +  LU u  allow 
them  to  stand  as  representative.  If  the  results  are  outside  these 
limits,  immediately  check  the  technique,  reagents,  etc.,  so  that 
any  deviation  from  the  method  will  be  discovered  before  the  de¬ 
tails  slip  the  technician’s  mind.  If  an  objective  difference  in 
technique  is  found,  have  the  analyses  rerun  by  the  same  techni¬ 
cian  but  in  the  correct  manner.  If  no  assignable  cause  is  found, 
allow  the  results  to  remain  uncorrected. 

When  the  12-month  accumulation  of  24jinalyses  has  been 

completed,  average  the  24  results  to  obtain  X2.  Also  calculate 
the  average  of  each  month’s  duplicate  tests. 

Calculate  the  standard  deviation  of  the  24  individual  tests, 
a24,  and  the  standard  deviations  of  the  12  monthly  averages, 

G 12* 

Calculate  the  limit  of  uncertainty  of  the  average  as  follows: 


LUav. 


3o"24 

V24 


Calculate  the  limit  of  uncertainty  of  the  method  (7): 


LU2  = 


o  <724 

0.968 


Table  II  illustrates  these  calculations. 

If  the  limit  of  uncertainty  of  the  average  includes  the  known 
value,  the  method  may  be  called  accurate.  If  the  concen¬ 
tration  is  not  known  but  the  method  is  “accurate  by  defini- 


Table  II.  Precision  of  Method  under  Routine  Conditions 

(Method:  SC-11-3  of  6-27-41  for  specific  gravity  of  carbon  tetrachloride  by 
nvcnometer.  Average  of  10  analyses  for  LUi  test  =  1.58506,  LUi  - 

±0.00059) 


Month  Analyst 


January  1 

1 

February  2 

2 

March  1 

1 

April  2 

2 

May  3 

3 

June  4 

4 

July  5 

5 

August  3 

3 

September  3 

3 

October  2 

2 

N  ovember  2 

2 

December  6 

6 

Grand  average  =  Xi 


Deviation  of 

Deviation  of 

Specific 

Individ  ual 

Duplicate 

Gravity 

from  Grand 

Average  from 

at 

Average  of 

Average, 

Grand 

25°/4°  C. 

Duplicates 

di 

Average,  di 

1.5850 

-0.00003 

1.5851 

1.58505 

+0.00007 

+  0.00002 

1 . 5848 

-0.00021 

1 . 5850 

1.58490 

-0.00003 

-0.00013 

1 . 5846 

-0.00043 

1 . 5846 

1.58460 

-0.00043 

-0.00043 

1.5851 

+  0.00007 

1.5851 

1.58510 

+0.00007 

+  0.00007 

1 . 5853 

+  0.00027 

1.5853 

1.58530 

+  0.00027 

+  0.00027 

1 . 5849 

-0.00013 

1 . 5850 

1.58495 

-0.00003 

-0.00008 

1 . 5849 

-0.00013 

1 . 5848 

1 . 58485 

-0.00023 

-0.00018 

1 . 5854 

+  0.00037 

1 . 5854 

1 . 58540 

+  0.00037 

+  0.00037 

1 . 5852 

+  0.00017 

1.5853 

1.58525 

+  0.00027 

+  0.00022 

1 . 5847 

-0.00033 

1.5851 

1.58490 

+  0.00007 

-0.00013 

1 . 5850 

-0.00003 

1 . 5850 

1 . 58500 

-0.00003 

-0.00003 

1 . 5849 

-0.00013 

1.5851 

1 . 58500 

+  0.00007 

-0.00003 

=  1.58503 


Standard  deviation  (individual  determinations) 


0.00022 


Standard  deviation  (duplicate  averages)  =  <712  = 


0.00021 


Limit  of  uncertainty  of  grand  average 


1.58503  ± 


3(724 

v/24 


1.5849  to  1.5852 


Limit  of  uncertainty  of  method  under  routine  conditions 
±0.00068  - ‘  LUi 


3(724 

*0.968 


Ratio  of  improvement  by  duplication  =  — 

(712 


0.00022 

0.00021 


1.05 


Ratio  of 


LUi 

LUi 


0.00068 

0.00059 


1.15 


tion”,  the  limits  of  uncertainty  of  the  averages  under  both 
LU}  and  LU2  conditions  must  overlap  for  approval  of  the 
method.  The  LU2  result  is  the  objective  figure  of  the  whole 
study  and  represents  the  precision  that  may  be  expected 
from  the  method  under  routine  conditions.  Since  997  out  of 
1000  determinations  can  be  expected  to  represent  the  truth 
within  =*=LU2,  this  result  may  be  used  to  judge  whether  the 
method  is  precise  enough  for  routine  control  and  is  a  measure 
of  the  range  within  which  analyses  are  to  be  trusted.  If  the 
LU2  is  judged  small  enough,  the  method  is  approved  for 
routine  but  if  it  is  too  large  for  good  control,  it  must  be  re¬ 
placed  or  amended. 

By  comparison  of  the  LU2  with  the  LUi,  a  measure  of  the 
amount  of  possible  improvement  in  routine  work  is  obtained. 
Since  the  LU\  was  obtained  under  ideal  conditions,  the  LU2 
may  be  brought  closer  to  the  LUX  value  by  further  education 
of  routine  personnel,  intensive  standardization  of  technique 
or  equipment,  closer  temperature  control  during  seasonal 
variations,  etc.,  but  it  might  be  found  that  the  analytical 
method  possesses  inherent  characteristics  that  allow  personal 
variation  that  cannot  be  standardized  without  extensive 
modification  of  the  method.  The  comparison  of  the  stand¬ 
ard  deviations  shown  by  the  individual  analyses  and  the  dup¬ 
licate  averages  represent  the  amount  of  improvement  that 
may  be  obtained  by  the  averaging  of  two  or  more  analyses. 
For  all  these  possibilities  that  may  confront  the  investigator, 
the  LU\  and  LU2  are  excellent  tools  for  guidance. 

Discussion  of  Results 

The  analytical  method  reported  in  Tables  I  and  II  rep¬ 
resents  a  simple  technique  that  is  of  major  importance  to  the 
author’s  laboratories,  since  it  is  a  sensitive  test  for  the  com¬ 
position  and  purity  of  chlorinated  hydrocarbons  and  their 
mixtures.  This  determination  is  made  in  a  25-ml.  pyc¬ 
nometer  containing  an  accurate  thermometer.  The  pycnome¬ 
ter  is  filled  with  the  sample  and  allowed  to  expand  to  near 
equilibrium  temperature  in  a  balance  room.  The  contents 
are  adjusted  to  the  mark,  the  temperature  is  read,  and  the 
pycnometer  is  weighed.  The  indicated  specific  gravity  is 
then  corrected  to  25°/4°  C.  by  means  of  the  appropriate 
factor. 

The  LU  1  test  (Table  I)  indicated  that  this  method  would 
give  results  within  ±0.0006  of  the  mean  in  997  out  of  1000 
trials.  By  comparison  with  plant  control  and  finished  prod¬ 
uct  specifications,  this  indicated  precision  was  found  satis¬ 
factory.  The  average  and  limit  of  uncertainty  of  the  average 
check  closely  with  the  1.5850  at  25°/4°  C.  characteristic  cal¬ 
culated  from  reported  data  for  carbon  tetrachloride  (4). 
Accordingly,  the  method  was  judged  ready  for  the  LU2  test. 

The  LU2  test  (Table  II)  indicated  that  the  method  was  also 
accurate  in  routine  work,  since  the  average  agreed  very  closely 
with  the  previously  obtained  figure.  The  L  U2  was  found  to  be 
±0.0007,  which  was  only  slightly  higher  than  the  LUi  of 
±0.0006  and  represents  very  good  agreement  for  routine 
work.  The  method  was  therefore  judged  satisfactory  for  all 
routine  laboratory  work. 

The  standard  deviation  of  the  averages  of  the  duplicate 
determinations  in  this  study  was  most  enlightening.  If  the 
deviations  were  purely  random,  the  averaging  of  two  inde¬ 
pendent  analyses  should  have  decreased  the  variations  by  a 
factor  of  a/2  or  1.41.  The  actual  improvement  as  shown  by 
the  ratio  of  standard  deviations  was  only  1.05.  This  ratio 
indicated  that  duplicate  analyses  made  at  the  same  time  are 
not  truly  random  but  are  rather  influenced  by  slight  varia¬ 
tions  in  technique  or  surrounding  conditions. 

Table  III  gives  the  over-all  results  from  a  number  of  rep¬ 
resentative  commercial  analytical  methods.  For  each  of 
these  seven  methods  the  precision  shown  by  the  LUX  test 
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appeared  satisfactory.  The  LU2  of  tests  1,  3,  4,  and  5  were 
low  enough  for  the  required  closeness- of  control.  Test  2,  a 
determination  by  a  modified  Volhard  method  for  chlorides, 
indicated  an  LU2  that  was  2.7  times  as  large  as  the  LU\  and 
was  considered  too  variable  for  good  control.  This  method 
was  re-examined  for  possible  improvement.  Tests  6  and  7 
were  obtained  by  a  refined  Engler  distillation  technique,  but 
the  results  were  found  to  be  influenced  by  seasonal  varia¬ 
tions  and  superheating  of  vapors  in  the  flask.  These  methods 
were  also  improved  to  eliminate  these  assignable  causes. 


Commercial  Application 

Because  the  study  is  founded  on  statistical  reasoning  from 
the  comparatively  small  number  of  samples  dictated  by  eco¬ 
nomic  reasoning,  the  results  are  open  to  some  variations  in 
an  absolute  sense.  However,  in  practice  this  objection  has 
been  found  academic,  since  the  study  has  resulted  in  defi¬ 
nite  precision  characteristics  close  enough  for  purposes  of 
refinement  of  methods  and  techniques  and  to  discover  within 
what  limits  routine  analytical  results  are  significant.  The 


Table  III.  Precision  Determinations  of  Representative  Commercial  Analytical  Methods 


No. 

Sample 

Analysis 

LUi 

LUi 

LTJi/LUi 

Improvement 
Ratio  of  Duplicate 
Determinations 

1 

50%  caustic  soda 

NaOH,  % 

NaCl,  % 

±0.078 

±0.147 

1.9 

1.2 

2 

50%  caustic  soda 

±0.0102 

±0.0280 

2.7 

1.0 

3 

50%  caustic  soda 

Carbon  tetrachloride 

Fe,  p.  p.  m. 

±0.77 

±1.00 

1.3 

1.1 

4 

Sp.  gr.  at  25°/4°  C. 

±0.00059 

±0.00068 

1.15 

1.05 

5 

Carbon  bisulfide 

Nonvolatile  residue,  % 

±0.0004 

±0.0008 

2.0 

1.0 

6 

Trichloroethylene 

Boiling  range,  °  C. 

First  drop,  °  C. 

±0  11 

±0.33 

3.0 

1.07 

7 

Trichloroethylene 

±0 . 05 

±0.30 

6.0 

1.07 

In  the  study  of  some  40  basic  analytical  methods  during 
the  last  two  years,  the  following  relationships  were  found 
from  the  LU2/LU\  ratio: 

Ratios  of  1 . 0  to  1 . 5  indicate  that  the  variations  result  mainly 
from  limitations  of  instrumentation. 

Ratios  of  1.5  to  2.5  indicate  normal  relationship  between  analy¬ 
ses  made  under  the  best  conditions  by  one  man  and  analyses  made 
under  routine  laboratory  conditions. 

Ratios  over  2.5  generally  indicate  considerable  personal  and 
seasonal  variations  that  may  be  reduced  without  modification  of 
the  basic  analytical  method. 

Duplicate  determinations  run  at  the  same  time  are  generally 
not  truly  random  and  the  averaging  of  such  results  does  not  im¬ 
prove  the  precision  appreciably.  The  only  justification  for  run¬ 
ning  analyses  in  duplicate  is  the  additional  safeguard  afforded 
against  an  outright  mistake,  such  as  an  error  in  calculation  or  an 
erroneous  weighing. 

Most  commercial  analyses  are  made  on  products  of  ap¬ 
proximately  constant  composition,  so  that  a  measure  of  pre¬ 
cision  may  be  expressed  in  terms  of  the  actual  percentage 
variations  on  the  original  sample  basis.  Whenever  several 
widely  different  levels  of  composition  exist,  it  has  been  found 
desirable  to  make  complete  studies  at  each  level  to  discover 
whether  or  not  the  extent  of  the  variations  is  proportional 
to  the  amount  of  ingredient. 

Procedure  for  Decomposable  Samples 

Several  cases  have  been  encountered  where  the  year’s 
study  was  rendered  impossible  because  of  the  instability  of  the 
samples  or  attack  on  the  containers.  In  this  case  either  one 
of  two  techniques  has  been  used  to  approximate  the  true 
LU2: 

1.  If  the  sample  decomposes  at  a  constant  rate,  the  results 
may  be  plotted  against  time  and  an  average  curve  drawn  through 
the  points.  The  deviations  of  the  individual  results  from  this 
curve  are  used  for  the  calculation. 

2.  If  the  sample  decomposes  in  an  inconstant  manner  or  at¬ 
tacks  its  container  appreciably,  or  if  an  approximate  determina¬ 
tion  of  the  routine  precision  is  desired  rapidly,  a  speedup  of  the 
technique  may  be  used  by  making  the  LU2  tests  during  one  day 
by  as  many  routine  analysts  as  possible.  This  gives  only  an 
approximation  of  the  true  L U2,  because  variations  encountered 
during  a  yearly  study  may  not  be  observed.  It  does  yield  an 
approximation  of  personal  differences. 


procedure  described  is  offered  as  a  tool  for  such  investigation 
and  as  a  standard  method  for  describing  precision. 

The  use  of  standard  samples  in  the  control  laboratory 
has  the  additional  advantages  of  providing  periodical  checks 
on  personal  techniques  and  for  the  education  of  new  labora¬ 
tory  personnel.  Since  the  basis  of  comparison  is  fair,  the 
individual  technician  is  more  likely  to  cooperate  than  if  he  is 
expected  to  duplicate  exactly  a  single  analysis  from  some  out¬ 
side  source. 

These  techniques  have  been  in  use  throughout  this  com¬ 
pany  for  over  two  years  and  have  formed  the  first  common 
bases  for  describing  and  comparing  precision.  They  have 
led  to  the  discovery  and  subsequent  correction  of  many  varia¬ 
tions  previously  not  suspected  and  the  quantitative  evalua¬ 
tion  of  other  deviations  that  were  known  to  exist.  By  the 
judicious  use  of  LU2  figures,  the  men  having  supervision  of 
plant  operation  and  shipping  know  within  what  limits  routine 
analyses  are  to  be  trusted.  Some  similar  procedure  could 
well  be  adopted  as  standard  by  industrial  analytical  chemists 
to  provide  a  mutual  basis  of  understanding  when  describing 
the  precision  of  analytical  methods. 
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Turbidimetric  Determination  of  Small  Amounts 

of  Chlorides 

E.  N.  LUCE,  E.  C.  DENICE,  and  F.  E.  AKERLUND 
The  Dow  Chemical  Company,  Midland,  Mich. 


A  turbidimetric  method,  based  on  the  Tyn¬ 
dall  effect,  is  given  for  the  determination  of 
small  amounts  of  chloride.  The  method  is 
essentially  one  in  which  the  nephelometric 
method  has  been  adapted  to  the  Hellige 
turbidimeter  in  order  to  eliminate  the  dis¬ 


THE  first  accurate  measurements  on  silver  chloride  sus¬ 
pensions  were  made  nephelometrically  by  Richards  and 
Wells  (5).  Lamb,  Carleton,  and  Meldrum  (2)  later  modified 
the  earlier  procedure  for  the  preparation  of  the  suspensions, 
and  the  method  which  they  adapted  to  routine  analysis  has 
been  put  into  general  use  (5).  Kolthoff  and  Yutzy  ( 1 )  made 
a  complete  investigation  of  this  method  and  a  systematic 
study  of  the  various  factors  affecting  the  results  of  nephelo¬ 
metric  chloride  determinations.  From  the  results  obtained 
by  these  and  other  workers,  a  tried  and  tested  nephelometric 
method  has  been  evolved. 

The  nephelometer  was  designed  originally  to  surmount  the 
difficulties  incurred  in  gravimetric  and  volumetric  methods 
for  small  quantities  of  precipitate.  When  applied  to  small 
amounts  of  chloride,  the  nephelometric  method  is  admittedly 
accurate;  but  the  preparation  of  fresh  standards  for  each 
determination  has  been  found  inconvenient  and  time-con¬ 
suming.  Certain  permanent,  artificial  standards  such  as 
kieselguhr,  ground  or  etched  glass,  etc.,  have  been  used,  but 
only  with  limited  success.  Since  the  advent  of  the  nephelom¬ 
eter,  micro  and  semimicro  techniques  have  been  developed; 
and  principally  because  of  the  difficulties  involved  in  the  prep¬ 
aration  of  standards,  low  chlorides  have  most  often  been  de¬ 
termined  by  either  microgravimetric  or  microvolumetric 
methods.  Both  methods  are  time-consuming  and  require 
considerable  equipment  and  special  technique;  as  a  result 
they  are  not  readily  adaptable  to  rapid  routine  work. 

It  is  the  purpose  of  this  paper  to  show  how  the  nephelo¬ 
metric  method  may  be  used  with  the  Hellige  turbidimeter  to 
give  a  rapid  and  reliable  method  for  the  determination  of 
small  amounts  of  chloride.  The  method  is  accurate,  and 
simple  enough  to  be  used  by  one  unskilled  in  the  use  of  elabo¬ 
rate  and  expensive  equipment.  It  is  rapid,  requiring  less  than 
15  minutes’  working  time  per  determination.  A  standard 
curve  (Figure  1),  covering  the  full  range  of  the  instrument, 
may  be  prepared  in  a  few  hours,  and  eliminates  the  need  of 
reference  standards.  The  instrument  is  easy  to  operate,  and 
unique  inasmuch  as  it  combines  the  principles  of  the  turbidime¬ 
ter  and  the  nephelometer.  Its  range  is  greater  than  that  of 
the  turbidimeter  and  equal  to  that  of  the  nephelometer,  and 
its  use  does  not  necessitate  the  preparation  of  fresh  standards 
for  each  determination.  This  greatly  simplifies  the  proce¬ 
dure  by  eliir  mating  possible  errors  due  to  faulty  preparation 
of  individual  standards,  and  also  reduces  the  working  time  to 
less  than  one-half  that  required  for  the  nephelometer. 

The  turbidimeter  used  in  this  investigation  compares  a 
beam  of  light  with  the  Tyndall  effect  produced  from  a  lateral 
illumination  of  the  specimen  by  the  same  light  source.  The 


advantages  of  reference  standards.  The 
method  is  rapid,  requiring  less  than  15 
minutes’  working  time  per  determination, 
and  is  readily  adaptable  to  routine  work. 
The  accuracy  is  comparable  with  that  ob¬ 
tained  with  the  nephelometer. 


beam  of  light  appears  to  the  observer  as  a  circular  spot  in  the 
center  of  the  Tyndall  effect  of  the  illuminated  liquid,  which  is 
seen  as  lighter  or  darker  than  the  Tyndall  light,  depending  on 
the  size  of  the  opening  of  a  precision  slit.  By  matching  the 
brightness  of  the  two  fields,  the  apparatus  may  be  calibrated 
over  a  complete  range  of  chloride  concentrations.  The  con¬ 
struction  and  operation  of  this  instrument  for  measuring  the 
turbidity  of  barium  sulfate  suspensions  have  been  given  in 
complete  detail  by  Sheen,  Kahler,  and  Ross  (4). 

Reagents 

Stock  chloride  solution,  4.12  grams  of  c.  p.  sodium  chloride  per 
liter,  in  distilled  water. 

Diluted  chloride  solution,  10  ml.  of  the  stock  solution  diluted 
to  1  liter  with  distilled  water.  This  solution  contains  25  mg.  of 


Figure  1.  Typical  Calibration  Curves 
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chloride  per  liter;  1  ml.  diluted  to  50  ml.,  as  in  the  procedure, 
gives  a  solution  corresponding  to  0.5  p.  p.  m.  of  chloride. 

Nitric  acid-silver  nitrate  reagent.  A  solution  approximately 
0.2  N  in  nitric  acid  and  0.01  N  in  silver  nitrate  is  prepared  by 
diluting  12.5  ml.  of  concentrated  nitric  acid  to  1  liter  and  adding 
1.70  grams  of  silver  nitrate. 

Absolute  ethanol.  (Standard  curves  have  also  been  prepared 
using  95  per  cent  and  Formula  30  alcohols.) 

A  blank  determination  must  be  made  in  order  to  eliminate  the 
possibility  of  chloride  contamination  from  the  reagents. 


Table  I.  Standardization  of  Instrument 


(20-mm.  optical  cell) 


Chloride 

Standard 

Solution 

No  filter 

—Dial  Readings 
Milk  filter 

Gray  filter 

P.  p.  m. 

5 

Ml. 

10 

72-73 

4 

8 

62-63 

3 

6 

51-52 

2 

4 

36-37 

80-82 

1 

2 

20-21 

45-46 

0.75 

1.5 

15-16 

35-36 

0.50 

1.0 

12 

26 

70 

0.25 

0.5 

7 

16 

48 

Blank  on 
reagents 

8 

21 

Procedure 

Transfer  the  sample  to  a  50-ml.  volumetric  flask,  adjust  the  pH 
with  either  1  N  nitric  acid  or  1  A  sodium  hydroxide  until  the  solu¬ 
tion  is  just  neutral  to  phenolphthalein,  and  add  distilled  water 
until  the  volume  approximates  20  =*=  1  ml.  Add  20  ml.  of  ab¬ 
solute  ethanol  and  then,  dropwise  from  a  pipet,  5  ml.  of  the  nitric 
acid-silver  nitrate  reagent  while  swirling  the  contents  of  the  flask. 
Make  up  to  the  mark  with  absolute  ethanol  and  shake.  If  any 
initial  turbidity  is  found  before  the  addition  of  the  nitric  acid- 
silver  nitrate  reagent,  the  sample  must  be  rejected,  because  tur¬ 
bidity  at  this  point  indicates  contamination. 

Place  the  volumetric  flask  in  a  water  bath  at  40°  C.  for  30 
minutes,  and  then  cool  the  sample  rapidly  to  room  temperature. 
Pour  into  a  20-mm.  optical  cell  (a  manufacturer’s  accessory  for 
the  turbidimeter),  stir  in  an  additional  10  ml.  of  absolute  ethanol, 
and  determine  the  turbidity  as  soon  as  the  bubbles  cease  to  form 
in  the  cell.  The  sample  should  be  read  within  30  minutes  after 
it  has  been  cooled  to  room  temperature.  The  reading  is  com¬ 
pared  with  the  standard  curve,  and  the  amount  of  chloride  cal¬ 
culated. 


Calculation 

Per  cent  of  Cl  —  P-  P-  m-  Cl  (from  the  curve)  X  0.005 
weight  of  sample,  in  grams 


found  that  dial  settings  may  easily  be  made  to  within  =*=1 
unit,  by  either  the  same  or  different  operators.  This  limits 
the  maximum  deviation  to  less  than  3  per  cent  for  all  concen¬ 
trations  of  chloride,  which  is  comparable  with  the  accuracy 
obtained  with  the  nephelometer. 

Kolthoff  and  Yutzy  (1)  determined  the  effect  of  certain 
foreign  ions  on  the  magnitude  of  opalescence  of  silver  chloride 
suspensions.  They  found  that  different  ions  have  different 
effects,  and  these  changes  should  be  taken  into  account  when 
preparing  standard  curves.  If  the  instrument  is  to  be  used  for 
routine  work,  standard  curves  should  be  prepared  by  taking  a 
given  volume  of  the  diluted  standard  chloride  solution,  adding 
an  amount  of  purified  electrolyte  equivalent  to  that  in  the 
sample  to  be  investigated,  diluting  to  20  ml.,  and  then  follow¬ 
ing  the  procedure  given  above.  In  this  way  accurate  curves 
may  be  prepared  for  each  compound  in  which  the  chloride 
content  is  being  determined.  In  many  instances,  however, 
chloride  concentrations  of  0.005  per  cent  or  less  are  of  interest 
to  an  accuracy  of  only  one  significant  figure,  and  a  special 
reference  curve  is  unnecessary. 

The  volumes  of  the  reagents  used  must  be  the  same  as  those 
given  in  the  procedure,  because  the  alcohol  serves  to  decrease 
the  intensity  of  the  opalescence  as  well  as  to  stabilize  the  sus¬ 
pension.  The  final  10  ml.  of  alcohol  which  are  added  have  no 
effect  on  the  suspension  other  than  dilution,  but  are  added  to 
adjust  the  solution  to  the  proper  depth  in  the  20-mm.  optical 
cell.  Other  factors  which  affect  the  opalescence  are  heating, 
time  of  standing,  mixing,  and  relative  concentrations.  Lamb 
and  co-workers  (2)  found  that  the  intensity  approached  a 
maximum  upon  heating  the  suspension  for  30  minutes  at 
40  °  C.,  and  at  that  point  it  remained  stable  for  an  hour.  Higher 
concentrations  are  stable  for  about  0.5  hour.  The  suspension 
should  be  mixed  just  before  it  is  placed  in  the  water  bath  and 
just  before  it  is  read,  as  continuous  mixing  will  cause  the  silver 
chloride  to  coagulate. 

At  present  this  instrument  is  being  used  in  conjunction 
with  the  lamp  combustion  method  for  the  routine  analysis  of 
organic  compounds  for  small  amounts  of  chloride  and  sulfur. 
It  may  also  be  used  to  determine  the  chloride  content  of  wash 
liquors,  and  for  the  routine  checking  of  many  inorganic  com¬ 
pounds  which  contain  traces  of  chloride. 

The  limited  solubility  of  certain  compounds  in  1  to  1  water- 
alcohol  mixtures  makes  the  use  of  acetic  acid  solutions  neces¬ 
sary.  Good  results  may  be  obtained  when  acetic  acid  is  sub¬ 
stituted  for  alcohol,  and  the  standard  curves  may  be  prepared 
by  the  same  procedure  as  given  above. 


Discussion 

The  standard  curves  were  prepared  from  values  obtained 
when  known  volumes  of  the  standard  chloride  solution  were 
treated  in  the  same  way  as  the  sample.  The  dial  readings 
were  taken  and  these  values  plotted.  Table  I  gives  the  results 
obtained,  and  Figure  1  shows  a  set  of  curves  obtained  in  a 
typical  calibration.  Curve  A  represents  the  complete  range 
of  the  instrument,  0  to  250  micrograms  of  chloride,  and  was 
obtained  without  the  use  of  a  filter.  Suspensions  of  silver 
chloride  made  by  the  above  procedure,  which  contain  more 
than  250  micrograms  of  chloride,  are  too  opaque  to  be  read 
accurately  with  the  instrument.  Sample  sizes  taken  must  be 
such  that  the  upper  limit  of  the  chloride  concentration  is  not 
exceeded.  Curve  B  was  obtained  by  using  the  milk-glass 
filter,  and  curve  C  with  the  gray  glass  filter  (both  filters  sup¬ 
plied  as  manufacturer’s  accessories).  From  the  curves  it  fol¬ 
lows  that  suspensions  of  less  than  2  p.  p.  m.  can  be  read  more 
accurately  on  curve  B  than  on  curve  A.  Curve  C  may  be 
used  for  concentrations  of  less  than  1  p.  p.  m. 

The  accuracy  to  which  dial  readings  may  be  reproduced 
determines,  in  part,  the  accuracy  of  the  method.  It  has  been 


Table  II.  Limits  of  Accuracy  of  Instrument 


Chloride 

None 

- F  liters - 

Milk 

Gray 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

5 

±0.11 

4 

±0.10 

3 

±0.08 

2 

±0.06 

±6.04 

1 

±0.04 

0.75 

±0.04 

±6.6i 

0.50 

±0.01 

0.25 

.... 

±0.01 
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The  applicability  of  the  system  tentatively  known 
as  “photoelectric  color”  to  the  evaluation  of  light- 
colored  petroleum  products  has  been  demon¬ 
strated,  thus  making  possible  a  continuous  color 
scale  for  all  petroleum  products. 

This  color  index  consists  of  two  parameters  which 
are  read  directly  on  a  special  photoelectric  instru¬ 
ment.  The  two  parameters  completely  designate 
the  color  of  materials  such  as  oils  in  terms  which 
are  of  direct  technological  significance  and  which 
express  directly  the  appearance  values. 

Light-colored  oils  are  read  with  a  violet  filter  in¬ 
stead  of  North  Sky  and  red  and  converted  to  this 
color  index  by  a  suitable  equation,  so  that  no 
change  in  sample  depth  is  required.  For  light 
oils,  the  second  parameter  is  zero. 


THE  color  of  petroleum  products  is  of  importance  in 
their  processing  and  marketing.  Hitherto,  for  its 
measurement,  the  petroleum  industry  has  employed  several 
systems,  all  of  which  are  visual,  and  depend  upon  matching 
the  color  of  the  sample  with  that  of  a  standard  glass.  Com¬ 
mittee  D-2  of  the  A.  S.  T.  M.  on  Petroleum  Products  and  Lu¬ 
bricants  specifies  two  such  methods,  the  Union  colorimeter 
(4)  for  lubricating  oils  and  the  Saybolt  chromometer  (5) 
for  light-colored  products.  The  color  of  oils  customarily 
measured  with  the  Union  colorimeter  has  been  the  subject  of  a 
previous  paper  (11),  which  described  a  system  for  color 
designation  and  measurement.  It  is  the  purpose  of  this 
paper  to  discuss  in  a  similar  manner  the  colors  of  oils  usually 
determined  with  the  Saybolt  chromometer,  and  to  propose 
means  for  handling  them  by  the  method  already  described 
(11). 

The  Saybolt  chromometer  consists  essentially  of  two  glass 
tubes  50  cm.  (20  inches)  in  length,  which  are  illuminated  from  the 
bottom  by  light  reflected  from  a  mirror.  A  prismatic  optical 
head  provides  a  circular  field  of  vision,  one  half  of  which  is 
illuminated  by  the  light  from  the  sample,  and  the  other  by  light 
passing  through  the  color  standard.  The  level  of  the  oil  in  the 
sample  tube  is  adjusted  so  that  its  color  matches  that  of  the 
standard  disk  in  the  other  tube.  The  height  of  oil  is  read  and  is 
converted  to  Saybolt  chromometer  color  by  an  arbitrary  table. 
The  instrument,  invented  by  George  Saybolt,  has  been  brought 
to  its  present  stage  of  standardization  largely  as  the  result  of 
A.  S.  T.  M.  activity  (/,  2,  3,  7). 

Both  the  Union  colorimeter  and  the  Saybolt  chromometer 
are  arbitrarily  standardized  and  are  not  related  to  one 
another  by  any  fundamental  means.  Furthermore,  the 
specifications  of  each  of  these  instruments  are  so  drawn  that 
sufficient  latitude  is  allowed  in  the  selection  of  color  disks 
to  permit  an  appreciable  variation  of  results  from  instrument 
to  instrument.  For  these  reasons,  among  many  others, 
the  industry  has  needed  one  system  of  color  measurement 
which  will  be  applicable  to  all  types  of  petroleum  products, 
and  which  will  provide  a  continuous  relationship  between 


I.  C.  I.  data  may  be  calculated  from  the  color  in¬ 
dex  if  desired,  although  this  is  usually  unnecessary 
in  petroleum  technology. 

The  Saybolt  chromometer  has  been  shown  to  be 
unreliable,  and  to  be  importantly  affected  by  the 
surface  tension,  refractive  index,  and  specific  dis¬ 
persion  of  the  oil  being  tested. 

This  color  index  may  be  converted  to  Saybolt 
color  by  the  establishment  of  suitable  curves  for 
the  types  of  product  in  question.  The  conversion 
is  prepared  statistically  to  allow  for  the  unrelia¬ 
bility  of  the  Saybolt  method. 

The  required  colorimeter  can  be  adjusted  during 
manufacture  to  the  specified  standard,  so  that  the 
readings  obtained  are  independent  of  one’s  par¬ 
ticular  instrument. 


the  colors  of  dark-  and  light-colored  products.  Several 
attempts  of  this  nature  have  been  made  prior  to  and  since 
the  development  of  the  Saybolt  instrument,  leading  to  the 
development  of  the  Stammer  colorimeter  (17,  25),  methods 
of  using  the  Lovibond  glasses  (6,  16,  18,  20,  21),  and  color 
systems  known  as  “true  color”  (23,  24,  26,  28),  and  “optical 
density”  (12). 

All  these  methods  failed  in  their  objective  for  one  reason 
or  another.  None  of  them  is  directly  related  to  accepted 
systems  of  color  definition  (14,  19,  22),  which,  with  several 
others,  have  been  described  by  Gardner  (13).  All  are  not 
only  subject  to  peculiarities  of  the  individual  instrument, 
but  lean  heavily  upon  the  personal  equation.  Furthermore, 
for  light-colored  oils,  these  systems  require  cell  depths  ap¬ 
preciably  greater  than  used  for  darker  oils,  which  prevents 
use  of  a  continuous  color  scale.  The  Stammer  and  the 
Duboscq  type  colorimeters  (15),  in  which  the  depth  of  oil  is 
varied  until  a  standard  is  matched,  suffer  from  the  same 
faults,  including  the  variations  in  hue  and,  in  addition, 
frequent  failure  of  Bouguer’s  law  to  apply  to  petroleum 
products.  “True  color”  has  certain  advantages,  but  is 
frequently  invalidated  by  comparison  with  dilutions  of  oils 
of  different  hue,  or  because  Beer’s  and  Bouguer’s  laws  do  not 
hold  for  such  dilutions.  (According  to  Bouguer’s  law  the 
logarithm  of  the  reciprocal  transmittance  is  proportional  to 
depth:  logio(Vr)  =  kd.) 

Story  and  Kalichevsky  (27)  proposed  the  use  of  a  photo¬ 
electric  colorimeter,  primarily  as  a  substitute  for  the  eye. 
This  eliminated  the  subjective  nature  of  color  measurement 
of  petroleum  products. 

A  new  color  index  for  the  designation  and  determination  of 
color,  previously  called  “photoelectric  color”  has  been 
proposed  (11),  and  the  designation  of  the  colors  of  lubricating 
oils  and  darker  colored  petroleum  products  by  means  of  this 
index  has  been  described.  “Photoelectric  color”  was  orig¬ 
inally  chosen  for  want  of  a  better  name  to  distinguish  this 
system  of  color  designation  and  measurement  from  Lovibond, 
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Saybolt,  or  Union,  but  it  is  probable  that  the  industry  will 
find  one  which  is  more  appropriate  as  this  color  index  be¬ 
comes  accepted. 

This  color  index  conveys  full  color  information  concerning 
the  oil.  In  addition  to  presenting  this  information  in  terms 
which  are  of  immediate  and  direct  significance  in  petroleum 
technology,  advantage  is  taken  of  the  substantially  invariant 
color  properties  of  these  series  of  products — that  is,  dark- 
colored  petroleum  products,  light-colored  petroleum  products, 
fatty  oils  ( 9 ),  etc.  By  so  doing,  all  the  desired  information 
can  be  given  despite  the  use  of  less  than  three  parameters, 
in  the  present  instance,  only  one  parameter. 

The  color  index  consists  of  two  terms,  the  second  being 
zero  when  the  color  is  “normal”  or  when  it  is  that  of  light- 
colored  petroleum  products.  The  first  term  is  the  North 
Sky  reading  (or  its  computed  equivalent  in  the  case  of  light 
products  as  shown  below),  and  the  second  is  the  deviation 
of  the  red  reading  from  the  normal  at  that  North  Sky  reading. 
This  norma]  is  obtained  from  Figure  3  of  another  paper  of  this 
series  (11).  By  reporting  deviation  from  the  normal  red 
reading  rather  than  the  red  reading  itself,  one  can  tell  at  a 
glance  whether  the  oil  is  greenish  or  reddish  and  to  what 
extent.  For  example,  a  color  index  of  90  +  3  would  represent 
a  North  Sky  reading  of  90  and  a  red  reading  of  100  and  the 
oil  is  on  the  reddish  side  of  normal.  An  index  of  90  —  3 
represents  a  North  Sky  reading  of  90  and  a  red  reading  of 
94  and  the  oil  is  greenish  to  the  extent  of  3  units.  When  the 
second  term  is  zero,  it  will  often  be  omitted,  as  in  Figure  6,  a 
chart  for  the  conversion  of  this  color  index  to  Saybolt  color. 

This  system  expresses  and  measures  directly  what  the 
eye  sees.  It  does  so  by  measuring  the  equivalent  of  the 
energy  received  by  the  average  eye  looking  through  the 
sample  toward  C  illuminant,  and  it  also  measures  variations 
in  hue.  While  it  serves  for  darker  oils,  modification  was 
necessary  in  the  case  of  light-colored  products,  to  magnify 
the  readings  without  changing  (increasing)  sample  depth. 


WAVE  LENGTH,  mg 


Figure  1 .  Typical  Spectrophotometric  Curves  for  Solvents 


One  way  to  magnify  the  reading  would  be  to  increase 
the  sample  depth  appreciably  above  the  present  1.8  cm. 
However,  this  increase  would  be  objectionable  because  (1) 
errors  due  to  bubbles  and  turbidity  would  be  equally  mag¬ 
nified;  (2)  the  energy  loss  due  to  fluorescence  would  be  in¬ 
creased;  (3)  Bouguer’s  law  would  not  hold  rigidly,  owing  to 
the  effect  of  fluorescence  and  other  factors;  and  (4)  it  would 
entail  redesign  of  a  successfully  simplified  instrument  with 
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Figure  2.  Conversion  Chart,  Violet  Readings  to  X 


consequent  increases  in  complexity,  cost,  and  likelihood  of 
error.  The  use  of  two  instruments,  as  is  present  practice, 
would  be  even  more  objectionable. 

In  the  case  of  light-colored  petroleum  products,  the  eye 
“sees”  and  is  influenced  almost  exclusively  by  light  trans¬ 
mission  of  the  oil  in  the  violet  range.  Accordingly,  magni¬ 
fication  of  the  reading,  without  change  in  sample  depth, 
can  be  accomplished  by  the  use  of  the  violet  filter.  Readings 
of  light-colored  petroleum  oils  with  this  filter  have  a  direct 
relationship  with  those  made  with  the  North  Sky  filter. 
Thus,  the  disturbing  effects  of  turbidity,  bubbles,  and 
fluorescence  are  not  equally  magnified,  and  no  reliance  need 
be  placed  upon  the  applicability  of  Bouguer’s  law.  One 
instrument,  therefore,  provides  a  continuous  color  scale  for 
all  petroleum  products.  A  further  advantage  lies  in  the  fact 
that  the  color  of  these  products  can  be  obtained  with  less 
than  10  ml.  of  sample,  instead  of  the  50  ml.  or  more  required 
for  other  methods. 

In  the  range  of  darker  oils,  no  monochromatic  filter  could 
be  found  which  was  the  equivalent  of  the  North  Sky  filter. 
However,  with  lighter  colored  oils,  the  changes  in  the  spectral 
curves  are  confined  to  the  portion  below  550  m/i  with  virtually 
no  absorption  above  this  wave  length.  Curves  for  these 
oils  are  smooth  in  shape  and  show  greater  transmittance 
as  the  wave  length  increases.  The  ultimate  is  a  curve  for  a 
water-white  oil  which  consists  substantially  of  a  straight 
line  at  90  per  cent  transmission.  As  these  water-white  oils 
oxidize  and  darken  in  color,  their  spectral  curves  deviate 
from  this  line,  but  only  in  the  region  below  550  m/i.  This  is 
illustrated  by  Figure  1,  showing  the  progressive  darkening  of 
a  water-white  oil.  Thus,  the  average  eye,  in  viewing  C 
illuminant  through  these  light-colored  oils,  is  influenced 
only  by  changes  in  the  blue  and  violet  region,  so  that  a  meas¬ 
ure  of  the  absorption  below  550  m/i  is  all  that  is  required. 
The  instrument  with  the  violet  filter  in  position  has  an 
excellent  response  in  this  region,  and  thereby  performs  the 
same  function  for  light-colored  oils  that  the  North  Sky 
filter  does  with  darker  ones.  Indeed,  the  authors’  ex¬ 
perimental  work  has  confirmed  that  the  relationship  be¬ 
tween  violet  and  North  Sky  filter  readings  in  this  range  is 
linear. 

A  further  peculiarity  of  light-colored  petroleum  products, 
as  distinguished  from  darker  ones,  is  that  because  of  the  high 
degree  of  refining  given  them  there  is  a  negligible  light 
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absorption  at  wave  lengths  greater  than  550  m^.  Also,  for 
oils  of  the  same  color  index,  there  is  no  appreciable  difference 
in  the  steepness  of  their  spectral  curves.  Hence,  only  one 
parameter  suffices  for  a  full  description  of  the  color  and  the 
red  reading  for  determination  of  variations  of  hue  is  not 
required. 

Definitions 

The  terminology  used  by  the  petroleum  industry  in  dealing 
with  light-colored  products  is  not  rigidly  standardized. 
Therefore,  for  the  purpose  of  this  discussion,  the  following 
definitions  have  been  established : 

Refined  Oil.  Any  oil  which  has  been  rendered  light  in  color 
(straw  color  to  colorless).  . 

Kerosene.  Any  refined  oil  suitable  for  use  as  an  illuminant 

in  a  wick  lamp. 

Solvent.  Any  refined  oil  of  narrow  boiling  range  suitable  lor 
solvent  purposes.  ,  ,  , 

Used  Oil.  Any  oil  suitable  as  a  lubricant  which  has  been 
subjected  to  service  conditions. 

Description  of  the  Method 

As  has  been  described  (11),  the  color  index  of  dark  oils  is 
taken  with  the  North  Sky  filter,  and  optionally  with  the  red 
filter.  For  the  reasons  already  given,  refined  oils  must  be 
measured  with  the  violet  filter,  which  gives  readings  related 
to  those  found  with  the  North  Sky  filter,  and  thus  provides 
a  continuation  of  the  scale.  This  filter  was  so  chosen  that, 
with  paraffinic  kerosene  and  paraffinic  solvents,  it  gives 
exactly  ten  times  the  deflection  obtained  with  the  North 
Sky  filter.  Thus,  the  equivalent  North  Sky  reading  of  these 
products  is  computed,  using  the  equation: 

„  „  „„  ,  violet  filter  reading 

N.  S.  =  90  d - 10 - 

For  values  up  to  96.0  the  North  Sky  filter  is  used,  but  above 
96.0  the  violet  filter  and  the  above  equation  are  employed. 
Readings  are  taken  to  the  nearest  half-scale  division,  and 
the  first  term  of  the  color  index  is  reported  to  the  nearest 
0.05  unit.  Thus,  an  oil  with  a  violet  filter  reading  of  78.5 
will  have  a  color  index  of  97.85. 


Table  I. 

Color  Data  on  Refined  Oils 

Spectrophotometric 

Color  Index 

Oil 

Nature 

X 

Y 

Z 

N.  S. 

V 

1 

Paraffinic 

0.880 

0.899 

1 .056 

100.0 

100.0 

2 

Aromatic 

0.884 

0.903 

1.051 

102.0 

101.0 

3 

Aromatic 

0.880 

0.903 

1.026 

100.5 

96.0 

4 

Paraffinic 

0.873 

0.899 

1.022 

100.0 

95.0 

Aromatic 

0.859 

0.895 

0.941 

100.0 

88.0 

6 

Paraffinic 

0.856 

0.892 

0.938 

99.0 

84.0 

7 

Paraffinic 

0.832 

0.898 

0.801 

98.0 

75 . 0 

8 

Paraffinic 

0.820 

0.890 

0.752 

97.5 

72.0 

9 

Aromatic 

0.814 

0.884 

0.709 

98.0 

72.0 

10 

Aromatic 

0.783 

0.879 

0.527 

96.0 

56.0 

11 

Paraffinic 

0.778 

0.876 

0.526 

94.0 

48.0 

Since  the  colors  of  certain  types  of  refined  oils  are  highly 
unstable,  and  are  markedly  affected  by  exposure  to  light, 
it  is  essential  that  measurements  be  taken  as  quickly  as 
accuracy  permits.  Because  of  the  bleaching  action  of  the 
light  beam,  the  color  of  the  sample  is  lightened  appreciably 
in  the  vicinity  of  the  focal  point  of  this  beam.  The  oil  in 
the  sample  tube  should,  therefore,  be  agitated  between 
check  readings  to  disperse  the  bleached  material.  The 
instrument  enables  measurements  to  be  made  at  the  rate  of 
six  samples  per  minute. 

Experimental 

Colorimeter  and  Filters.  For  this  work  the  colorimeter 
already  described  (11)  and  based  on  Diller’s  (8, 10)  was  employed. 
In  order  to  extend  the  proposed  system  to  light-colored  oils,  the 


same  filters  were  used.  However,  since  such  oils  have  practically 
identical  spectral  curves  above  550  m/r,  and  there  are  but  slight 
differences  in  their  hues,  the  response  of  the  red  filter  was  sub¬ 
stantially  the  same  in  all  cases;  so  that  this  filter  reading  is  not 
required.  The  same  reference  standard  used  previously  (11) — 
namely,  distilled  water — was  employed  throughout,  and  the 
colorimeter  was  set  by  this  standard  to  a  scale  reading  of  100 
prior  to  all  determinations. 


Figure  3.  Conversion  Chart,  Violet  Readings  to  Z 


As  has  been  previously  emphasized,  the  instrument  as  a 
whole,  and  not  merely  the  filters  alone,  must  be  designed  and 
manufactured  to  yield  the  standard  readings.  The  tempera¬ 
ture  of  the  light  source,  characteristics  of  the  photocell, 
optical  system,  etc.,  as  well  as  the  filter  determine  the  re¬ 
sponse.  Of  particular  importance  to  this  work  is  the  fact 
that  the  instrument  is  so  designed  as  to  minimize  the  effects 
of  variations  in  refractive  index  and  fluorescence  of  the 
sample. 

Correlation  with  I.  C.  I.  Values.  As  in  the  previous 
investigation,  the  readings  of  the  colorimeter  can  be  cor¬ 
related  directly  with  I.  C.  I.  data.  This  was  accomplished  by 
having  eleven  representative  oils  evaluated  by  the  Electrical 
Testing  Laboratories  with  a  Hardy  spectrophotometer,  and 
obtaining  data  simultaneously  with  the  photoelectric  color¬ 
imeter.  These  samples  represented  two  series  of  refined 
oils  having  widely  differing  physical  characteristics,  one 
being  of  paraffinic  and  the  other  of  aromatic  nature.  The 
spectrophotometric  data  were  converted  to  tristimulus  values 
by  the  30  selected  ordinates  method  described  by  Hardy  (1 4)  ■ 
These  values  and  readings  taken  with  the  two  filters  are 
shown  in  Table  I. 

The  conversion  of  North  Sky  filter  readings  to  Y  tristimulus 
values  has  already  been  established  (11),  and  the  conversion 
factor  of  0.90  was  used  here  also.  This  factor  results  from 
the  use  of  distilled  water,  which  has  a  transmission  of  90 
per  cent  as  the  standard  for  the  color  index. 

In  order  to  obtain  conversions  to  X  and  Z,  the  values  ob¬ 
tained  spectrally  were  plotted  against  violet  filter  readings 
as  shown  in  Figures  2  and  3.  Figure  2  is  the  more  sensitive 
curve  mentioned  in  the  previous  paper  (11)  for  obtaining 
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the  X  tristimulus  value  for  light-colored  oils.  The  most 
representative  curves  for  these  points  were  straight  lines. 
It  is  logical  to  expect  that  such  correlations  exist,  since,  as 
already  shown,  the  only  variations  in  the  spectrophotometric 
curves  occur  at  wave  lengths  below  about  550  m/z.  In  this 
range,  readings  with  the  violet  filter,  as  well  as  the  Z  function 
and  a  portion  of  the  X  function,  are  affected .  This  relationship 
is  further  confirmed  by  Figure  4  wherein  for  these  eleven 
representative  samples  X  is  plotted  against  Z,  which  results 
in  a  straight  fine.  Using  Figures  2  and  3,  X  and  Z  tristimu¬ 
lus  values  were  obtained  from  the  violet  filter  readings. 
These  and  the  Y  tristimulus  values  obtained  as  above  are 
given  in  Table  II.  The  mean  deviation  of  the  authors’  values 
obtained  spectrophotometrically  is  shown  to  be  ±0.012. 

The  trichromatic  coefficients  were  calculated  from  the 
tristimulus  values,  and  are  shown  in  Table  III.  A  mean 
deviation  of  ±0.004  is  indicated.  Finally,  from  Y,  x,  and  y 
the  luminous  transmission,  dominant  wave  length,  and  purity 
were  obtained.  These  data  are  shown  in  Table  IV,  wherein 
mean  deviations  from  the  true  values  of  ±0.9  per  cent  in 
transmission,  ±3  m^  in  dominant  wave  length,  and  ±1.5 
per  cent  in  purity  are  found. 


Table  II.  Tristimulus  Values 


X  X 

100 

Y  X 

100 

Z  X 

100 

Oil 

Spectral3 

Color 

index*’ 

Spectral3 

Color 
index  & 

Spectral3 

Color 
index  *> 

1 

88.0 

88.4 

89.9 

90.0 

105.6 

106.5 

2 

88.4 

88.6 

90.3 

91.8 

105.1 

108.0 

3 

88.0 

87.5 

90.3 

90.5 

102.3 

102.5 

4 

87.3 

87.3 

89.9 

90.0 

102.2 

101.4 

5 

85.9 

85.8 

89.5 

90.0 

94.1 

93.5 

6 

85.6 

85.0 

89.2 

89.1 

93.8 

89.0 

7 

83.2 

83.0 

89.8 

88.2 

80.1 

78.8 

8 

82.0 

82.4 

89.0 

87.8 

75.2 

75.6 

9 

81.4 

82.4 

88.4 

88.2 

70.9 

75.6 

10 

78.3 

78.9 

87.9 

86.4 

52.7 

58.0 

11 

77.8 

77.2 

87.6 

84.6 

52.6 

49.0 

Mean  deviation  from  spectra  ±1.2 
3  Computed  from  Hardy  spectrophotometric  curves. 
i>  Converted  from  readings  of  photoelectric  colorimeter. 


The  above  may  be  summarized  as  indicating  that  these 
color  indices  for  refined  oils  may  be  converted  to  I.  C.  I. 
values  with  reasonable  accuracy.  This  correlation  is  only  for 
petroleum  oils,  and  is  possible  because  their  spectral  curves 
have  the  same  generic  shape. 


Table  III.  Trichromatic  Coefficients 


x _  _ y  _  z 


Oil 

Spectral 

Color 

index 

Spectral 

Color 

index 

Spectral 

Color 

index 

1 

0.310 

0.310 

0.317 

0.316 

0.373 

0.374 

2 

0.311 

0.307 

0.318 

0.318 

0.371 

0.375 

3 

0.313 

0.312 

0.322 

0.323 

0.365 

0.365 

4 

0.312 

0.313 

0.322 

0.323 

0.366 

0.364 

5 

0.319 

0.319 

0.332 

0.334 

0.349 

0.347 

6 

0.319 

0.323 

0.332 

0.339 

0.349 

0.338 

7 

0.329 

0.332 

0.355 

0.353 

0.316 

0.315 

8 

0.333 

0.335 

0.362 

0.357 

0.305 

0.308 

9 

0.338 

0.335 

0.367 

0.358 

0.295 

0.307 

10 

0.358 

0.353 

0.401 

0.387 

0.241 

0.260 

11 

0.357 

0.366 

0.402 

0.401 

0.241 

0.233 

Mean  deviation  from  spectral 

±0.004 

Saybolt  Chromometer 

It  was  advisable  to  establish  a  correlation  between  this 
new  system  and  the  one  now  in  general  use.  However,  early 
in  the  work  with  the  Saybolt  instrument,  it  was  found  that 
that  instrument  did  not  yield  comparable  results  for  the 
different  classes  of  oils  and  no  one  correlation  curve  could 
be  drawn.  Dependent  upon  other  physical  characteristics, 
each  class  of  oils  required  an  individual  curve. 

In  Table  V,  data  obtained  on  two  series  of  solvents  are 
given.  These  include  the  samples  tested  spectrophoto¬ 
metrically  together  with  others  evaluated  photoelectrically. 
It  is  evident  from  this  table  that  the  Saybolt  chromometer  is 
primarily  measuring  purity,  and  only  secondarily  luminous 
transmission.  As  is  indicated,  the  dominant  wave  length 
remains  constant  throughout  both  series.  Saybolt  colors 
and  purity  are  plotted  graphically  in  Figure  5.  Two  curves 
result  which,  even  though  slightly  irregular  in  shape,  il¬ 
lustrate  that  basically,  purity  is  being  measured. 


Table  IV.  Luminous  Transmission,  Dominant 
Wave  Length,  and  Purity 


Luminous  Dominant 


Transmission,  % 

Wave  Length,  my 

Purity, 

% 

Color 

Color 

Color 

Oil 

Spectral 

index 

Spectral 

index 

Spectral 

index 

1 

89.9 

90.0 

569 

570 

0.2 

0.1 

2 

90.3 

91.8 

569 

560 

0.8 

0.6 

3 

90.3 

90.5 

569 

563 

2.2 

2.2 

4 

89.9 

90.0 

568 

567 

2.0 

2.6 

5 

89.5 

90.0 

569 

568 

6.5 

7.1 

6 

89.2 

89.1 

569 

570 

6.5 

9.6 

7 

89.8 

88.2 

569 

571 

15.2 

15.2 

8 

89.0 

87.8 

569 

572 

18.1 

17.5 

9 

88.4 

88.2 

569 

571 

22.3 

18.0 

10 

87.9 

86.4 

569.5 

571 

35.8 

30.5 

11 

87.6 

84.6 

570 

572 

35.5 

37.5 

Mean  deviation 

±0.9% 

±3  my 

*1.5% 

Purity  of  a  color  may  be  considered  as  that  percentage  of  a 
pure  spectral  color  which  when  mixed  with  C  illuminant  of 
the  I.  C.  I.  system  will  match  the  color  (14).  Since  Saybolt 
chromometer  colors  are  related  to  purity,  the  instrument 
is  substantially  measuring  the  concentration  of  colored 
bodies  of  the  same  dominant  wave  length.  This  is  proved 
by  correlating  violet  filter  readings  with  “modified  Saybolt” 
colors,  which  are  calculated  by  the  following  equation : 


Modified  Saybolt  color 


(20)  (number  of  disks) 
depth  of  oil  in  inches 


This  equation  is  based  upon  the  validity  of  Bouguer’s 
and  Beer’s  laws  in  this  range.  If  modified  Saybolt  colors 
of  any  one  family  of  oils  are  plotted  graphically  against  the 
logarithms  of  the  violet  filter  transmissions,  a  linear  relation¬ 
ship  is  found.  Each  family  of  oils  is  represented  by  a  separate 
curve,  but  all  are  straight  lines  over  the  range  in  which  these 
laws  hold. 


Figure  4.  Relationship  of  X  and  Z 


June  15,  1943 
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Figure  5.  Relationship  op  Purity  and  Saybolt  Color 


Table  V.  Correlation  of  Saybolt  Colors  with  I.  C.  I.  Data 

(Computed  from  Diller  colorimeter  readings  and  Hardy  spectrophotometrie 

curves) 


Saybolt 

Luminous 

Dominant 

Purity 

% 

Oil 

Color 

Transmission 

% 

Wave  Length 
mu 

Paraffinic 

1° 

+30+ 

89.9 

569 

0.2 

2 

+  30 

90.0 

579 

0.2 

3 

+  24 

90.0 

569 

1 . 5 

4® 

+  21 

89.9 

568 

2.0 

5 

+20 

89.6 

569 

3.1 

6 

+  15 

89.1 

572 

6.8 

7 

+  10 

89.1 

570 

8.7 

8° 

+8 

89.2 

569 

6 . 5 

9 

+  6 

88.7 

571 

10.0 

10 

0 

88.2 

572 

12.7 

lla 

-3 

89.8 

569 

15.2 

12 

-3 

87.8 

572 

15.7 

13 

-6 

87.8 

571 

16.8 

14a 

-7 

89.0 

569 

18.1 

15 

-10 

87.3 

571 

20.0 

16 

-19 

85.5 

571 

36.0 

170 

Too  dark 

87.6 

570 

35 . 5 

Aromatic 

1° 

+  30  + 

90.3 

569 

0.8 

2 

+  29 

90.0 

566 

1.0 

3® 

+27 

90.3 

569 

2.2 

4 

+  23 

90.0 

568 

3.8 

5 

+  19 

90.0 

568 

6 . 5 

6® 

+  18 

89.5 

569 

6 . 5 

7 

+  15 

89.1 

570 

10.8 

8 

+9 

88.2 

571 

16.0 

9® 

+  5 

88.4 

569 

22.3 

10 

+  3 

87.8 

571 

20.0 

11 

0 

87.3 

571 

24 . 5 

12 

-4 

86.9 

571 

27.8 

13° 

-7 

87.9 

569.5 

35.8 

14 

-8 

86.0 

571 

32.2 

15 

-12 

85.5 

571 

38.0 

a  I.  c.  I.  data  obtained  from  Hardy  spectrophotometer  curves. 


However,  despite  the  apparent  relationship  between 
Saybolt  color  and  purity,  several  anomalies  have  been  en¬ 
countered. 

In  one  experiment,  a  solution  of  off-colored  kerosene  in  carbon 
tetrachloride  was  prepared  and  found  to  match  a  standard  disk 
at  a  height  of  23.75  cm.  (9.5  inches).  Various  amounts  of  water 
were  introduced  above  this  solution  in  the  tube,  and  the  color  was 
measured  again.  Matches  were  obtained  when  the  total  heights 
were  9.5  inches  in  each  case.  Apparently  then,  even  though  the 
instrument  measures  color  concentration,  it  indicated  the 
same  concentration  when  the  colored  bodies  were  in  the  ratio 
9. 5:8. 5:7.5.  ... 

A  second  experiment  was  conducted,  wherein  mixtures  oi  re¬ 
fined  oils  were  prepared  so  that  all  had  the  same  violet  reading, 
and  were  closely  matched  visually.  However,  when  evaluated 
by  the  Saybolt  chromometer,  their  colors  ranged  from  —4  to 
—  17.  Thus,  even  though  all  had  the  same  purity,  or  color  con¬ 
centration,  based  upon  I.  C.  I.  data,  their  Saybolt  colors  indicated 
concentrations  over  a  range  directly  proportional  to  the  heights 
in  the  tubes  of  from  5  to  9.13  cm.  (2  to  3.625  inches). 


Obviously,  therefore,  some  other  factor  is  involved  which 
affects  the  optical  properties  of  the  oils.  In  Table  VI,  other 
data  obtained  with  the  series  of  oils  mentioned  above  are 
shown,  which  indicate  that  despite  identical  color  indices, 
the  Saybolt  colors  vary  with  surface  tension,  refractive 
index,  and  specific  dispersion.  In  this  particular  instance, 
the  variations  are  due  entirely  to  differences  in  chemical 
composition.  The  oils  studied  here  are  all  darker  than  those 
most  frequently  evaluated  by  the  Saybolt  chromometer, 
but  were  chosen  primarily  because  they  illustrate  the  dis¬ 
crepancies  which  may  be  obtained  with  this  instrument. 
Similar  discrepancies  exist  throughout  the  Saybolt  range, 
as  indicated  by  Figure  6,  although  they  are  not  so  pro¬ 
nounced. 


Table  VI.  Saybolt  Color,  Refractive  Index,  Specific 
Dispersion,  and  Surface  Tension 
(All  samples  gave  violet  filter  readings  of  70.0) 


Saybolt 

Refractive 

Specific 

Surface 

Color 

Index 

Dispersion 

Tension 
Dynes/ cm. 

-4 

1.3994 

103 

19.5 

-6 

1.4100 

102 

20.5 

-9 

1.4765 

145 

26.8 

-13 

1.4864 

158 

27.3 

-17 

1.5010 

185 

27.8 

If  the  optical  system  of  the  Saybolt  chromometer  is  an¬ 
alyzed,  it  becomes  apparent  that  the  physical  characteristics 
listed  in  Table  VI  affect  the  results  obtained.  A  constant 
source  of  light  exists,  and  the  oil  level  in  one  tube  is  so  ad¬ 
justed  that  the  short-wave  (violet)  portion  of  the  light 
energy  reaching  the  eye  is  substantially  equal  to  that  passing 
through  the  standard  disk  and  the  empty  tube.  The  energy 
loss  in  the  sample  tube  is  substantially  equal  to  that  lost 
because  of  refraction,  reflection  from  the  side  walls,  and 
absorption  by  the  oil  layer.  Surface  tension,  in  a  sense, 
determines  the  contour  of  the  meniscus  which  is  formed  at 
the  liquid-air  interface.  Specific  dispersion  and  refractive 
index  are  closely  related  to  the  energy  loss  at  the  interface, 
and  also  to  the  angle  at  which  light  leaves  the  oil  surface. 
Thus,  all  three  determine  the  average  angle  at  which  light 
from  the  interface  is  directed  toward  the  side  walls  of  the 
tube.  The  more  nearly  the  light  strikes  the  side  walls  at 
right  angles  to  them,  the  greater  will  be  the  energy  loss. 
Higher  surface  tensions,  refractive  indices,  and  specific 


Figure  6.  Conversion  Chart,  Color  Index  to  Saybolt 

Color 


372 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  6 


dispersions  individually  result  in  greater  energy  losses.  In 
order  to  compensate  for  this  added  loss  above  the  oil  layer, 
its  depth  must  be  reduced  to  decrease  the  loss  due  to  absorp¬ 
tion.  Hence,  a  low  Saybolt  color  reading  results. 

To  illustrate  the  effect  of  surface  tension,  a  potassium  di¬ 
chromate  solution  having  a  Saybolt  color  of  +10  was  prepared 
and  measured  in  a  sample  tube  of  the  chromometer  coated 
with  a  thin  film  of  highly  viscous  light-colored  oil.  A  value 
of  +15  was  obtained,  but  when  a  few  drops  of  wetting 
agent  solution  were  added,  the  color  was  found  to  be  +6, 
despite  the  fact  that  the  color  index  was  unchanged. 

The  personal  equation  involved  in  color  measurements 
with  the  Saybolt  instrument  also  cannot  be  disregarded. 
It  has  been  established  that  there  are  certain  individuals 
incapable  of  reproducible  results.  These  operators  fre¬ 
quently  state  that  because  of  a  different  “shade”  of  color 
they  are  unable  to  match  it  with  the  standard.  This  is  not 
the  case  with  color-blind  observers,  or  those  less  sensitive 
to  minor  variations  in  hue,  who  are  able  to  obtain  accurate 
readings  even  with  abnormal  oils. 

A.  S.  T.  M.  Method  D156-38  specifies  the  standard  disks 
as  follows: 


Whole  Disk 

Y  =  0.860  to  0.865 
x  =  0.342  to  0.350 

V  ■=  0.367  to  0.378 


Half  Disk 

Y  =  0.888  to  0.891 
x  =  0.327  to  0.331 
y  =  0.344  to  0.350 


Using  the  graphs  prepared  by  Hardy  (14),  these  limits  are 
equivalent  to  the  following: 


Whole  Disk 


Half  Disk 


Luminous  trans¬ 
mission,  %  86 . 0  to  86 . 5 

Dominant  wave 

length,  my  569  to  574 

Purity,  %  22.2  to  27.2 


Luminous  trans¬ 
mission,  %  88 . 8  to  89 . 1 

Dominant  wave 

length,  my  569  to  574 

Purity,  %  12.0  to  14.5 


It  has  been  shown  that  paraffinic  and  aromatic  refined 
oils  have  the  same  dominant  wave  length  of  about  570  m/z, 
which  is  within  the  limits  of  the  disks.  Since  the  dominant 
wave  lengths  of  the  oil  colors  do  not  match  that  of  the  disk, 
they  must  have  been  varied  before  the  light  reached  the 
eye,  and  that  variation  may  be  caused  by  differences  in  sur¬ 
face  tension  and  refractive  index.  Since  the  energy  loss  is 
disproportionate  for  light  of  certain  wave  lengths,  and 
because  of  the  shape  of  the  spectral  curves,  this  results  in  a 
slight  variation  in  dominant  wave  length  that  is  easily  de¬ 
tected  by  operators  with  keen  color  perception. 

The  effects  of  refractive  index  and  surface  tension  are 
thus  shown  to  invalidate  certain  Saybolt  color  measurements. 
These  factors  are  also  significant  in  photoelectric  measure¬ 
ments.  However,  in  the  photoelectric  colorimeter  used  in 
this  work,  measurements  are  not  made  through  a  liquid-air 
interface,  so  that  surface  tension  has  no  effect.  Refractive 
index  also  applies  to  the  photoelectric  measurement,  but  the 
use  of  a  round  sample  tube  in  conjunction  with  the  con¬ 
verging-diverging  light  beam  of  Differ ’s  instrument  (8,  10) 
minimizes  the  refractive  error,  because  the  light  enters  the 
tube  at  substantially  zero  incidence.  Provision  is  also 
made  for  reducing  as  far  as  possible  the  effect  of  fluorescence. 

Correlation  of  Color  Index  with  Saybolt  Values 

Since,  as  stated  above,  other  physical  characteristics  mark¬ 
edly  affect  Saybolt  values  but  not  color  index,  no  rigid  rela¬ 
tionship  between  them  can  be  established,  and  each  family 
of  oils  must  be  evaluated  to  fix  its  own  correlation  curve. 
Figure  6  shows  typical  correlation  curves  of  four  types  of 
oil,  prepared  by  evaluating  paraffinic  solvents,  aromatic 
solvents,  solutions  of  used  oils  in  paraffinic  solvents,  and 
highly  refined  paraffinic  spindle  oils.  The  divergence  of  these 
curves  is  in  accordance  with  the  explanation  already  ad¬ 
vanced. 


It  will  be  noted  that  all  these  curves  and  also  those  of 
Figure  5  exhibit  points  of  inflection.  These  deviations  from 
smooth  curves  are  the  results  of  the  arbitrary  table  used  in 
converting  depths  of  oil  to  Saybolt  colors  (-5),  and  the  peculiar 
relationship  between  Saybolt  colors  and  modified  Saybolt 
colors.  If  these  are  plotted  graphically,  one  against  the 
other,  an  irregular  line  with  the  same  inflection  points  will 
result.  These  inflections  will  appear  in  any  curve  obtained 
by  plotting  Saybolt  values  against  any  fundamental  value 
such  as  color  index  or  purity. 

Figure  6  was  prepared  by  evaluating  over  a  thousand 
separate  samples.  However,  similar  curves  can  be  obtained 
by  a  simpler  procedure  involving  the  linear  relationship  of 
modified  Saybolt  colors  and  the  logarithms  of  the  violet 
filter  readings — for  example,  a  more  limited  number  of  sam¬ 
ples  could  be  tested  with  both  instruments.  By  computing 
modified  Saybolt  colors  from  the  heights  in  the  sample  tube, 
and  recording  the  violet  transmission  on  the  logarithmic 
(concentration)  scale,  values  will  be  obtained  through  which 
straight  lines  may  be  drawn.  These  lines  may  then  be 
converted  to  Saybolt  colors  and  violet  filter  readings,  yielding 
curves  such  as  those  shown  in  Figure  6.  (For  any  given 
sample,  instrument,  and  operator,  deviations  from  these 
curves  should  be  no  greater  than  one  Saybolt  unit.) 

Standardization  and  Reproducibility 

Means  for  checking  the  setting  of  the  instrument  for 
the  production  of  standard  readings  have  been  described 
(11).  The  same  standard  aqueous  solutions  were  used  in 
this  study. 

Since  the  colors  of  some  off-test  solvents  and  kerosenes  are 
highly  unstable,  it  was  obviously  impossible  to  check  the 
reproducibility  of  the  instrument  on  the  samples  after  a 
period  of  storage.  However,  the  colors  of  the  series  of  oils 
listed  in  Table  I  were  determined  simultaneously  with  two 
instruments  to  demonstrate  the  concordance  between  them 
(Table  VII).  One  instrument  was  used  at  the  Electrical 
Testing  Laboratories,  and  the  second  at  the  authors’  labora¬ 
tory.  By  means  of  telephone  communication,  it  was 
possible  to  have  both  readings  taken  within  5  minutes  of 
each  other.  The  differences  between  the  results  are  no 
greater  than  the  limits  of  error  previously  established  (11). 


Table  VII.  Reproducibility  of  Results 

North  Sky  Filter  Violet  Filter 


Oil 

A 

B 

A 

B 

1 

99.5 

100.5 

100.0 

100.0 

2 

102.0 

102.0 

101.0 

101.0 

3 

100.5 

100.5 

96.0 

96.0 

4 

100.0 

100.0 

94.5 

95.5 

5 

100.0 

100.0 

88.0 

88.0 

6 

99.0 

99.0 

84.0 

84.0 

7 

98.0 

97.5 

74.5 

75.5 

8 

97.5 

97.5 

72.0 

72.0 

9 

98.0 

98.0 

72.0 

72.0 

10 

96.0 

96.0 

56.0 

56.0 

11 

94.0 

94.0 

48.0 

48.0 

Average  deviation  ±0.24  scale  division. 


Conclusion 

The  photoelectric  colorimeter  may  be  used  for  measuring 
colors  of  refined  oils,  thus  providing  a  continuous  scale  for 
all  petroleum  products.  This  has  been  made  possible  by  the 
use  of  a  violet  filter,  which  is  directly  related  to  the  North 
Sky  filter,  and  which  has  its  response  in  the  blue-violet  region 
in  which  all  variations  in  spectral  absorption  occur.  Read¬ 
ings  obtained  with  these  two  filters  may  be  converted  to 
I.  C.  I.  data  if  desired. 

The  Saybolt  chromometer,  customarily  used  for  measuring 
the  colors  of  these  oils,  has  been  studied  and  found  to  be 
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unreliable  in  that  erroneous  and  anomalous  results  may  be 
obtained.  Variations  in  physical  characteristics  of  the  oils, 
such  as  surface  tension  and  refractive  index,  are  probably 
chiefly  responsible  for  these  errors.  The  color  index  de¬ 
scribed  above  can  be  correlated  with  Saybolt  values  by  the 
use  of  suitable  conversion  curves. 
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Determination  of  Iodine  in  Tetraiodo- 

phenolphthalein 

SAMUEL  WEINER,  BYRON  E.  LEACH1,  and  MARY  JANE  BRATZ 
Paul-Lewis  Laboratories,  Inc.,  Milwaukee,  Wis. 


BUTLER  and  Burdette  (1)  in  1939  proposed  a  method  for 
determining  iodine  in  tetraiodophenolphthalein  that 
was  much  more  rapid  and  accurate  than  the  procedure  of  the 
U.  S.  Pharmacopoeia  of  that  time.  It  consisted  of  three 
steps:  (1)  digestion  with  alkaline  permanganate  solution  to 
decompose  the  material  and  release  the  iodine  as  iodate,  (2) 
acidification  and  treatment  with  sodium  bisulfite  to  reduce 
the  manganese  and  iodine  to  their  lower  oxidation  states,  and 
(3)  partial  neutralization  with  ammonium  carbonate  and 
titration  of  the  iodide  with  silver  nitrate,  using  eosin  or  diiodo- 
fluorescein  as  an  adsorption  indicator. 

Adsorption  Indicator  Methods 

The  clear  advantages  of  the  Butler-Burdette  method  led  to 
its  adoption  by  the  U.  S.  Pharmacopoeia  XII  ( 5 )  with  certain 
modifications.  The  U.  S.  P.  XII  method  is  almost  identical 
with  one  that  has  been  successfully  used  in  this  laboratory 
since  October,  1941,  but  in  which  starch-iodine  is  used  as  the 
adsorption  indicator. 

If  eosin  or  diiodofluorescein  is  used  as  adsorption  indicator 
in  the  titration  of  the  iodide,  the  amounts  of  acid  and  alkali 
added  after  the  digestion  with  permanganate  must  be  ex¬ 
actly  such  that  the  pH  at  the  time  of  titration  is  between  4.5 

1  Present  address,  University  of  Illinois,  Urbana,  Ill. 


and  7.5,  preferably  6.0.  On  the  other  hand,  Kolthoff’s  (4) 
starch-iodine  complex  will  give  sharp  end  points  at  pH’s  as 
low  as  0.5. 

Place  0.15  to  0.20  gram,  accurately  weighed,  of  the  tetraiodo¬ 
phenolphthalein  or  its  sodium  salt  in  a  500-ml.  Erlenmeyer  flask, 
add  10  ml.  of  5  per  cent  sodium  hydroxide  solution,  and  when  the 
sample  has  dissolved  on  the  water  bath  or  steam  bath  add  25  ml. 
of  saturated  potassium  permanganate  solution.  Digest  45  mm- 
utes  on  the  water  bath,  cool,  add  75  ml.  of  water  and  10  ml.  of  1  to 
1  sulfuric  acid,  and  then  add  3  M  sodium  bisulfite  from  a  buret 
with  constant  swirling  of  the  flask  until  the  solution  is  colorless. 
Add  dilute  potassium  permanganate  solution  drop  by  drop  till  a 
faint  permanent  yellow  appears.  Add  10  ml.  of  M  ammonium 
carbonate  solution  and  4  drops  of  dilute  starch  solution  and  titrate 
with  0.1  N  silver  nitrate  solution. 

Notes.  The  end  point  will  be  the  disappearance  of  the  fast 
trace  of  blue,  green,  or  gray,  leaving  the  solution  and  the  precipi¬ 
tate  with  a  clear  canary  yellow  color.  If  the  silver  iodide  coagu¬ 
lates,  the  end  point  is  best  observed  on  the  precipitate,  it,  as 
sometimes  happens,  it  fails  to  coagulate,  the  end  point  is  observed 
in  the  body  of  the  solution.  The  end  point  is  usually  very  sharp. 

From  10  to  18  ml.  of  sodium  bisulfite  will  be  needed  to  reduce 
the  iodate  and  permanganate.  After  one  has  observed  the 
amount  needed  in  a  few  titrations,  it  is  preferable  to  add  a  slight 
excess  at  once  from  a  graduate  cylinder,  so  as  to  avoid  the  loss  by 
volatilization  of  the  iodine  during  the  reduction  from  iodate  to 
iodide:  15  ml.  of  3  M  sodium  bisulfite  would  be  a  convenient 

On  rare  occasions,  the  silver  iodide  fails  to  coagulate  and  the 
starch  complex  gives  a  very  vague  end  point. 
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The  procedure  was  checked  against  potassium  iodide  and 
potassium  iodate,  both  reagent  grade,  and  dried  1  hour  at 
105°  C. 

KI  I  found,  76.3  =*=0.1;  calculated,  76.4% 

KlOa  I  found,  59.1  =*=0.1;  calculated,  59.3% 

The  influence  of  the  organic  material  was  studied  by  trying 
this  procedure  on  mixtures  of  0.1000  gram  each  of  phenol- 
phthalein  and  the  potassium  halogen  salt. 

KI  I  found,  76.6  ±0.3;  calculated,  76 .4% 

KIO3  I  found,  59.6  ±0.4;  calculated,  59.3% 

A  comparison  of  the  results  obtained  by  using  starch  and  by 
using  eosin  as  indicators  in  the  determination  of  iodine  in 
sodium  tetraiodophenolphthalein  is  given  in  Table  I. 


Table  I.  Samples  and  Iodine  Contents  Found 

Product 


No. 

Weight 

I  (Eosin) 

Weight 

I  (Starch) 

Gram 

% 

Gram 

% 

14 

0.2334 

53.3 

0.2463 

52.8 

0.2173 

53.0 

0.2039 

52.7 

0.2074 

53.0 

14a 

0.1978 

5515 

0 . 2024 

55.6 

0.2006 

55.7 

0.2100 

55 . 4 

0.1962 

55.2 

0.2136 

55.7 

15 

0.1446 

52.0 

0.1478 

52.7 

0.1529 

51.3 

0.1570 

52.4 

0.2051 

52.5 

0.2047 

52.9 

0.2051 

52.6 

0.2040 

52.6 

Reduction  Method 

Clark  and  Jones  (2)  in  August,  1942,  published  a  method 
for  determining  iodine  in  organic  compounds,  based  on 
Groak’s  method  (3).  Clark  and  Jones  did  not  report  on  the 
applicability  of  their  method  to  tetraiodophenolphthalein, 
but  a  method  similar  to  it  has  been  in  use  by  the  authors  for 
this  purpose  since  October,  1941.  Their  method  consists  of 
four  steps:  (1)  boiling  with  alkaline  permanganate  to  de¬ 
compose  the  sample,  if  it  is  of  an  acid-insoluble  alkali-soluble 
compound;  (2)  reduction  of  the  permanganate  with  nitrite  in 
acid  solution;  (3)  destruction  of  the  excess  nitrite  with  sulf¬ 
amic  acid;  and  (4)  titration  of  the  iodate  with  potassium 
iodide,  thiosulfate,  and  starch. 

As  used  by  the  authors  it  is  as  follows: 

Place  0.15  gram,  accurately  weighed,  of  the  sample  in  a  500-ml. 
Erlenmeyer  flask,  add  15  ml.  of  5  per  cent  sodium  hydroxide,  let 
it  digest  on  the  steam  bath  till  completely  dissolved,  add  25  ml.  of 
saturated  potassium  permanganate  solution,  let  it  digest  45  min¬ 
utes,  remove,  add  immediately  10  ml.  of  glacial  acetic  acid,  and 
then  add  5  per  cent  sodium  nitrite  solution  drop  by  drop  from  a 
buret  with  rapid  swirling  until  the  red  color  of  the  permanganate 
has  been  replaced  by  the  brown  color  of  the  manganese  dioxide. 
Add  5  ml.  of  concentrated  sulfuric  acid  slowly  and  with  swirling  to 
prevent  loss  by  spattering.  Once  more  add  5  per  cent  sodium 
nitrite  solution  drop  by  drop,  and  when  the  solution  is  colorless 
and  free  of  manganese  dioxide  add  10  ml.  of  5  per  cent  sulfamic 
acid  solution  and  cool  under  the  tap.  Add  10  ml.  of  33  per 
cent  sodium  hydroxide  solution  (5  grams  of  sodium  hydroxide 
dissolved  in  10  ml.  of  water) ,  cool  again,  add  10  ml.  of  M  potassium 
iodide  solution,  and  titrate  with  0.1  A  thiosulfate  and  starch. 

6  equivalents  of  thiosulfate  = 

1  mole  of  iodine  =  127  grams  of  iodine 

Notes.  Sometimes  a  few  particles  of  manganese  dioxide  will 
persist  after  the  solution  has  been  cleared  by  the  sodium  nitrite. 
Warming  the  solution  will  dissolve  these;  this  should  be  done 
before  the  sulfamic  acid  is  added. 

The  5  ml.  of  concentrated  sulfuric  acid  can  be  replaced  by  10 
ml.  of  1  to  1  sulfuric  acid. 

The  nitrate  ion  will  not  oxidize  the  iodide  ion  rapidly  enough  to 
interfere,  if  the  final  pH  is  above  2  and  the  solution  is  cool. 

Occasionally  the  solution  becomes  yellow  after  addition  of  the 
sodium  hydroxide.  This  usually  does  not  affect  the  final  result. 

A  less  convenient  but  often  more  precise  method  of  titration  is 
to  use  5  ml.  of  carbon  tetrachloride  instead  of  starch  as  the  indi- 


Table  II.  Determination  of  Iodine 


Weight  of 

Thiosulfate  Used 

Sample 

Volume 

Normality 

I  Found 

I  Calcd. 

Gram 

Ml. 

% 

% 

0.1488 

36.15 

0.1000 

51.4 

51.2 

0.1514 

36.75 

0.1000 

51.3 

0.1505 

36.50 

0.1000 

51.3 

Table  III.  Determination  of  Iodine 


Weight  of 

Thiosulfate  Used 

Sample 

Volume 

Normality 

I  Found 

I  Calcd. 

Gram 

Ml. 

% 

% 

KI 

0.1000 

36.10 

0.1000 

76.35 

76.4 

0.1000 

36.05 

0.1000 

76.25 

KIOs 

0.1000 

26.25 

0.1064 

59.1 

59.3 

0.1000 

26.25 

0.1064 

59.1 

0.1000 

26.25 

0.1064 

59.1 

cator.  One  must  shake  the  solution  vigorously  in  a  stoppered 
Erlenmeyer  flask  after  each  addition  of  thiosulfate  as  the  end 
point  is  approached.  The  end  point,  of  course,  is  the  disappear¬ 
ance  of  the  pink  color  in  the  carbon  tetrachloride. 

The  procedure  was  checked  against  o-iodobenzoic  acid 
(Eastman)  which  melted  at  161.5-162.5°  C.  and  at  163— 
163.5°  C.  (corrected).  Titration  with  0.1  A  sodium  hy¬ 
droxide  and  phenolphthalein  gave  an  apparent  equivalent 
weight  of  247.8  =*=  0.6;  the  calculated  equivalent  weight  is 
248.0.  Because  of  the  stability  of  the  I — C  bond  in  iodo- 
benzoic  acid  it  was  necessary  to  replace  the  45-minute  diges¬ 
tion  in  alkaline  permanganate  by  8  hours  of  refluxing  over  a 
free  flame  (Table  II). 

The  procedure  was  also  checked  against  potassium  iodide 
and  iodate  mixed  with  an  equal  weight  of  phenolphthalein 
U.  S.  P.  (Table  III).  To  effect  complete  oxidation  of  the 
phenolphthalein  it  was  necessary  to  use  45  ml.  of  saturated 
permanganate  and  to  carry  out  the  digestion  for  1  hour. 

Part  of  the  agreement  between  the  observed  and  calculated 
values  is  due  to  a  balancing  of  errors;  if  the  “blank”  of  0.30 
ml.  is  subtracted,  the  observed  values  are  uniformly  low. 

As  an  example  of  the  reproducibility  of  this  method  one 
can  consider  the  results  of  the  six  routine  determinations 
made  on  and  prior  to  February  23,  1943,  on  samples  of  com¬ 
mercial  tetraiodophenolphthalein  sodium  of  various  origins 
(Table  IV). 


Table  IV.  Reproducibility 
Thiosulfate  Used 


Sample 

Weight 

Gram 

Volume 

Ml. 

Normality 

I  Found 

% 

A 

0.1500 

32.25 

0.1064 

48.4 

0.1500 

32.35 

0.1064 

48.5 

B 

0.1503 

35.00 

0.1064 

52.4 

0.1500 

35.05 

0.1064 

52.6 

C 

0 . 0500 

11.40 

0.1064 

51.3 

0.0500 

11.30 

0.1064 

50.9 

D 

0.0500 

11.30 

0.1064 

49.9 

0.0500 

11.10 

0.1064 

50.9 

E 

0.1500 

32.00 

0.1064 

48.0 

0.1500 

31.85 

0.1064 

47.8 

F 

0.1500 

33.10 

0.1064 

49.7 

0.1500 

33.20 

0.1064 

49.8 
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WHEN  toxicological  work  on  the  monoalkyl  ethers  of 
ethylene  glycol  was  undertaken  ( 6 )  no  suitable 
method  for  determining  these  compounds  was  available. 
Thus  an  immediate  need  in  toxicological  studies  as  well  as  the 
likelihood  of  a  future  need  in  attempts  to  evaluate  and  prevent 
any  possible  hazards  connected  with  the  use  of  these  solvents 
in  industry  led  to  a  study  of  methods  of  estimation. 

Preliminary  experiments  with  the  methyl,  ethyl,  n-propyl, 
and  n-butyl  derivatives,  using  specimens  for  which  constants 
have  been  described  (6),  indicated  that  these  derivatives 
could  be  oxidized  quantitatively  with  potassium  dichromate. 
(Methyl  Cellosolve,  Cellosolve,  and  Butyl  Cellosolve  are 
trade  names  for  the  methyl,  ethyl,  and  butyl  derivatives.) 
These  experiments  indicated,  however,  that  progress  of  the 
oxidations  was  influenced  by  acid  concentration,  period  of 
heating,  order  of  adding  reagents,  and  quantities  of  reagents 
used.  Thus,  the  first  part  of  the  experimental  work  neces¬ 
sarily  is  concerned  with  the  definition  of  conditions  yielding 
precise  quantitative  reactions,  while  the  second  part  is  an 
investigation  of  the  suitability  of  these  reactions  for  estimat¬ 
ing  various  concentrations  in  water  and  in  air. 

Experimental  Method 

In  general,  the  method  of  conducting  oxidations  and  determin¬ 
ing  amounts  of  oxygen  consumed  is  similar  to  a  modification  of 
the  Nicloux  (4)  method  for  ethyl  alcohol  described  by  Muehl- 
berger  (3).  With  the  glycol  ethers,  however,  the  results  were 
found  to  be  most  consistent  when  standard  aqueous  solutions  of 
glycol  derivatives  (1,  2,  or  3  ml.)  were  added  to  cooled  mixtures  of 
5  ml.  of  0.33  N  potassium  dichromate  and  an  amount  of  concen¬ 
trated  sulfuric  acid  equal  to  the  combined  volume  of  potassium 
dichromate  and  sample  solutions.  This  50  per  cent  proportion  of 
acid  was  used  with  all  compounds.  Other  concentrations  of 
sulfuric  acid  were  investigated,  but  with  the  exception  of  55  per 
cent  acid  employed  in  determining  the  propyl^  derivative,  the 
other  concentrations  offer  no  advantages. 

The  oxidations  of  the  aqueous  samples  were  conducted  in  25  X 
200  mm.  test  tubes  which  were  heated  in  a  boiling  water  bath  for 
definite  periods.  At  the  termination  of  heat¬ 
ing,  the  tubes  were  cooled  and  the  contents 
were  transferred  into  500-ml.  wide-mouthed 
Erlenmeyer  flasks.  Volumes  were  made  up 
to  approximately  300  ml.,  about  3  grams  of 
potassium  iodide  were  added,  and  the  liberated 
iodine  was  titrated  with  0.05  N  sodium  thio¬ 
sulfate.  Starch  solution  was  added,  toward  the 
end  of  the  titration,  as  an  indicator. 

Results  and  Discussion.  Curves  illus¬ 
trating  the  effect  of  the  period  of  heating 
on  the  extent  of  oxidations  are  shown  in 
Figure  1.  Each  point  on  these  curves  is 
based  on  four  or  more  determinations,  and 
in  each  determination  the  sample  (2  ml. 
of  standard  solution)  was  of  such  size  that 
approximately  a  100  per  cent  excess  of 
potassium  dichromate,  based  on  complete 
reactions,  was  present. 

From  the  four  curves  for  oxidation  with 
50  per  cent  acid  mixtures  it  appears  that 
stoichiometrical  reactions  occur.  In  the  order 
methyl,  ethyl,  propyl,  and  butyl,  these 


reactions  consumed  15.7,  13.8,  19.9,  and  26  equivalents  of 
oxygen,  and  they  required  15,  15,  240,  and  120  minutes,  re¬ 
spectively,  at  water  bath  temperature,  90°  to  100°  C.  As  is 
illustrated  by  the  curves,  heating  beyond  these  minimal 
periods  did  not  significantly  increase  the  extent  of  oxidation. 

From  the  number  of  equivalents  consumed  in  these  reac¬ 
tions  it  appears  that,  in  all  cases,  the  glycol  portion  of  the 
molecule  is  completely  oxidized  to  carbon  dioxide  and  water. 
This  oxidation  theoretically  requires  10  oxygen  equivalents. 
Considering  the  equivalents  used  in  excess  of  10  for  each  com¬ 
pound,  it  appears  that  the  methyl  radical  is  oxidized  to  carbon 
dioxide  and  water,  the  ethyl  to  water  and  acetic  acid,  and  the 
propyl  and  butyl  to  carbon  dioxide,  water,  and  acetic  acid. 
These  oxidations  of  alkyl  radicals  are  in  agreement  with  the 
results  of  Polonovski  (5)  for  propionic  and  butyric  acids, 
Nicloux  U)  for  ethyl  alcohol,  and  Chapman  and  Thorp  ( 1 ) 
for  the  methyl  radical  in  esters. 

With  an  oxidizing  mixture  containing  55  per  cent  sulfuric 
acid,  reactions  requiring  20.4  instead  of  the  theoretical  20 
equivalents  for  the  propyl  derivative,  occur  within  60  minutes 
(fifth  curve  of  Figure  1) .  Additional  heating  results  in  further 
oxidation,  and  at  the  end  of  480  minutes  21.1  equivalents  have 
been  consumed.  Reactions  of  this  type  are  less  suited  to 
determinative  work  than  the  ones  previously  described; 
nevertheless,  there  are  instances  where  a  saving  in  time 
justifies  the  use  of  less  accurate  methods. 

The  theoretical  considerations  and  results  already  presented 
suggest  that  theoretical  factors,  based  on  reactions  requiring 
16,  14,  20,  and  26  equivalents,  respectively,  for  the  methyl, 
ethyl,  propyl,  and  butyl  derivatives,  should  be  satisfactory  for 
determining  these  glycol  ethers.  These  factors  as  well  as 
conditions  producing  corresponding  reactions  are  shown  in 
Table  I. 

The  suitability  of  these  factors  and  conditions  for  deter¬ 
mining  various  samples  in  aqueous  solution  is  indicated  by 
recovery  experiments  summarized  in  Table  II. 


MINUTES  HEATING 

Figure  1.  Effect  of  Period  of  Heating  in  a  Water  Bath  on  Completion 

of  Reactions 

Complete  reactions  are  theoretical  ones  requiring  16,  14,  20,  and  26  oxygen  equivalents,  re- 
spectively,  for  the  methyl,  ethyl,  n-propyl,  and  n-butyl  derivatives. 


375 


376 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  IS,  No.  6 


Table  I.  Factors  and  Conditions  Used  in  Determining 
Cellosolves 


Factor, 

Reaction 

Heating 

0.33  N 

Derivative 

Mixture 

Period 

K2Cr20r 

%  acid 

Min. 

Methyl 

50 

30 

1.584 

Ethyl 

50 

30 

2.141 

n-Propyl 

50 

240 

1.736 

n-Propyl 

55 

60 

1.736 

n-Butyl 

50 

120 

1.514 

Table  II.  Determination  of  Cellosolves  in  Aqueous 
Solution 


No.  of 

0.33  N 

Deter¬ 

K2Cr20- 

Average 

Derivative 

Sample 

minations 

Used 

Deviation 

Recovery 

Mg. 

Ml. 

% 

% 

50  Per  Cent  Sulfuric  Acid 

Methyl 

2.013 

4 

1.263 

0.2 

99.4 

4.026 

4 

2.491 

0.1 

98.2 

6.039 

4 

3.732 

0.2 

98.0 

Ethyl 

2.513 

4 

1.181 

0.8 

100.7 

5.026 

4 

2.309 

0.3 

98.4 

7.539 

4 

3.492 

0.5 

99.3 

n-Propyl 

2.005 

4 

1.152 

0.3 

100.0 

4.010 

4 

2.292 

0.7 

99.3 

6.015 

4 

3.338 

0.5 

96.3 

n-Butyl 

1.000 

6 

0.660 

0.8 

100.0 

2.000 

6 

1.318 

0.7 

99.8 

4.000 

6 

2.642 

0.5 

100.0 

6.000 

6 

3.879 

1.0 

97.9 

55  Per  Cent  Sulfuric  Acid 

n-Propyl 

2.005 

4 

1.211 

0.7 

104.6 

4.010 

4 

2.351 

0.1 

101.8 

6.015 

4 

3.374 

0.3 

97.4 

In  general,  with  50  per  cent  acid  mixtures,  recoveries  are 
not  significantly  affected  by  the  size  of  the  sample  used,  al¬ 
though  there  is  an  indication  that  large  samples  and  minimal 
heating  periods  give  low  recoveries  in  determinations  of  the 
propyl  derivative. 

With  the  55  per  cent  acid  mixtures,  recoveries  of  propyl 
glycol  ether  show  considerable  spread.  They  are  2.6  per  cent 
low  from  large  and  4.6  per  cent  high  from  small  samples. 

Vapors 

The  results  presented  indicated  that  oxidation  with  potas¬ 
sium  dichromate  is  satisfactory  for  determining  the  glycol 
ethers  in  water  solution;  therefore,  the  suitability  of  the 
method  for  vapors  was  investigated. 

Standard  vapor-air  mixtures  were  prepared  by  a  method  de¬ 
scribed  by  the  writers  (d).  Samples  were  obtained  in  calibrated, 
round-bottomed  flasks.  Sizes  of  these  flasks  were  selected  for 
individual  determinations,  so  that  the  samples  collected  would  be 
equivalent  to  not  more  than  50  per  cent  of  the  potassium  dichro¬ 
mate  present.  The  selected  samplers  were  charged  with  5  ml.  of 
0.33  N  potassium  dichromate  and  5  ml.  (6  ml.  in  determining  the 
propyl  derivative)  of  concentrated  sulfuric  acid.  They  were 
evacuated,  vapor  samples  were  obtained,  and  the  stoppered  flasks 
were  heated  in  a  boiling  water  bath  for  periods  listed  in  Table  I. 
The  flasks  were  cooled,  and  the  contents  transferred  into  500-ml. 
wide-mouthed  Erlenmeyer  flasks  for  titration.  The  potassium 
dichromate  consumed  was  determined  as  for  aqueous  samples, 
and  the  amounts  of  glycol  ethers  were  found  by  the  use  of  factors 
listed  in  Table  I. 

Results  and  Discussion.  The  agreement  between  aver¬ 
age  concentrations  found  in  different  chemical  determinations 
made  at  intervals  and  concentrations  calculated  from  weight 
loss,  during  several  hours,  in  the  saturating  bubblers  and  total 
air  flow  used  is  shown  in  Table  III.  In  view  of  the  well- 
known  difficulties  in  preparing  and  sampling  standard  vapor- 
air  mixtures,  the  agreement  shown  in  Table  III  is  as  good  as 
could  be  expected.  Apparently  the  reactions  employed  are 
about  as  suitable  for  determining  gaseous  as  aqueous  samples. 


Elkins  and  co-workers  (2)  have  recently  described  a  method 
for  the  estimation  of  Methyl  Cellosolve  (ethylene  glycol 
monomethyl  ether)  in  the  presence  of  certain  other  solvents. 
As  a  result  of  several  determinations  using  0.5  N  potassium 
dichromate  and  33  per  cent  sulfuric  acid  and  gently  refluxing 
for  4  hours,  they  obtained  an  oxygen  equivalent  of  15.5  for 
Methyl  Cellosolve.  In  a  single  similar  determination  of 
Cellosolve  (ethylene  glycol  monoethyl  ether)  they  ob¬ 
tained  a  value  of  13.2.  The  first  equivalent  is  3.1  per  cent 
and  the  second  is  5.7  per  cent  below  theoretical.  Thus,  it 
appears  that  when  these  solvents  alone  are  being  determined, 
stronger  acid  solutions  than  those  employed  by  Elkins  can  be 
used  advantageously.  With  50  per  cent  acid,  reactions  for 
the  methyl  and  ethyl  glycol  ethers  are  complete  within  15 
minutes  at  boiling  water  bath  temperature,  while  similar 
reactions  require  over  4  hours’  refluxing  with  33  per  cent 
sulfuric  acid  media. 


Table  III.  Determination  of  Cellosolve  Vapors 

Average  Concentration 


Derivatives 

Calculated 

Found 

Difference 

Mg./l. 

Mg./l. 

% 

Methyl 

0.93 

0.88 

-5.4 

2.88 

2.92 

+  1.4 

4.03 

4.12 

+2.2 

5.19 

5.15 

-0.8 

6.59 

6.54 

-0.7 

6.74 

6.19 

-8.1 

7.03 

7.16 

+  1.8 

10.50 

9.40 

-10.4 

21.08 

20.36 

-3.4 

Ethyl 

1.36 

1.34 

-1.5 

4.15 

4.32 

+4.1 

5.82 

5.95 

+2.2 

6.40 

6.64 

+3.8 

6.74 

7.14 

+  5.9 

8.14 

7.92 

-2.7 

10.30 

11.27 

+9.4 

n-Propyl 

1.82 

2.00 

+9.9 

5.54 

5.81 

+  4.9 

7.04 

7.15 

+  1.6 

9.94 

10.11 

+  1.7 

n-Butyl 

1.87 

1.94 

+  3.6 

2.71 

2.66 

-1.8 

3.22 

3.28 

+  1.9 

3.72 

3.43 

-7.8 

4.46 

4.47 

+0.2 

Summary 

Conditions  for  the  oxidimetric  determination  of  four 
monoalkyl  glycol  ethers  have  been  investigated,  and  stoichio- 
metrical  reactions  are  described.  In  general,  these  reactions 
are  but  slightly  influenced  by  heating  longer  than  the  neces¬ 
sary  minimum  in  50  per  cent  acid  media. 

The  long  heating  period  necessary  for  oxidation  of  the 
propyl  derivative  is  greatly  reduced  by  a  small  increase  in 
acid  concentration;  however,  the  more  rapid  oxidation  yields 
less  accurate  recoveries. 
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FORMALDEHYDE  is  one  of  the  common  contaminants 
of  the  industrial  environment.  Its  presence  in  the  air 
constitutes  a  potential  health  hazard.  Maximal  allowable 
concentrations  for  its  presence  in  air  continue  to  be  formulated 
and  this,  of  course,  necessitates  accurate  methods  for  its 
estimation. 

In  general,  small  amounts  of  gaseous  contaminants  in  the 
atmosphere  are  most  efficiently  collected  for  analysis  by 
bubbling  through  a  medium  that  reacts  with  the  vapor  to 
form  a  nonvolatile  compound.  This  fixation  mechanism 
prevents  the  expulsion  of  the  gas  during  the  sampling  by  the 
aerating  action  of  the  unabsorbed  constituents.  As  is  well 
known,  formaldehyde  gas  reacts  rapidly  with  aqueous  solu¬ 
tions  of  sodium  bisulfite  to  form  the  nonvolatile  sodium 
formaldehyde-bisulfite  compound : 

OH 

/ 

HCHO  +  NaHSOs  —  H2C 

X  0S02Na 

This  derivative  is  stable  in  slightly  acid  and  neutral  solu¬ 
tions  and  can  be  decomposed  only  when  the  solution  is  made 
distinctly  alkaline.  These  properties  permit  the  direct 
estimation  of  small  amounts  of  formaldehyde  by  destroying 
excess  bisulfite  with  iodine  at  pH  6  to  7,  and  subsequently 
liberating  the  sulfite  combined  as  sulfoxylate  by  proper  ad¬ 
justment  of  the  hydrogen-ion  concentration.  The  direct 
titration  of  this  dissociated  bisulfite  with  a  standard  iodine 
solution  affords  an  accurate  measure  of  the  formaldehyde 
collected,  which  is  independent  of  change  in  the  bisulfite-ion 
concentration  caused  by  atmospheric  oxidation  of  the  col¬ 
lection  medium. 

Analytical  methods  for  different  aldehydes  based  on  the 
formation  of  sulfoxylate  have  been  described  by  Clausen 
(S),  Donnally  (4),  Edwards  ( 5 ),  and  Friedemann  (6).  These 
methods  were  devised  chiefly  for  the  determination  of  the 
acetaldehyde-bisulfite  derivative  formed  in  the  assay  of 
lactic  acid.  The  principal  difficulty  in  the  titration  of  the 
formaldehyde  sulfoxylate  is  its  slow  rate  of  decomposition  in 
slightly  alkaline  solutions.  While  readily  decomposed  by 
caustic  solutions,  the  latter  interfere  with  the  iodometric 
determination  of  the  liberated  sulfite.  Investigation  revealed 
that  the  formaldehyde  complex  could  be  hydrolyzed  in¬ 
stantaneously  at  room  temperature  by  the  addition  of  a 
solution  of  sodium  carbonate  and  sodium  acetate,  and  that 
the  resulting  solution  could  be  titrated  to  a  stable  stoichio¬ 
metric  end  point. 

The  formation  of  bisulfite  addition  compounds  is  a  char¬ 
acteristic  reaction  of  aldehydes  and  ketones.  A  method 
based  on  this  reaction  is  not  subject  to  interference  by  sulfur 
dioxide,  alcohol,  the  halogen  gases,  and  volatile  organic  acids 
which  interfere  with  the  determination  of  formaldehyde  using 
Schiff’s  reagent  ( 1 ).  The  method,  as  proposed,  assays  total 
aldehyde  vapor.  In  the  examination  of  plant  atmospheres 
for  toxic  constituents,  the  identity  of  the  vapors  is  usually 
available  to  the  analyst  from  knowledge  of  the  manufactur¬ 
ing  process. 

On  rare  occasions  where  the  formaldehyde  is  accompanied 
by  acetone,  a  separation  can  be  effected  by  means  of  sodium 
bicarbonate.  The  acetone  derivative  is  completely  de¬ 


composed  in  media  containing  a  low  concentration  of  sodium 
bicarbonate,  whereas  the  formaldehyde-bisulfite  is  disso¬ 
ciated  only  when  the  solution  is  made  alkaline  with  sodium 
carbonate. 

Method  of  Analysis 

Reagents.  1  per  cent  sodium  bisulfite,  NaHS03. 

0.1  A  iodine  solution.  This  reagent  need  not  be  standardized. 

0.01  A  iodine,  prepared  by  dilution  of  0.1  A  iodine  solution. 
This  solution  must  be  standardized  daily  by  titration  against 
0.05  A  sodium  thiosulfate. 

1  per  cent  starch  solution. 

Sodium  carbonate  buffer  prepared  by  dissolving  80  grams  of 
sodium  carbonate  in  about  500  ml.  of  water,  adding  20  ml.  of 
glacial  acetic  acid,  and  diluting  to  1  liter. 

Method.  The  air  is  drawn  through  a  midget  impinger  ( 8 ) 
containing  10  ml.  of  1  per  cent  sodium  bisulfite  solution  at  a  rate 
of  1  to  3  liters  per  minute.  At  the  termination  of  the  sampling 
the  bisulfite  solution  and  washings  are  transferred  to  a  300-ml. 
cone  flask.  When  sampling  at  28  liters  per  minute  the  large  im¬ 
pinger  ( 8 )  is  filled  with  100  ml.  of  bisulfite  solution  and  a  10-ml. 
aliquot  is  removed  for  analysis.  The  solution  is  titrated  with  the 
0.1  A  iodine  solution  to  a  dark  blue  end  point,  using  1  ml.  of 
starch  as  an  indicator.  Excess  iodine  is  destroyed  by  the  addition 
of  1  or  2  drops  of  0.05  A  sodium  thiosulfate,  and  the  solution  is 
equilibrated  to  a  faint  blue  color  by  the  dropwise  addition  of  the 
0.01  A  iodine  solution.  The  excess  inorganic  bisulfite  is  thereby 
completely  oxidized  to  sulfate,  and  the  solution  is  now  ready  for 
assay  of  the  formaldehyde-bisulfite  compound. 

Twenty-five  milliliters  of  the  sodium  carbonate  reagent  are 
added  and  the  liberated  sulfite  is  titrated  with  0.01  A  iodine  solu¬ 
tion  to  a  faint  blue  end  point.  If  acetone  is  present,  the  solution 
is  treated  with  2  ml.  of  5  per  cent  sodium  bicarbonate  after  the 
destruction  of  the  free  inorganic  sulfite  in  the  collection  medium. 
The  sulfite  liberated  by  the  bicarbonate  is  removed  by  addition  of 
0.01  A  iodine  solution  and  the  pH  is  finally  adjusted  by  means  of 
the  sodium  carbonate  solution  for  the  final  titration  of  the  form¬ 
aldehyde-bisulfite.  When  the  volume  of  solution  used  for  the 
titration  is  less  than  1  ml.  it  is  desirable  to  run  a  blank  on  10  ml. 
of  1  per  cent  sodium  bisulfite.  This  blank  correction  does  not 
exceed  0.10  ml.  and  is  negligible  in  most  assays.  One  milliliter  of 
0.01  A  iodine  solution  is  equivalent  to  0.15  mg.  of  formaldehyde. 

The  accuracy  of  the  method  was  tested  by  adding  measured 
volumes  of  a  standardized  formaldehyde  solution  to  10-ml.  por¬ 
tions  of  1  per  cent  sodium  sulfite  and  analyzing  the  mixture  by  the 
described  procedure.  The  standard  formaldehyde  solution  pre¬ 
pared  by  diluting  the  37  per  cent  commercial  solution  to  a  con¬ 
centration  of  about  1  mg.  per  ml.  was  assayed  by  the  method  of 
Romijn  (7).  The  results  shown  in  Table  I  exhibit  good  agree¬ 
ment  between  the  formaldehyde  taken  and  recovered. 

By  using  a  microburet  reading  to  0.01  ml.  and  delivering 
droplets  of  about  0.03  ml.  it  is  possible  to  establish  the  two 
end  points  with  a  maximum  error  of  0.06  ml.  and  this  intro¬ 
duces  a  possible  error  of  1  per  cent  in  the  volumetric  esti¬ 
mation  of  1  mg.  of  formaldehyde.  With  smaller  quantities 
of  formaldehyde,  the  percentage  error  increases  rapidly,  and 
it  is  desirable  to  sample  a  sufficient  volume  of  air  to  provide 
at  least  0.5  mg.  of  formaldehyde  for  the  analysis.  In  the 
case  of  atmospheres  that  contain  formaldehyde  concentra¬ 
tions  of  about  20  parts  per  million,  approximately  20  liters 
of  air  must  be  sampled  for  each  10  ml.  of  bisulfite  solution  in 
the  impinger. 

The  formation  of  the  formaldehyde-bisulfite  is  not  inter¬ 
fered  with  by  the  concomitant  presence  of  small  amounts  of 
methyl  alcohol,  bromine,  or  acetic  acid,  which  may  on  occa¬ 
sion  be  collected  in  the  sodium  bisulfite  solution.  This  was 
tested  by  adding  the  substances  shown  in  Table  II  to  10 
ml.  of  1  per  cent  sodium  bisulfite  containing  1.03  mg.  of 
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Table  I. 

Analyses  of  Formaldehyde  Solutions 

Formaldehyde  Taken 

Formaldehyde  Recovered 

Difference 

Mg. 

Mg. 

Mg. 

0.021 

0.024 

+  0.003 

0.053 

0.058 

+  0.005 

0.106 

0.110 

+  0.004 

0.216 

0.220 

+  0.004 

0.426 

0.432 

+0.006 

0.638 

0.625 

-0.013 

1.064 

1.085 

+  0.021 

1.276 

1.270 

-0.006 

1.49 

1.46 

-0.03 

2.13 

2.04 

-0.09 

3.19 

3.01 

-0.18 

5.32 

5.24 

-0.08 

Table  II. 

Effect  of  Other  Vapors  on  Estimation  of 
Formaldehyde 

Formaldehyde  Taken  . - Foreign  Vapor - . 

Formaldehyde  Recovered 

Mg. 

Mg. 

Mg. 

1.03 

None 

1.02 

1.03 

None 

1.04 

1.03 

20  Methyl  alcohol 

1.05 

1.03 

50  Acetic  acid 

1.05 

1.03 

10  Bromine 

1.02 

1.03 

50  Bromine 

1.00 

1.03 

10  Acetone" 

1.01 

a  Acetone-bisulfite  dissociated  by  means  of  sodium  bicarbonate,  prior  to 
hydrolysis  of  formaldehyde  sulfoxylate. 


formaldehyde  and  analyzing  the  mixtures  by  the  proposed 
method. 

In  the  absence  of  other  aldehydes  the  use  of  bisulfite  for 
the  collection  medium  affords  a  simple  and  rapid  method  for 
the  estimation  of  the  formaldehyde. 

Efficiency  of  Bisulfite  as  a  Collection  Medium 

The  retentive  power  of  sodium  bisulfite  was  studied  by 
blowing  air  through  dilute  solutions  of  formaldehyde  and 
passing  the  vapors,  freed  from  spray  by  means  of  a  glass  wool 
plug,  through  a  train  of  two  impingers.  Both  impingers  con¬ 
tained  sodium  bisulfite,  and  in  each  case  a  similar  experiment 
was  conducted  in  which  the  vapor  was  first  bubbled  through 
water  and  then  through  a  second  impinger  containing  1  per 
cent  sodium  bisulfite  solution.  After  analysis  of  the  four 
solutions  it  was  possible  to  compare  the  relative  collecting 
efficiencies  of  water  and  the  bisulfite  solution  under  similar 
conditions  of  air  flow  and  formaldehyde  vapor  concentration. 
Preliminary  tests  in  which  known  amounts  of  dilute  form¬ 
aldehyde  solutions  were  completely  volatilized  by  a  stream 
of  dry  warm  air  and  collected  in  bisulfite  revealed  that  the 
vapor  was  recovered  quantitatively,  and  that  at  a  flow  of  3 
liters  per  minute,  97  per  cent  was  caught  in  the  first  impinger. 

On  the  basis  of  these  experiments,  it  is  safe  to  calculate  the 
efficiency  as  the  ratio  of  the  weight  of  formaldehyde  collected 
in  the  first  impinger  to  the  total  weight  found  in  the  train  of 
collecting  tubes.  Reproducible  rates  of  air  flow  were  secured 
in  the  case  of  the  slow  speed  measurements  with  the  aid  of  a 
large  Mariotte  flask.  It  was  observed  that  formaldehyde 
vapor  was  strongly  absorbed  by  rubber  tubing.  To  avoid 
loss  of  formaldehyde  from  this  source,  impingers  were  as¬ 
sembled  for  the  testing  work  that  have  the  entrance  and  exit 
tubes  in  a  straight  line  with  abutting  joints.  This  permits 
glass-to-glass  contact  between  adjoining  impingers,  using 
little  or  no  exposed  rubber  surface. 

The  results  of  these  experiments  (Table  III)  show  that  at 
slow  rates  of  air  flow  (1  to  3  liters  per  minute)  about  98  per 
cent  of  the  formaldehyde  is  collected  in  a  single  tube  of  bi¬ 
sulfite  solution,  and  that  even  at  a  flow  of  28  liters  per  minute 
the  95  per  cent  recovery  makes  the  use  of  a  single  impinger 
tube  permissible. 

Under  the  same  conditions  water  retains  between  69  and 
87  per  cent  of  the  formaldehyde  vapor.  The  results  also 
reveal  that  the  collection  efficiency  increases  with  increase 


in  the  formaldehyde  vapor  concentration.  The  95  per  cent 
absorption  in  1  per  cent  sodium  bisulfite  is  in  good  agreement 
with  the  value  of  93.6  per  cent  reported  by  Barnes  and 
Speicher  (2)  using  1.25  per  cent  potassium  hydroxide  as  the 
collection  medium,  and  the  same  air  flow  of  28  liters  per 
minute. 

Summary 

Formaldehyde  vapors  can  be  collected  quantitatively  in  a 
single  impinger  tube  containing  1  per  cent  sodium  bisulfite. 
The  resultant  solution  is  analyzed  volumetrically  by  titrating 
the  formaldehyde-bisulfite  by  means  of  a  standard  iodine 
solution.  The  simplicity  of  the  procedure  provides  a  con¬ 
venient  method  for  field  work. 


Table  III.  Comparative  Efficiency  of  Sodium  Bisulfite 
and  Water  as  Media  for  the  Collection  of  Formaldehyde 


Formaldehyde 

Collected  by  1st  Bubbler 

Air  Flow 

Concentration 

1%  NaHSOa 

Water 

L./min. 

P.  p.  m. 

% 

% 

1 

7 

100 

77 

1 

21 

97 

79 

1 

101 

98 

87 

3 

7 

96 

68 

3 

20 

97 

74 

3 

78 

98 

81 

28 

7 

95 

69 

28 

14 

95 

72 

28 

41 

95 

76 
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Furfural 

(Correspondence) 

Sir:  The  article  on  furfural  by  Ira  J.  Duncan  [Ind.  Eng. 
Chem.,  Anal.  Ed.,  15,  162  (1943)]  brought  to  mind  some  work  I 
once  did  on  preparation  of  furfural  from  ground  corncobs.  I  also 
observed  the  decomposition  of  furfural  by  hot  dilute  acid  and 
reasoned  that  considerable  furfural  is  probably  destroyed  during 
the  hydrolysis  of  the  pentosans  before  it  is  liberated  from  the  hot 
acid.  If  the  concentration  of  furfural  in  the  acid  can  be  reduced, 
yield  should  increase. 

One  way  to  accomplish  a  reduction  in  furfural  concentration  in 
the  reaction  mixture  is  by  the  addition  of  sodium  chloride. 
When  large  quantities  of  salt  were  added  to  the  acid,  it  was  found 
that  the  yield  of  furfural  could  be  increased  from  about  10  per 
cent  to  about  15  per  cent  of  the  weight  of  the  cobs,  indicating  a 
considerable  destruction  of  furfural  in  ordinary  hydrolysis.  Per¬ 
haps  some  use  could  be  made  of  this  technique  in  analytical  de¬ 
terminations. 

Vanderveer  Voorhees 

Standard  Oil  Co.  (Indiana) 

Chicago,  Ill. 


Determination  of  Small  Amounts  of  Tellurium 
in  High-Lead  and  Tin-Base  Alloys 

RALPH  A.  SCHAEFER 

The  Cleveland  Graphite  Bronze  Co.,  Cleveland,  Ohio 


A  simple,  rapid,  and  accurate  volumetric  method  for  the 
quantitative  determination  of  tellurium  in  high-lead  and 
tin-base  babbitts  has  been  developed.  The  analytical  de¬ 
tails  for  quantitative  determination  of  small  quantities 
of  tellurium  are  given. 


IN  THE  course  of  an  extensive  research  program  on  the  im¬ 
provement  of  tin-  and  lead-base  babbitts  for  bearing  pur¬ 
poses,  the  addition  of  tellurium  was  studied  thoroughly. 
The  analytical  determination  of  these  tellurium  additions  was 
very  important.  The  various  analytical  methods  recorded  in 
the  literature  were  tried  and  found  to  be  either  too  long  and 
tedious  or  of  insufficient  accuracy  ( 1 ,  3-9 ) . 

The  method  developed  in  this  laboratory  is  based  upon  dis¬ 
solving  the  alloy  in  concentrated  hydrochloric  acid  with  the 
aid  of  several  grams  of  potassium  chlorate,  diluting  the  solu¬ 
tion  with  water  to  approximately  an  acid  concentration  of  10 
per  cent  by  volume,  and  precipitating  the  tellurium  from  solu¬ 
tion  by  saturating  with  sulfur  dioxide.  The  solution  is  fil¬ 
tered  and  the  precipitate  is  dissolved  in  dilute  nitric  acid 
(2  to  1),  which  oxidizes  the  tellurium  only  to  the  valence  of 
4  ( 2 ).  Potassium  iodide  is  added  in  excess  and  the  liberated 
iodine  is  titrated  with  sodium  thiosulfate. 

The  following  equations  are  involved : 

H2Te03  +  4KI  +  4HN03  =  Te  +  2h  +  4KNO,  +  3H,0 

I2  4*  2Na2S203  —  2NaI  -}-  Na2S406 


Procedure 

Tellurium-Bearing  Tin-Base  Alloys.  Weigh  a  5.00-gram 
sample  of  the  tin-base  alloy  containing  the  tellurium  into  a  400- 
ml.  beaker.  Add  approximately  5  grams  of  potassium  chlorate 
and  50  ml.  of  concentrated  hydrochloric  acid  (22°  Be.)  and  heat  to 
the  boiling  point;  if  the  solution  is  not  complete  add  more  potas¬ 
sium  chlorate  and  repeat  the  process. 

For  every  volume  of  solution  add  2  volumes  of  water  and  boil 
for  at  least  5  minutes.  Add  10  ml.  of  a  1  per  cent  aqueous  solu¬ 
tion  of  hydrazine  sulfate  to  the  sample  containing  the  tellurium 
and  heat  to  the  boiling  point.  Precipitate  the  tellurium  by  bub¬ 
bling  the  sulfur  dioxide  through  this  hot  solution  for  at  least  15 
minutes.  After  precipitation  is  complete  allow  to  settle  for  at 
least  one  horn,  filter  on  a  platinum  cone  with  suction,  using 
Whatman  41H  filter  paper  or  a  similar  grade  of  paper  and  wash  the 
tellurium  with  hot  water  until  the  chloride  ions  are  completely 
removed.  Dissolve  the  precipitate  from  the  filter  paper  with  suc¬ 
cessive  portions  of  warm  dilute  nitric  acid  (2  to  1),  to  the  extent 
of  25  ml.  Wash  and  dilute  the  filtrate  to  approximately  200  ml. 

Add  about  2  grams  of  urea  to  eliminate  any  small  amount  of 
nitrous  acid  which  may  be  present,  cool  to  room  temperature,  and 
add  potassium  iodide  in  excess.  After  1  minute  titrate  the  liber¬ 
ated  iodine  with  sodium  thiosulfate  solution,  using  starch  as  an 
indicator.  The  end  point  is  permanent  for  several  minutes. 

In  alloys  containing  less  than  1  per  cent  of  tellurium  the  use  of 
0.01  N  sodium  thiosulfate  gives  an  accuracy  of  0.02  per  cent. 
However,  for  higher  percentages  of  tellurium  satisfactory  results 
can  be  obtained  with  more  concentrated  sodium  thiosulfate  solu¬ 
tions. 

Tellurium-Bearing  Lead-Base  Alloys.  Weigh  a  5.00-gram 
sample  of  the  lead-base  alloy  containing  tellurium  into  a  500-ml. 
flask,  add  30  ml.  of  concentrated  sulfuric  acid  (66°  Be.)  and  10 
grams  of  potassium  hydrogen  sulfate,  and  heat  until  all  the  metal 
is  dissolved  and  the  precipitated  salts  appear  white.  Allow  to 


cool,  add  80  ml.  of  water  and  10  ml.  of  concentrated  hydrochloric 
acid,  stir  the  solution  well  to  dissolve  the  tellurium  completely, 
filter  into  a  400-ml.  beaker,  and  wash.  Add  80  ml.  of  concen¬ 
trated  hydrochloric  acid,  dilute  the  solution  to  300  ml.  with  water, 
and  pass  a  rapid  stream  of  sulfur  dioxide  through  the  hot  solu¬ 
tion;  then  proceed  as  in  the  case  of  tin-base  alloys. 

Discussion 

In  order  to  check  the  accuracy  of  this  method  chemically 
pure  tellurium  dioxide  was  purchased  from  Eimer  and  Amend. 
With  this  material  as  a  source  of  the  tellurium  the  following 
data  were  obtained  by  using  aliquot  parts: 


Tellurium 

Tellurium  Found 

Taken 

Titration  method 

Gravimetric  method 

Gram 

Gram 

Gram 

0 . 0080 

0.0080 

0.0081 

0.0112 

0.0112 

0.0114 

0.0160 

0.0159 

0.0162 

0.0189 

0.0189 

0.0191 

The  addition  of  various  amounts  of  metallic  tellurium  to 
standard  alloys  also  gave  very  satisfactory  results  with  the 
titration  method.  Gravimetric  results  show  a  greater  devia¬ 
tion,  probably  due  to  contamination.  These  samples  were 
taken  in  the  same  manner  as  in  the  case  of  the  pure  tellurium 
dioxide. 

The  following  table  shows  the  results  when  various  amounts 
of  tellurium  were  added  to  a  standard  tin-base  babbitt,  alloy 
No.  54a,  purchased  from  the  National  Bureau  of  Standards: 


Tellurium 

Tellurium 

Found 

Taken 

Titration  method 

Gravimetric  method 

Gram 

Gram 

Gram 

0.0100 

0.0101 

0.0103 

0.0186 

0.0184 

0.0190 

0.0216 

0.0216 

0.0221 

0.0268 

0.0268 

0 . 0273 
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Mixed  Solvent  Extraction 

Notes  on  an  Analytical  Method 

JAMES  H.  WIEGAND,  Traverse  City,  Mich. 


Hunter  recently  presented  a  graphical  method  of 
attack  for  mixed  solvent  extraction  problems  in¬ 
volving  four  components.  The  equilateral  tetra¬ 
hedron  used  by  Hunter  is  modified  in  this  article 
to  a  rectangular  type  of  tetrahedron,  three  of 
whose  edges  coincide  with  the  three  axes  of  a 
rectangular  coordinate  system,  and  three  of  whose 
faces  are  isosceles  right  triangles.  With  rectangu¬ 
lar  coordinates,  the  methods  of  analytical  geome¬ 
try  are  readily  applied.  The  problem  given  by 
Hunter  is  solved  analytically  and  the  solution 
presented  in  the  form  of  generalized  equations  in 
terms  of  values  obtainable  from  the  characteristics 
of  the  system  and  from  the  statement  of  the 
problem.  The  numerical  example  given  by  Hunter 
is  solved  by  this  method.  The  results  compare 
well  with  the  graphical  method,  and  there  is  a 
large  saving  in  the  time  required  for  solution  of 
the  problem. 


A  RECENT  article  by  Hunter  (1)  presented  a  graphical 
method  of  computation  for  four-component  solvent  ex¬ 
traction  problems.  This  article  shows  the  application  of 
analytical  geometry  methods  to  such  a  problem,  with  large 
savings  in  the  time  and  the  difficulty  of  solution. 

Four-Component  System  on  Rectangular 
Coordinates 

The  system  of  representation  used  by  Hunter  consisted 
of  a  regular  equilateral  tetrahedron,  but  such  a  system  does 
not  lend  itself  readily  to  the  use  of  analytical  geometry 
methods.  Kinney  (8)  pointed  out  that  the  equilateral 
method  of  representation  for  three  components  can  easily 
be  converted  to  a  right-triangle  system,  using  the  ordinary 
x-y  coordinates.  In  such  a  case,  the  third  component  is 
defined  by  the  other  two,  since  the  total  of  the  weight  fractions 
must  equal  unity.  This  method  is  easily  extended  to  four 
components,  using  the  ordinary  x-y-z  coordinates  of  analyti¬ 
cal  geometry.  In  this  case,  three  edges  of  the  tetrahedron 
coincide  with  the  three  axes,  and  x,  y,  and  z  become  the 
weight  fractions  of  three  of  the  components.  The  fourth 
component  is  thus  defined,  since  the  total  of  the  weight 
fractions  of  the  four  components  must  equal  unity. 

Figure  1  shows  the  problem  given  by  Hunter  for  the 
system  acetone-chloroform-water-acetic  acid,  where  x,  y, 
and  z  represent  the  weight  fractions  of  water,  acetic  acid, 
and  acetone,  respectively.  For  convenience  in  comparison 
with  the  Hunter  article,  the  apexes  of  the  tetrahedron  are 
labeled  A,  B,S\,  and  S2.  The  line  RT  is  that  given  by  Hunter 
and  is  the  intersection  of  two  planes,  each  of  which  is  deter¬ 
mined  by  the  tie  line  in  one  face  and  the  opposite  apex. 

The  plane  containing  the  tie  line  in  the  x-y  plane  and  the  z 
apex  has  the  equation 


£  +  v  +  *  =  i 
*1  a  1 


(1) 


Similarly,  the  plane  containing  the  tie  line  in  the  x-z  plane 
and  the  y  apex  is  represented  by  Equation  2. 


x 

k% 


+  f  +  *-  =  1 

1  c 


(2) 


Equations  1  and  2  together  define  the  line  of  intersection,  RT. 
It  is  desired  to  find  the  intersection  of  fine  RT  with  the  straight 
line  joining  corresponding  points  on  the  two  equilibrium  curves. 
Except  for  the  case  of  RT  parallel  to  the  x  axis,  the  intersection 
can  be  found  by  intersecting  plane 


*  +  ^  -  1 
y*  z* 


(3) 


with  the  planes  defined  by  Equations  1  and  2.  For  the  final 
solution,  corresponding  values  of  x,  y*,  and  z*  can  then  be 
obtained  from  the  equilibrium  data  of  the  systems  involved. 

Equations  1,  2,  and  3  are  solved  simultaneously  by  first 
eliminating  x  between  Equations  1  and  2,  then  solving  the  result 
with  Equation  3  to  obtain  z,  giving 

2  -  fe  B  fo)  ~  (h  -  h/a)y* 

(^T  -  h ^  —  (h  —  h/a)y*/z* 


This  value  of  z  is  then  placed  in  Equation  3  and  the  equation 
solved  for  y,  giving 


(h  _  ^  y*  _  (fe  _  kl)y*/Z* 

~  fci)  -  (fa  -  ki/ a)y*/z* 


(5) 


These  values  for  y  and  z  are  then  placed  in  Equation  2  and 
the  equation  is  solved  for  x,  giving 


x  _  (1  /ca  -  1  )y*  -  (1/c  -  1)  -  (1/a  -  T)y*/z* 

—  hki  (Jii/c  —  ki)  —  (fc2  —  ki/a)y*/z*  '  ‘ 


Figure  1.  Four-Component  System  Represented  on 
Rectangular  Coordinates 
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Figure  2.  Relation  op  Tie  Line  Location  in  x-z  Plane 
to  Relative  Amounts  of  Mixture  and  Solvent 


Also 

OM  _  zm  —  Zo 

OSi  Zo 

so  that 

Zm 

0  RmXs  +  1 

From  the  similarity  of  right  triangles  in  Figure  2, 


(14) 


(15) 


£  _  Zp 

fa  fa  —  Xo 


(16) 


Combining  Equations  13,  15,  and  16  and  simplifying,  gives 


_  _ ZMkj _ 

RitXsifa  —  1)  +  fa 

Similarly 

wt.  of  S  _  wt.  of  £  wt.  of  M  _  Rm 
wt.  of  B  wt.  of  M  wt.  of  B  1  —  zm 

and  from  Figure  3, 

wt.  of  S  _  OR  _  xp 
wt.  of  B  OS  xs  —  xo 


(17) 


(18) 


(19) 


so 


Knowledge  of  y*,  z*,  fa,  fa,  a,  and  c  allows  solution  of  Equa¬ 
tions  4,  5,  and  6.  Tarasenkov  ( 6 )  has  pointed  out  that  the  tie 
lines  of  many  systems  intersect  at  a  point  on  the  extension  of  a 
side  of  the  phase  triangle.  For  such  a  case, 


Xo 

Also  from  Figure  3, 


RmXs 

Rm  +  1  —  zm 


(20) 


y*  i 

y*  2 

(7) 

h  —  xi 

fa  —  Xo 

Z*  1 

z*  0 

(8) 

fa  —  X  i 

fa  —  Xo 

where  subscripts  1  and  2  on  x,  y,  and  z  refer  to  the  two  layers, 
the  R-rich  and  the  Ri-rich,  respectively.  These  equations  repre¬ 
sent  a  type  of  distribution  equation  which  Tarasenkov  believes 
has  advantages  over  other  types  proposed.  Othmer  and  Tobias 
(5)  suggest  a  distribution  equation  of  the  form 

log  =  n  log  +  C  (9) 

0i  Xo 


OB 

OS 


(21) 


so 


Vo 


RmVs 

Rm  +  1  —  zm 


or,  since  ys  +  xs  =  1 

_  Rm{  1  —  xs) 

Rm  +  1  —  zm 

Then  from  the  similarity  of  right  triangles  in  Figure  3, 


(22) 


(23) 


where  b  is  the  weight  fraction  of  R,  and  n  and  C  are  constants. 

One  readily  apparent  advantage  of  Equations  7  and  8  over 
Equation  9  is  that  no  plotting  is  necessary.  Each  set  of  equi¬ 
librium  values  determines  a  value  of  k,  either  fci  or  k2.  The 
several  values  of  k  obtained  may  then  be  averaged  and  statistical 
calculations  applied  to  eliminate  poor  observations. 


The  intersection  of  tie  lines  in  a  point  may  not  be  a  univer¬ 
sal  rule  for  all  such  systems.  The  author  believes,  however, 
that  this  property  of  intersection  of  tie  lines  is  characteristic 
of  a  normal  type  of  distribution  for  liquid-liquid  systems, 
analogous  to  the  Raoult  law  for  liquid-vapor  equilibria. 

The  values  of  a  and  c  can  be  directly  related  to  the  com¬ 
positions  and  the  amounts  of  the  mixture  and  the  solvent. 
Figure  2  shows  the  x-z  plane  of  the  tetrahedron. 

Now 


wt.  of  Si  in  S  _  wt.  of  S  wt.  of  <Si  _  „ 

wt.  of  M  wt.  of  M  wt.  of  <S  mXs 

and  from  Figure  2,  by  geometry, 

wt.  of  Si  in  S  _  OM  _  xo 
wt.  of  M  OSi  1  —  Xo 


(10) 


(ID 


or 


Xo 

1  —  Xo 


=  RmXs 


(12) 


and 


a  _  y  0 

— ki  Xo  —  ki 

Combining  Equations  20,  23,  and  24  gives 

_  _ fi«(l  —  Xs) _ 

Rm  +  1  —  Zm  —  RMXs/kx 


(24) 


(25) 


RmXs 
RmXs  +  1 


(13) 


Figure  3.  Relation  of  Tie  Line  Location  in  x-y  Plane 
to  Relative  Amounts  of  Mixture  and  Solvent 
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For  systems  whose  tie  lines  do  not  intersect  in  a  point  on 
the  base  line,  the  particular  tie  lines  specified  by  the  problem 
in  question  can  be  used  to  determine  the  values  of  k\  and 
ki  for  solution  of  the  equations.  The  solution  is  also  valid 
for  ki  and  k2  both  positive,  both  negative,  or  one  negative  and 
the  other  positive. 


Table  I.  Comparison  of  Values  Obtained 
Several  Methods 

BY  THE 

Phase 

X 

y 

z 

Upper  layer 

Experimental 

0.574 

0.316 

0.075 

Graphical 

0.578 

0.318 

0.066 

Analytical 

0.565 

0.323 

0.069 

Lower  layer 

Experimental 

0.028 

0.096 

0.203 

Graphical 

0.033 

0.100 

0.202 

Analytical 

0.024 

0.095 

0.207 

Example 

Taking  the  example  used  by  Hunter  ( 1 ):  A  mixture,  consist¬ 
ing  of  27.8  per  cent  by  weight  of  acetone  and  72.2  per  cent  of 
chloroform  is  to  be  batch-extracted  at  25°  C.  in  a  single  stage 
with  a  mixed  solvent,  consisting  of  58.5  per  cent  of  water  and 
41.5  per  cent  of  acetic  acid.  The  ratio  of  the  weight  of  mixed 
solvent  to  the  weight  of  treated  mixture  is  to  be  0.93.  Then 
Rm  is  0.93,  xs  is  0.585,  and  zm  is  0.278. 

From  the  experimental  data  given  by  Hunter,  three  values 
of  fcj  may  be  calculated  from  Equation  7:  —0.239,  —0.273,  and 
—0.264,  with  a  mean  of  —0.259.  Three  values  of  k2  may  be 
calculated  from  Equation  8:  1.44,  1.56,  and  2.04,  with  a  mean 
of  1.68.  The  third  of  these  values  of  k2  differs  from  the  mean 
by  3.57  times  the  standard  deviation  for  the  three  values.  On 
a  plot  of  Equation  9,  for  the  data  from  which  these  three  values 
of  kt  were  calculated,  the  data  giving  the  value  of  k^  as  2.04  gave 
a  point  differing  widely  from  other  determinations  on  this 
system  (5),  while  the  two  groups  giving  ht.  values  of  1.44  and 
1.56  gave  good  agreement.  For  these  reasons,  the  value  of 
2.04  for  ki  has  been  discarded,  and  a  mean  of  1.50  used  in  this 
example  for  fe. 

Substituting  these  values  in  Equation  25  gives 

_  =  _ 0.93(1  -  0.585) _  = 

0.93  -  1  -  0.278  +  0.93(0.585/0.259) 


and 


0.278  X  1.50 

0.93(1.50  -  1)0.585  +  1.50 


0.235 


Substituting  the  known  and  calculated  quantities  in  Equations 
4,  5,  and  6  gives 


15.7 y*  -  3A0y*/z*  -  1.27 
6.64  -  4.02?/ */z* 


(26) 


6.64?/*  -  1.759 y*/z* 
6.64  -  4.02 y*/z* 

1.759  -  4.02?/* 

"  6.64  -  4.02 y*/z* 


(27) 

(28) 


Figure  4  shows  data  plotted  from  Hunter  ( 1 )  for  the 
systems  water-acetic  acid-chloroform  and  water-acetone- 
chloroform.  The  values  of  y*  versus  x  shown  in  Figure  4 
are  for  the  first  of  these  systems,  and  the  values  of  z*  versus 
x  are  for  the  latter.  Values  of  the  ratio  y*/z*  are  also  plotted 
versus  x  in  Figure  4  for  each  of  these  systems  to  aid  in  the 
calculations. 

Equation  26  is  solved  as  follows: 

A  value  of  x  is  assumed,  the  corresponding  values  of  y*  and 
y*/z*  are  read  from  Figure  4,  and  these  values  are  used  to 
calculate  x  from  Equation  26.  This  process  is  repeated  until 
the  calculated  value  of  x  equals  the  assumed  value.  The  value 
of  x  so  obtained  is  used  to  find  the  corresponding  values  of  y* 
and  y*/z*  from  Figure  4  to  use  in  solving  Equations  27  and  28 
for  y  and  z.  This  process  is  repeated  for  the  other  layer. 


k 


0.0  0.01  0.02  0.03 

X 


Figure  4.  Equilibrium  Relationships  for  Illustrative 
Problem  from  Data  of  Hunter  (I)  for  System  Water- 
Acetone-Acetic  Acid-Chloroform 


Table  I  shows  a  comparison  of  values  calculated  by  this 
method  with  both  the  graphical  and  experimental  values 
of  Hunter  (/).  The  comparison  is  satisfactory. 

Solvent  Refining  of  Oils 

The  method  described  above  for  four-component  systems 
is  suitable  for  use  in  calculations  on  the  solvent  refining  of 
oils  by  two  immiscible  solvents,  provided  that  the  assump¬ 
tions  of  Hunter  (7)  apply.  These  assumptions  are  (1)  that 
the  line  of  intersection,  RT,  in  Figure  1  is  the  desired  tie  line 
and  (2)  that  the  boundary  line  running  from  z  =  z*  to  y  =  y* 
is  a  straight  line.  A  test  of  these  assumptions  is  to  calculate 
the  compositions  on  the  basis  that  the  assumptions  are  valid, 
and  then  check  against  the  experimental  results. 

Two  changes  in  the  method  are  necessary  for  solvent¬ 
refining  calculations.  The  first  is  to  change  the  x  and  y 
axes  from  weight  fractions  to  volume  fractions  of  the  solvents. 
This  also  requires  all  calculations  to  be  on  the  basis  of  volumes 
rather  than  weights.  The  second  change  is  to  place  an  aux¬ 
iliary  scale  on  the  z  axis  graduated  in  terms  of  the  physical 
property,  such  as  density,  refractive  index,  or  viscosity 
gravity  constant,  which  is  used  to  characterize  the  stock 
to  be  treated.  This  method  of  plotting  has  been  described 
by  Hunter  and  Nash  ( 2 )  and  by  Kurtz  (4).  Values  of  this 
property  as  a  function  of  volume  fraction  of  solvent  <Si  are 
plotted  in  the  x-z  plane.  The  scale  used  for  the  physical 
property  should  be  such  as  to  give  a  suitably  sized  equilibrium 
curve  (2).  Once  plotted,  values  of  z*  for  use  in  the  calcula¬ 
tions  should  not  be  read  from  the  property  scale,  but  rather 
from  the  normal  z  scale  which  is  graduated  from  0  to  1. 
From  this  point  on,  the  calculations  are  identical  with  those 
described  above  for  four-component  systems. 

Conclusions 

The  methods  of  analytical  geometry  have  been  applied 
to  the  solution  of  four-component  system  problems  with 
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satisfactory  results.  To  facilitate  use  of  the  method,  the 
equilateral  tetrahedron  has  been  distorted  to  a  tetrahedron 
of  three  isosceles  right-angle  triangular  faces,  which  tetra¬ 
hedron  is  placed  on  an  x-y-z  rectangular  coordinate  system. 
Equations  have  been  derived  in  terms  of  general  properties 
of  liquid-liquid  equilibrium  systems.  The  introduction  of 
the  use  of  the  intersection  point  of  the  tie  lines  on  the  ex¬ 
tension  of  the  base  line  of  the  phase  triangle  allows  generalized 
equations  to  be  derived  for  the  solution  of  varied  problems  on 
the  same  system.  Additional  equations  have  been  derived 
which  relate  the  above  equations  to  the  conditions  of  a 
specific  problem.  The  resultant  saving  in  time  by  this  ana¬ 
lytical  method  is  large  over  the  graphical  method  of  Hunter 
{1),  especially  if  a  number  of  problems  must  be  worked  on 
the  same  system.  The  accuracy  of  the  analytical  method 
has  been  shown  to  be  satisfactory.  Its  application  to  solvent 
refining  has  also  been  shown. 

N  omenclature 

A,  B  =  components  of  treated  mixture 
C  =  constant,  Equation  9 
M  =  treated  mixture 

Rm  =  ratio  of  weight  of  mixed  solvent  to  weight  of  treated 
mixture 


S  =  mixed  solvent 

Si,  S2  =  components  of  mixed  solvent 

a  =  intercept  of  tie  line  in  the  x-y  plane  with  y  axis 
b  =  weight  fraction  of  component  B  in  the  treated  mixture 
c  =  intercept  of  tie  line  in  the  x-z  plane  with  the  z  axis 
k  =  intercept  of  tie  line  on  x  axis 
n  —  constant,  Equation  9 
x  =  weight  fraction  of  component  Si 
Xs  =  weight  fraction  of  component  Si  in  mixed  solvent  5 
y  =  weight  fraction  of  component  <S'2 
ys  =  weight  fraction  of  component  S2  in  mixed  solvent  S 
y*  =  value  of  y  from  the  equilibrium  curve  in  the  x-y  plane 
at  a  given  value  of  £ 

2  =  weight  fraction  of  component  "A 
zm  =  weight  fraction  of  component  A  in  treated  mixture  M 
z*  =  value  of  z  from  the  equilibrium  curve  in  the  x-z  plane  at 
a  given  value  of  x 
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Determination  of  Halogens  in  Organic 

Compounds 

ROBERT  R.  UMHOEFER 
The  General  Electric  Co.,  Pittsfield,  Mass. 


THE  decomposition  of  organic  halogen  compounds  by  the 
sodium-alcohol  method  {12)  has  advantages  over  most 
other  procedures  in  the  simplicity  of  both  the  technique  and  ap¬ 
paratus  required.  However,  the  usefulness  of  the  method  has 
suffered  not  only  from  inherent  limitations,  such  as  the  in¬ 
ability  to  decompose  effectively  gaseous  or  very  volatile  com¬ 
pounds,  but  also  from  some  degree  of  unreliability.  Uncer¬ 
tainties  in  the  analyses  have  been  experienced  mostly  with 
the  aromatic  compounds  in  which  the  halogens  are  firmly 
bound.  This  unreliability  is  evident  from  the  number  of 
papers  that  have  appeared  on  this  method  of  analysis,  and 
which  list  in  detail  the  conditions  that  are  necessary  for  good 
results  {1,  2,  3). 

A  number  of  modifications  have  been  tried  in  order  to  im¬ 
prove  the  reliability  of  the  original  procedure.  These  in- 


Table  I.  Analysis  of  Halogen  Compounds 


Halogen  Found 

Halogen 

Compound 

Isopropyl  alcohol 

sec-Butyl  alcohol 

Calculated 

% 

% 

% 

1,2,4, 5-Tetrachloro- 

65.6 

65.7 

65.7 

benzene 

Hexachlorobenzene 

74.7 

74.7 

74.7 

Hexachlorodiphenyl3 

60.3 

60.3 

59.0 

60.2 

60.2 

Heptachlorodiphenyl 

60.3 

60.2 

60.3 

oxide3 

60.3 

60.2 

Bromobenzene 

50.9 

51.0 

50.9 

o-Fluorodiphenyl 

10.7 

10.8 

11.0 

11.0 

a  Commercial  mixtures. 


elude  increasing  the  amount  of  sodium  used  {1,  13),  and  sub¬ 
stituting  higher  boiling  alcohols  for  the  ethyl  alcohol.  The 
alcohols  that  have  been  used  are  butyl,  amyl  (5),  isoamyl  (4), 
and  benzyl  (6).  Mixtures  of  a  high  boiling,  inert  solvent  and 
an  alcohol,  such  as  kerosene  and  amyl  alcohol  ( 8 ),  have  been 
tried.  With  the  exception  of  butyl  alcohol,  the  use  of  these 
higher  alcohols  has  the  disadvantage  of  requiring  a  water  ex¬ 
traction  of  the  halide  ion  before  its  determination.  Further¬ 
more,  these  alcohols  have  only  slightly  greater  usefulness 
than  ethyl  alcohol,  as  results  which  have  been  reported  show 
the  difficulty  in  obtaining  complete  decomposition  of  some 
of  the  compounds  analyzed.  Monoethanolamine-dioxane 
mixtures  have  been  successfully  used  as  a  solvent  in  this 
method  of  analysis  {10). 

Improvement  in  Method 

Secondary  alcohols,  notably  isopropyl  and  sec-butyl  alco¬ 
hol,  have  been  found  to  be  particularly  effective  solvents  for 
the  decomposition  of  halogen  compounds  with  sodium.  Iso¬ 
propyl  alcohol  is  soluble  in  water  and  sec-butyl  alcohol  is  suffi¬ 
ciently  soluble  so  that  extraction  of  the  halide  ion  is  not  neces¬ 
sary  before  its  determination. 

All  the  chlorine  and  bromine  compounds,  which  have  been 
analyzed  with  these  solvents,  have  been  easily  and  com¬ 
pletely  decomposed.  Results  for  a  few  of  the  more  refractory 
type  compounds  are  given  in  Table  I.  The  applicability  of 
this  method  to  the  analysis  of  chlorine  compounds,  and  also 
to  the  less  stable  bromine  and  iodine  compounds,  is  further 
indicated  by  the  favorable  results  obtained  in  the  analysis 
of  an  aromatic  fluorine  compound,  o-fluorodiphenyl.  In  this 
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case,  .a  longer  period  of  heating  was  necessary  to  secure  com¬ 
plete  decomposition. 

Discussion 

Some  of  the  advantages  which  isopropyl  and  sec-butyl 
alcohol  have  over  primary  alcohols  in  this  method  of  analysis 
are  due  to  their  slower  rates  of  reaction  with  sodium.  When 
ethyl  alcohol  is  used  as  the  solvent,  the  evolved  hydrogen 
covers  the  surface  of  the  sodium  and  prevents  effective  de¬ 
composition  of  the  halogen  compound  (8).  This  kind  of  in¬ 
terference  is  considerably  reduced  with  the  secondary  alcohols. 
Also,  the  slow  rate  of  formation  of  the  sodium  secondary  al- 
coholates  is  a  further  advantage,  as  no  interfering  precipitates 
are  formed  during  the  decomposition.  The  precipitation  of 
sodium  ethoxide  from  ethyl  alcohol  is  detrimental  to  the 
analysis  of  insoluble  compounds. 

sec-Butyl  alcohol  has  been  refluxed  from  5  to  6  hours  with 
sodium  without  the  precipitation  of  sodium  secondary  bu- 
toxide.  Isopropyl  alcohol  starts  to  precipitate  sodium  iso- 
propoxide  in  3  to  4  hours,  depending  somewhat  on  the  condi¬ 
tions.  As  all  the  chlorine  and  bromine  compounds,  which 
have  been  analyzed,  were  completely  decomposed  in  isopropyl 
alcohol  before  the  appearance  of  sodium  isopropoxide,  this 
would  not  be  a  factor  in  the  analysis  of  these  compounds. 
For  this  reason,  sec-butyl  alcohol  would  be  the  preferred  sol¬ 
vent  for  compounds  that  may  require  periods  of  decomposi¬ 
tion  longer  than  4  to  5  hours.  Outside  of  this  consideration, 
there  appears  to  be  no  choice  between  the  two  solvents. 

Isopropyl  and  sec-butyl  alcohols  are  better  solvents  for  the 
chlorinated  hydrocarbon  compounds  listed  in  Table  I  than  is 
ethyl  alcohol.  This  is  an  aid  to  the  decomposition  of  these 
compounds.  Difficulty  has  been  experienced  in  analyzing 
1,2,4,5-tetrachlorobenzene  because  of  its  low  solubility  in 
ethyl  alcohol  (2) ,  whereas  no  difficulty  of  that  nature  has  been 
experienced  with  either  isopropyl  or  sec-butyl  alcohol. 

No  formation  of  color  has  been  noticed  during  the  decompo¬ 
sition  of  the  samples  in  these  alcohols,  even  when  “technical” 
grades  have  been  used.  Thus,  the  inconvenience  of  specially 
purifying  the  solvent  is  avoided. 

ferf-Butyl  alcohol  proved  to  be  an  unsatisfactory  solvent 
because  of  the  low  solubility  of  its  sodium  salt. 

Procedure  for  Analysis 

With  Isopbopyl  Alcohol.  About  0.15  to  0.3  gram  of  sample, 
depending  on  the  halogen  content,  was  weighed  in  a  short  glass 
vial  and  placed  in  a  200-ml.  Erlenmeyer  flask  provided  with  a 
ground-glass  joint,  and  25  mi.  of  isopropyl  alcohol  and  1.8  to  2.0 
grams  of  sodium,  cut  into  4  to  5  pieces,  were  added.  The  iso¬ 
propyl  alcohol  was  Merck’s,  98  per  cent.  It  was  chloride-free, 
and  was  used  without  further  purification.  The  flask  was 
shaken  in  order  to  tip  the  sample  vial  onto  its  side,  and  then  con¬ 
nected  to  a  reflux  condenser.  The  alcohol  was  gently  refluxed 
for  2  to  2.5  hours  with  occasional  shaking.  Excess  sodium  was 
then  decomposed  by  cautiously  adding  water,  a  few  drops  at  a 
time,  through  the  condenser.  Finally,  60  to  80  ml.  of  water  were 
added,  the  flask  was  cooled,  2  to  3  drops  of  phenolphthalein  solu¬ 
tion  were  added,  and  the  contents  were  neutralized  by  adding 
approximately  6  N  nitric  acid  drop  by  drop.  To  determine 
chlorides,  the  solution  was  then  titrated  with  0.1  N  silver  nitrate, 
using  4  to  5  drops  of  a  1  per  cent  solution  of  dichlorofluorescein 
as  an  absorption  indicator.  Eosin  was  used  as  the  indicator 
when  bromides  were  determined  (5,  7). 

With  scc-Butyl  Alcohol.  The  procedure  was  essentially 
the  same  as  for  isopropyl  alcohol.  The  sec-butyl  alcohol  was 
Eastman  Kodak  “technical”,  chloride-free,  and  was  used 
without  further  purification.  Twenty  milliliters  of  alcohol  and 
1.5  to  1.7  grams  of  sodium  were  used.  At  the  end  of  2  to  2.5 
hours,  excess  sodium  was  usually  decomposed  by  adding  15  to  20 
ml.  of  95  per  cent  ethyl  alcohol  through  the  condenser.  Sixty  to 
80  ml.  of  water  were  then  added,  cautiously  at  first.  Before  the 
titration  for  chlorides  or  bromides,  5  to  10  ml.  of  95  per  cent 
ethyl  alcohol  were  added,  if  the  solution  was  not  homogeneous 
owing  to  the  insolubility  of  part  of  the  sec-butyl  alcohol. 
The  presence  of  undissolved  sec-butyl  alcohol  causes  a 
coagulation  of  the  silver  halide,  which  interferes  with  the  use  of 


an  absorption-indicator.  However,  this  may  be  an  advantage 
with  the  Yolhard  procedure  for  determining  chlorides. 

Analysis  of  o-Fluobodiphenyl.  Better  conditions  for  de¬ 
composing  o-fluorodiphenyl,  m.  p.  74-75°,  were  obtained  by  us¬ 
ing  a  20  X  130  mm.  test  tube  provided  with  a  ground-glass  joint. 
In  this  case,  10  ml.  of  sec-butyl  or  isopropyl  alcohol  and  1.5  grams 
of  sodium  were  used.  The  sec-butyl  alcohol  was  refluxed  for  5 
to  6  hours.  The  isopropyl  alcohol  was  refluxed  for  4.5  hours, 
which  resulted  in  the  consumption  of  most  of  the  sodium  and  the 
precipitation  of  considerable  quantities  of  sodium  isopropoxide. 
Fluoride  ion  was  determined  as  lead  chlorofluoride,  essentially 
by  the  method  of  Stark  (11). 

Discussion  of  Analytical  Procedure 

The  use  of  the  secondary  alcohols  in  the  decomposition  of 
stable,  slightly  soluble  organic  halides  results  in  a  greater 
precision  and  accuracy  than  are  obtained  by  using  ethyl  al¬ 
cohol  in  accordance  with  published  procedures. 

In  the  interests  of  simplicity  and  convenience,  no  attempt 
has  been  made  to  proportion  the  relative  amounts  of  alcohol, 
sodium,  and  sample.  This  has  been  done  according  to  em¬ 
pirical  formulas  in  the  case  of  ethyl  alcohol  (/,  8). 

The  amount  of  sodium  recommended  here  is  in  slight  ex¬ 
cess  of  that  which  is  consumed  in  the  2-  to  2.5-hour  period  of 
reflux  used  for  the  decomposition  of  chlorine  and  bromine 
compounds.  This  amount  should  thus  be  adequate  for  most 
types  of  compounds  and  for  variations  in  sample  size.  It 
may  be  necessary  to  increase  the  amount  of  sodium  used  by 
0.2  to  0.3  gram  for  periods  of  reflux  longer  than  3  to  4  hours, 
depending  on  conditions  such  as  rate  of  reflux,  purity  of  al¬ 
cohol,  and  the  reaction  vessel. 

The  2-  to  2.5-hour  period  of  reflux  has  proved  adequate  to 
decompose  the  more  refractory  type  of  chlorine  compounds. 
In  many  cases  this  time  can  be  reduced  as  1,2,4,5-tetrachloro¬ 
benzene  has  been  completely  decomposed  after  1  hour  of  re¬ 
flux,  using  either  isopropyl  or  sec-butyl  alcohol  as  the  solvent. 

Additional  analyses  are  required  on  different  types  of 
fluorine  compounds  in  order  to  establish  more  definitely  the 
best  conditions  for  their  decomposition.  As  many  fluorine 
compounds  show  great  stability,  longer  periods  of  reflux  will 
probably  be  necessary  to  obtain  complete  decomposition  by 
this  method.  In  this  case,  sec -butyl  alcohol  would  be  the 
better  solvent  to  use  because  of  the  higher  temperature  and 
the  longer  reflux  period  that  is  possible  before  the  separation 
of  sodium  sec-butoxide. 

Summary 

Isopropyl  and  sec-butyl  alcohols  are  very  effective  solvents 
for  the  determination  of  halogen  in  nonvolatile  compounds 
by  the  sodium-alcohol  method. 

The  application  of  these  alcohols  to  the  analysis  of  stable 
fluorine  compounds  has  been  indicated. 
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Determination  of  Chloride  in  Bauxite-Supported 
Anhydrous  Aluminum  Chloride  Catalysts 

W.  A.  La  LANDE,  Jr.,  HEINZ  HEIN  EM  ANN,  AND  W.  S.  W.  McCARTER 
Porocel  Corporation,  260  South  Broad  St.,  Philadelphia,  Penna. 


NUMEROUS  patents  describe  the  use  of  catalysts  made 
by  impregnating  bauxite  and  other  granular  adsorbents 
with  anhydrous  aluminum  chloride.  The  growing  large- 
scale  application  of  this  type  of  catalyst  makes  necessary  a 
dependable  method  of  analysis  for  control  during  manu¬ 
facture  and  for  assaying  shipments  and  spent  material. 
The  purpose  of  this  paper  is  twofold :  to  describe  satisfactory 
practical  procedures  for  the  determination  of  the  chloride 
content  of  the  catalyst,  and  to  discuss  the  experience  gained 
from  several  thousand  analyses. 

For  a  routine  determination  of  the  aluminum  chloride 
content  of  the  catalyst  the  total  chloride  may  be  calculated 
to  aluminum  chloride.  The  total  chloride  is  derived  not 
only  from  anhydrous  aluminum  chloride,  but  also  from 
partially  hydrated  aiuminum  chloride,  probably  basic 
aluminum  chloride,  small  amounts  of  hydrogen  chloride  and 
ferric  chloride,  and  possibly  traces  of  other  metallic  chlorides 
produced  by  the  action  of  aluminum  chloride,  hydrogen 
chloride,  and  water  on  the  carrier  during  the  impregnation. 
Of  all  the  methods  investigated,  extraction  with  water  and 
distillation  with  concentrated  sulfuric  acid,  followed  by  the 
volumetric  or  gravimetric  estimation  of  chloride  in  the  ex¬ 
tract  or  distillate,  gave  the  most  reproducible  results  after 
the  procedures  were  carefully  standardized.  Both  methods 
give  low  results,  since  it  is  impossible  to  wash  the  bauxite  free 
of  chloride  in  the  extraction  procedure,  and  impractical  to 
ensure  complete  volatilization  of  hydrogen  chloride  by  the 
hot  concentrated  sulfuric  acid  because  of  the  coarse  mesh 
size  of  the  sample  and  the  amounts  of  sample  and  sulfuric 
acid  it  is  feasible  to  employ  in  the  analysis. 


Table  I.  Comparison  of  Extraction  and  Distillation 

Methods 

. - Aluminum  Chloride - • 


Distillation  Method 

Extraction  Method 

Difference 

Samples0 

1 

2 

Av.  (a) 

i 

2 

Av.  (61 

(a)  -  (6) 

Unim¬ 

pregnated 

% 

% 

% 

% 

% 

% 

% 

bauxite 

0.00 

0.00 

0.00 

0.00 

1 

5.67 

5.99 

5.83 

5.77 

5.83 

5.80 

0.03 

2 

6.28 

6.28 

6.28 

6.20 

6.15 

6.18 

0.10 

3 

11.06 

11.22 

11.14 

11.54 

11.60 

11.57 

-0.43 

4 

12.38 

12.27 

12.33 

12.49 

12.18 

12.34 

-0.01 

5 

12.78 

12.70 

12.74 

12.22 

12.57 

12.40 

0.34 

6 

14.52 

14.46 

14.49 

13.97 

14.24 

14.11 

0.38 

7 

14.40 

14.67 

14.54 

14.53 

14.63 

14.58 

-0.04 

8 

16.79 

16.56 

16.68 

16.48 

16.52 

16.50 

0.18 

9 

16.63 

16.58 

16.61 

16.56 

16.16 

16.37 

0.24 

10 

15.70 

15.63 

15.67 

14.74 

14.75 

14.75 

0.92 

11 

16.12 

16.26 

16.19 

15.86 

15.74 

15.80 

0.39 

12 

18.25 

18.27 

18.26 

17.83 

17.84 

17.84 

0.42 

13 

18.10 

17.98 

18.04 

17.48 

17.49 

17.49 

0.55 

°  Samples  1  to  9,  inclusive,  were  4/10  mesh;  samples  10  to  13,  inclusive, 
were  6/14  mesh. 


Analytical  Procedures 

The  two  recommended  methods  are  given  in  detail  in 
the  following  sections.  Typical  results  are  shown  in  Table  I. 
The  analyses  were  made  on  commercial  preparations  of 
Isocel,  a  catalyst  containing  15  to  20  per  cent  of  aluminum 
chloride  on  low-iron  bauxite,  and  on  samples  taken  from  the 
impregnators  at  intermediate  stages  of  manufacture. 

Distillation  Method.  The  apparatus  illustrated  in  Figure  1 
is  constructed  from  a  500-ml.  Kjeldahl  flask  and  a  suitable  con¬ 


denser.  The  500-ml.  absorption  flask  shown  is  convenient, 
although  other  types  of  absorption  vessels  may  be  used. 

Approximately  20  grams  of  a  representative  sample  are  rapidly 
transferred  to  a  30-ml.  weighing  bottle  and  weighed  to  the 
nearest  milligram.  The  contents  of  the  weighing  bottle  are 
added  to  the  flask  through  a  wide  glass  tube,  flared  at  the  top, 
and  extending  a  few  centimeters  below  the  bottom  of  the  neck 
of  the  flask.  The  addition  tube  is  withdrawn,  the  flask  is 
clamped  in  position,  200  ml.  of  18  N  sulfuric  acid  are  added 
rapidly,  and  the  condenser  and  absorption  vessel  (containing 
200  ml.  of  water)  are  quickly  fitted  into  place. 


Figure  1.  Apparatus  for  Distillation  Method 


The  mixture  is  then  heated  carefully,  with  occasional  shaking, 
to  control  foaming.  The  distillation  is  continued  for  5  minutes 
following  the  first  appearance  (usually  after  20  to  25  minutes) 
of  an  oily  condensate  (sulfuric  acid)  in  the  upper  part  of  the 
condenser.  During  the  period  of  heating  approximately  100  ml. 
of  distillate  collect  in  the  receiver.  The  condenser  is  then 
removed  from  the  flask  and  washed  down  into  the  absorption 
vessel  with  two  25-ml.  portions  of  water.  The  contents  of  the 
absorption  vessel  are  washed  into  a  1-liter  volumetric  flask  and 
the  volume  is  adjusted  to  the  mark.  A  25-ml.  aliquot  is  trans¬ 
ferred  to  a  250-ml.  Erlenmeyer  flask,  1.5  ml.  of  concentrated 
nitric  acid,  25  ml.  of  0.1  N  silver  nitrate,  and  1  ml.  of  saturated 
ferric  alum  solution  are  added,  and  the  mixture  is  titrated  with 
0.1  N  ammonium  thiocyanate  according  to  the  directions  of 
Kolthoff  ( 1 ). 

Extraction  Method.  Approximately  50  grams  of  sample 
are  weighed  into  a  60-ml.  low-form  weighing  bottle.  The 
weighing  bottle  is  then  opened  under  300  ml.  of  cold  distilled 
water  in  a  800-ml.  tail-form  beaker  (or  the  sample  may  be 
rapidly  poured  into  the  water).  The  bottle  and  stopper  are 
removed  from  the  mixture,  which  is  then  heated  to  the  boiling 
point  with  mechanical  stirring  at  a  rate  which  keeps  the  granules 
in  suspension.  The  boiling  is  maintained  for  exactly  1  minute. 
The  mixture  is  then  allowed  to  settle  for  1  miDute  and  the  super¬ 
natant  liquid  (bearing  some  finely  divided  bauxite  in  suspension) 
is  decanted  into  a  1-liter  volumetric  flask.  Three  hundred 
milliliters  of  water  are  added  to  the  residue  in  the  beaker  and  the 
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heating,  stirring,  boiling,  and  decantation  are  repeated.  The 
residue  in  the  beaker  is  washed  into  a  mortar  and  the  lumps  are 
crushed  to  a  coarse  powder.  The  material  is  then  washed  back 
quantitatively  into  the  beaker,  the  volume  adjusted  to  approxi¬ 
mately  200  ml.,  and  the  extraction  procedure  again  repeated. 
The  contents  of  the  volumetric  flask  are  refrigerated  to  room 
temperature,  and  made  up  to  1000  ml.  The  chloride  content 
is  determined  as  described  under  the  distillation  method. 

The  data  in  Table  I  show  that  the  distillation  method 
usually  gives  higher  results  than  the  extraction  method, 
irrespective  of  the  chloride  content.  The  difference  between 
the  results  obtained  by  the  two  methods  is  greater  for  the 
preparations  of  finer  mesh  size.  The  mean  variation  between 
duplicate  determinations  on  each  of  a  series  of  13  samples 
was  0.12  for  the  distillation  method  and  0.14  for  the  ex¬ 
traction  method. 


Table  II. 


Sample  No. 

21 

22 


Chloride  Content  in  Relation  to  Size  of  Sample 

(Distillation  method) 

- - Aluminum  Chloride - . 

10-gram  sample  20-gram  sample  50-gram  sample 

%  %  % 

12.18  11.48  10.12 

16.03  15.55  14.37 


Discussion 

Distillation  Method.  In  determining  the  conditions 
for  the  distillation  method  it  was  necessary  to  consider  the 
size  of  the  sample,  the  amount  of  acid  used  for  the  digestion, 
the  mesh  size  of  the  sample,  and  the  means  for  detecting 
when  the  evolution  of  hydrogen  chloride  could  be  considered 
complete. 

It  was  found  that  reproducible  results  could  be  obtained 
by  heating  the  mixture  for  5  minutes  following  the  first 
appearance  of  a  few  drops  of  oily  distillate  (sulfuric  acid) 
in  the  upper  part  of  the  condenser.  At  this  point  the  super¬ 
natant  liquid  in  the  flask  is  chloride-free,  but  the  granules 
of  catalyst  remaining  undisintegrated  contain 
chloride  which  can  be  detected  after  pro¬ 
longed  soaking  in  water.  The  chloride  can  be 
entirely  expelled  from  the  unground  catalyst 
by  using  20  ml.  of  18  N  sulfuric  acid  for  each 
gram  of  sample  and  continuing  the  digestion 
until  the  bauxite  is  completely  decomposed. 

This  procedure  is  impractical  for  a  routine 
analysis,  since  a  20-gram  sample  would  require  400  ml.  of 
sulfuric  acid  and  several  hours’  digestion  at  fuming  temper¬ 
ature.  It  follows  that  higher  results  should  be  obtained  by 
decreasing  the  size  of  the  sample  without  changing  the 
amount  of  sulfuric  acid  used  for  the  decomposition.  The 
data  in  Table  II  show  the  average  values  obtained  for  the 
chloride  content  by  varying  the  size  of  the  analytical  sample 
while  otherwise  following  the  recommended  procedure. 
Experience  indicates,  however,  that  samples  smaller  than 
20  grams  should  not  be  used  because  of  excessive  variation 
due  to  sampling  difficulties;  lack  of  reproducibility  and  seri¬ 


ously  low  results  (due  to  variation  in  the  amount  of  chloride 
retained  by  the  bauxite)  are  encountered  when  samples 
substantially  larger  than  20  grams  are  used. 

Extraction  Method.  The  amount  of  chloride  found  by 
this  method  varies  with  the  number  of  extractions  and  the 
state  of  subdivision  of  the  sample.  Higher  values  are  ob¬ 
tained  by  extracting  a  finely  ground  sample,  but  serious 
errors  are  introduced  if  the  sample  is  ground  prior  to  the 
first  extraction;  however,  after  one  or  more  extractions  the 
granules  may  be  reduced  to  powder  without  loss  of  chloride. 
There  is  no  detectable  loss  of  hydrogen  chloride  during  the 
boilings.  The  volumes  of  water  recommended  for  the  ex¬ 
tractions  are  optimum;  larger  amounts  are  unnecessary  and 
inconvenient,  while  the  use  of  smaller  portions  results  in 
lower  values  for  the  chloride  content.  The  data  in  Table 
III  show  that  two  extractions  followed  by  crushing  and  a 
third  extraction  give  higher  values  than  one  to  three  extrac¬ 
tions  without  crushing,  or  one  extraction  with  subsequent 
crushing  and  one  re-extraction.  The  extracted  residues 
were  shown  by  the  distillation  analysis  to  contain  residual 
chloride  equivalent  to  8  to  9  per  cent  of  the  total  chloride 
content — i.  e.,  1.0  to  1.6  per  cent  of  aluminum  chloride  for 
samples  containing  13.5  to  19.5  per  cent  of  (total)  aluminum 
chloride  (Table  III). 

Although  the  distillation  method  and  the  extraction  method 
as  applied  directly  to  the  sample  give  low  results,  the  total 
chloride  content  can  be  calculated  from  the  sum  of  the 
values  obtained  by  the  standard  extraction  of  the  original 
sample  and  the  standard  distillation  procedure  applied  to  the 
ground  residue  from  the  extraction.  The  following  com¬ 
pilation  compares  the  results  obtained  by  the  standard 
methods  and  the  combination  procedure.  The  numbers  in 
parentheses  indicate  the  percentage  of  chloride  detected 
by  the  different  techniques.  While  a  combination  of  the 
two  methods  will  indicate  the  total  chloride  content  of  the 
catalyst,  it  is  too  time-consuming  to  be  recommended  for 
routine  plant  control  procedure : 


Standard  extraction  plus 
distillation  of  extracted 
residue 

Standard  distillation 
Standard  extraction 


Sample  14 


17.84  (100) 
16.68  (93.5) 
16.58  (92.7) 


-Per  Cent  Aluminum  Chloride- 
Sample  15  Sample  16 


Sample  17 


13.52  (100) 
12.49  (92.3) 
12.42  (91.9) 


16.37  (100) 
15.67  (96.4) 
14.75  (90.5) 


19.49  (100) 
18.26  (93.5) 
17.84  (91.5) 


Table  III.  Variation  of  Chloride  Content  with  Various  Extraction  Procedures 

Treatment 


Extrac- 

Extrac- 

1 

(luminum  Chloride  Co 

ntent - 

tions 

tions 

Sample  14“ 

Sample  15“  Sample  16“ 

Sample  17“ 

before 

after 

Original 

Extracted  f> 

Original  Extracted  b  Original 

Extracted  f> 

Original 

Extracted 

No.  crushing  crushing 

sample 

residue 

sample 

residue  sample 

residue 

sample 

residue 

% 

% 

% 

%  % 

% 

% 

% 

1  2 

1 

16.58 

1.26 

12.42 

1.10  14.75 

1.52 

17.84 

1.65 

2  3 

16.39 

1.09 

12.19 

0.95 

3  2 

16.20 

1.35 

11.87 

1.10 

4  1 

i 

16.17 

1.48 

12.00 

1.25 

°  Samples  14  and  15  were  4/8  mesb 

;  samples  16 

and  17 

were  6/14  mesh. 

i>  Determined  by  distillation  method. 

Soluble  Iron  Content  op  Catalyst.  The  data  in 
Table  IV  show  that  12  to  15  per  cent  of  the  iron  content  of 
the  carrier  is  converted  into  soluble  form  (probably  ferrous 
and  ferric  chlorides)  by  the  action  of  the  aluminum  chloride 
and  hydrogen  chloride  during  impregnation.  The  iron  con¬ 
tributed  by  the  aluminum  chloride  may  be  neglected,  since 
the  chemical  used  in  the  manufacture  of  these  samples  con¬ 
tained  only  0.1  per  cent  iron  (as  Fe2C>3).  The  bauxite  used 
as  carrier  contained  not  more  than  2.5  per  cent  FejOs  (vola¬ 
tile-free  basis) .  The  samples  were  processed  by  the  extraction 
method  and  the  extract  and  extracted  residue  were  analyzed 

for  iron.  The  iron  values 

_ _  are  calculated  on’  the  basis 

of  the  “as  received”  catalyst 
sample. 

Sampling.  The  sample 
taken  in  the  plant  for 
analysis  should  be  as  large 
and  as  representative  as 
possible.  It  is  delivered  to 
the  laboratory  in  a  tightly- 
stoppered  glass  container  and 
subdivided  with  a  16  to  1 
splitter  contained  in  a 
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Table  IV.  Distribution  of  Iron  in  the  Extraction  Method 

of  Analysis 


% 
( a ) 
in 

Fe  as  Fe2C>3 
(6) 

In  extracted 

Total  Fe  as 

%  Fe203 
Direct 
analysis  of 

Sample 

extract 

residue 

(a)  +  ( b ) 

catalyst 

18 

0.24 

1.74 

1.98 

1.87 

19 

0.24 

1.66 

1.90 

1.90 

20 

0.35 

2.05 

2.40 

2.23 

“dry  box”.  The  small  fraction  is  transferred  to  a  glass 
container  for  analysis.  The  analytical  sample  is  taken  by 
inserting  a  test  tube  (holding  20  or  50  grams  under  the  sam¬ 
pling  conditions)  into  the  bottle  to  the  bottom,  thereby  re¬ 
moving  a  reasonably  representative  portion  of  the  material 
for  transfer  to  the  weighing  bottle. 

Summary 

Decomposition  of  the  catalyst  with  sulfuric  acid  and  re¬ 
moval  of  the  liberated  hydrochloric  acid  by  distillation,  with 


subsequent  argentiometric  estimation  of  chloride,  give  re¬ 
producible  results  representing  92  to  96  per  cent  of  the  total 
chloride  content. 

Reproducible  but  low  results  for  the  chloride  content  of 
bauxite-supported  aluminum  chloride  catalysts  may  be 
obtained  by  water-extracting  the  catalysts  by  a  standardized 
procedure.  The  method  indicates  90  to  93  per  cent  of  the 
total  chloride  content  of  the  sample. 

The  total  chloride  content  of  the  catalyst  may  be  deter¬ 
mined  by  a  combination  of  the  two  methods:  standard  ex¬ 
traction  of  the  original  sample  plus  standard  distillation  of  the 
ground  residue  from  the  extraction. 

Either  the  extraction  or  the  distillation  method  is  proposed 
as  a  satisfactory  routine  procedure.  The  combination 
method  may  be  used  when  it  is  essential  to  know  the  ab¬ 
solute  chloride  content. 
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Sulfuric  acid  solutions  of  titanous  and 
chromous  sulfates,  obtained  by  passage 
through  the  Jones  reductor,  are  oxidized 
by  aeration  for  from  5  to  10  minutes  in  the 
presence  of  a  trace  of  copper  sulfate  as  a 
catalyst. 

Ferrous  sulfate  is  essentially  unoxidized 


THE  Jones  ( 6 )  reductor  was  originally  proposed  as  a 
rapid  and  convenient  device  for  the  reduction  of  ferric  to 
ferrous  salts,  prior  to  titration  with  a  standardized  solution 
of  an  oxidizing  agent.  The  solution  to  be  reduced  is  prefer¬ 
ably  a  sulfuric  acid  solution,  because  side  reactions  that  may 
occur  in  the  presence  of  hydrochloric  acid  are  thereby  avoided 
in  the  ensuing  titration. 

Although  the  Jones  reductor  is  convenient,  several  elements 
other  than  iron  are  also  reduced  by  zinc,  and  various  methods 
have  been  proposed  to  eliminate  the  effect  of  these  interfering 
elements.  Previous  studies  have  dealt  mainly  with  the  inter¬ 
ference  of  titanium. 

The  stability  to  air-oxidation  of  ferrous  sulfate  in  sulfuric  acid 
solution  was  studied  by  Baskerville  and  Stevenson  (2),  who 
showed  that  practically  no  oxidation  of  the  ferrous  sulfate  oc¬ 
curred  after  3  hours  of  aeration.  They  observed  also  that  the 
presence  of  cobalt,  chromium,  copper,  and  titanium  salts  had  no 
effect  upon  the  air-oxidation  of  the  ferrous  sulfate.  Thornton 
and  Roseman  ( 8 )  studied  the  preferential  oxidation  by  air  of  ti¬ 
tanous  sulfate  in  the  presence  of  ferrous  sulfate.  Their  results 
were  good,  but  they  suggest  that  “the  procedure  is  most  apt  to 
succeed  when  the  iron  is  equal  to,  or  preponderates  over,  the  ti¬ 
tanium”.  Gooch  and  Newton  (4)  used  bismuth  trioxide  for  the 


and  is  titrated  with  permanganate  after 
aeration . 

Best  results  are  obtained  by  using  0.0003 
millimole  of  copper  sulfate  in  about  300  ml. 
of  solution.  Larger  quantities  of  copper 
sulfate  lead  to  slightly  low  results  when 
both  chromium  and  titanium  are  present. 


preferential  oxidation  of  the  titanium.  Their  method  requires 
the  removal  of  the  excess  of  bismuth  trioxide  before  the  estima¬ 
tion  of  iron.  Brandt  (3)  used  titanium  trichloride  as  the  reduc¬ 
ing  agent  for  ferric  ion,  the  excess  titanium  trichloride  being  de¬ 
stroyed  by  copper  sulfate.  In  this  procedure  the  cupric  ion  is  re¬ 
duced  to  metal  by  the  titanium  trichloride  and  the  precipitated 
copper  is  filtered  off  before  titrating  the  iron. 

That  simple  air-oxidation  of  a  titanous  solution  is  not  depend¬ 
able  is  shown  by  McNabb  and  Skolnik  (7).  Their  results  corrob¬ 
orate  the  experience  of  Margaret  D.  Foster  of  this  laboratory, 
who  found  that  in  a  solution  containing  titanous  salt  equivalent 
to  0.04  gram  of  titanium  dioxide  less  than  three  fourths  of  the  ti¬ 
tanium  was  reoxidized  to  the  quadrivalent  state  after  10  hours  of 
aeration;  a  solution  containing  0.09  gram  of  titanium  dioxide 
was  less  than  nine-tenths  converted  in  the  same  time.  Axt  and 
Leroy  ( 1 )  increased  the  rate  of  oxidation  by  using  a  perforated 
plate  for  supplying  the  air. 

McNabb  and  Skolnik  (7)  found  that  the  addition  of  50  ml.  of 
saturated  mercuric  chloride  solution  greatly  increased  the  rate 
of  oxidation  of  titanous  sulfate  by  aeration. 

The  method  described  below  is  based  on  the  discovery  by 
Zintl  and  Wattenberg  (10)  that  copper  in  solution  catalyzes 
air-oxidation  of  titanous  ion.  This  method  is  applicable  for 
all  proportions  of  iron,  titanium,  and  chromium.  Molyb¬ 
denum  and  vanadium  should  be  absent. 
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Table  I.  Determination  of  Iron  in  the  Presence  of  Chromium  and  Titanium 

(3  ml.  of  0.0001  M  CuSO<  used) 


Experi¬ 
ment  No. 

Fe 

Taken 

TiOa 

Taken 

Cr20a 

Taken 

Aeration 

Fe 

Found 

Error 

Gram 

Gram 

Gram 

Min. 

Gram 

Gram 

1 

0.0315 

None 

None 

10 

0.0317 

+  0.0002 

2 

0.1576 

None 

None 

10 

0.1576 

None 

3 

0.0314 

0.5000 

None 

15 

0.0316 

+  0.0002 

4 

0.0314 

0.0030 

None 

5 

0.0313 

-0.0001 

5 

0.0942 

0.0030 

None 

5 

0.0940 

-0.0002 

6 

0.2512 

0.0030 

None 

5 

0.2511 

-0.0001 

7 

0.2512 

0.5000 

None 

15 

0.2513 

+  0.0001 

8 

0.0314 

None 

0.0030 

10 

0.0316 

+  0.0002 

9 

0.0314 

None 

0.5000 

10 

0.0314 

None 

10 

0.1256 

None 

0.0030 

10 

0.1255 

-0.0001 

11 

0.1256 

None 

0.5000 

10 

0.1254 

-0.0002 

12 

0.0630 

0.0010 

0.0010 

5 

0.0630 

None 

13 

0.0314 

0.0030 

0.0030 

5 

0.0314 

None 

14 

0.1570 

0 . 0030 

0.1200 

10 

0.1566 

-0.0004 

15 

0.0314 

0.3000 

0.0400 

10 

0.0313 

-0.0001 

16 

0.0315 

0.1400 

0 . 1400 

10 

0.0312 

-0.0003 

17 

0.0315 

0.0400 

0.3000 

10 

0.0313 

-0.0002 

18 

0.1260 

0. 1400 

0 . 0400 

10 

0.1259 

-0.0001 

19 

0.1577 

0 . 0400 

0.0400 

10 

0.1573 

-0.0004 

20 

0.0630 

0.0400 

0.1400 

10 

0.0628 

-0.0002 

21 

0.1265 

0.0400 

0.3000 

10 

0.1265 

None 

22 

0.0316 

0.2000 

0.0030 

10 

0.0316 

None 

23 

0.1256 

0 . 0030 

0.0030 

20 

0.1256 

None 

Apparatus 

Jones  Reductor,  as  described  and  illustrated  by  Hillebrand 
and  Lundell  (5).  The  20-  to  30-mesh  zinc  is  amalgamated  with 
3  per  cent  mercury  by  shaking  with  a  solution  of  mercuric 
chloride. 

Reagents 

Copper  Sulfate  Catalyst.  Solution  A,  0.25  gram  of  cupric 
sulfate  pentahydrate  in  500  ml.  of  water.  Solution  B,  0.0001 
molar  cupric  sulfate,  5  ml.  of  solution  A  in  100  ml.  of  water. 
Solution  B  should  be  made  up  fresh  occasionally. 

Potassium  Permanganate  Solution,  0.05  N,  aged  at  least  a 
week  and  filtered  through  asbestos.  Standardized  against  Bu¬ 
reau  of  Standards  sodium  oxalate. 

o-Phenanthroline  Indicator  ( 9 ),  0.75  gram  of  o-phenanthro- 
line  monohydrate  and  25  ml.  of  0.05  N  ferrous  sulfate  diluted  to 
50  ml. 


Procedure 

Pass  the  iron  solution  at  room  temperature  (about  200  ml., 
containing  10  ml.  of  concentrated  sulfuric  acid)  through  the 
Jones  reductor  at  a  rate  sufficiently  slow  to  ensure  complete 
reduction  (about  100  ml.  per  minute).  Add  to  the  reduced  solu¬ 
tion  3  ml.  of  0.0001  molar  copper  sulfate  and  pass  through  the 
solution  as  rapid  a  stream  of  air  as  is  possible  without  loss  by 
splashing.  Continue  the  aeration  for  5  minutes  after  the  violet 
color  of  titanous  sulfate  has  disappeared.  If  the  violet  color  is 
masked  by  the  green  of  chromium  salts,  aerate  the  solution  for 
10  minutes.  If  the  solution  is  essentially  colorless  after  reduction 
aerate  for  only  5  minutes. 

After  aeration,  titrate  the  solution  of  ferrous  sulfate  in  the  fol¬ 
lowing  manner: 

First  prepare  an  indicator  solution  by  adding  0.05  N  potassium 
permanganate,  a  portion  of  a  drop  at  a  time,  to  a  solution  con¬ 
taining  1  to  4  drops  of  the  o-phenanthroline  indicator  in  about  10 
ml.  of  10  per  cent  sulfuric  acid,  until  the  red  color  just  turns  to 
blue.  Pour  into  this  indicator  solution  a  portion  of  the  solution 
to  be  titrated,  and  set  aside.  Titrate  the  main  portion  of  the 
solution  to  the  appearance  of  the  permanganate  purple  color 
(if  much  chromium  is  present  the  solution  becomes  gray-green), 
add  the  reserved  portion,  and  titrate  to  the  disappearance  of  the 
red  color  of  the  indicator.  Calculate  the  iron  after  subtracting 
a  blank  determination  on  the  reagents  used. 

In  the  absence  of  much  chromium  the  solutions  may  be  titrated, 
but  with  less  accuracy,  without  the  o-phenanthroline  indicator. 


Experimental 

For  the  experimental  work  solutions  were  made  con¬ 
taining  known  quantities  of  iron,  titanium,  and  chromium  by 
mixing  various  volumes  of  standard  solutions.  The  strength 


of  the  iron  standard  was  established 
by  reduction  in  the  Jones  reductor 
and  titration  with  permanganate. 
Colorimetric  tests  with  hydrogen 
peroxide  showed  titanium  to  be  es¬ 
sentially  absent  in  the  iron  solution. 
The  titanium  standard  was  prepared 
from  reagent  grade  potassium  ti¬ 
tanium  fluoride  (the  fluorine  being 
expelled  by  repeated  fuming  with  sul¬ 
furic  acid)  and  the  titanium  content 
established  gravimetrically.  Colori¬ 
metric  tests  with  thiocyanate  showed 
no  iron  in  the  titanium  solution. 
Chromium  was  added  as  potassium 
dichromate  solution  made  from  the 
reagent  grade  salt  by  direct  weight. 
Standardized  pipets  and  burets  were 
employed. 

Preliminary  studies  were  made 
to  establish  the  optimum  con¬ 
centration  of  copper  sulfate  to 
catalyze  the  oxidation. 
Large  concentrations  of  copper  sulfate,  up  to  1  mole,  caused 
some  oxidation  of  ferrous  sulfate  when  both  titanium  and  chro¬ 
mium  were  present,  giving  a  maximum  error  in  ten  experi¬ 
ments  of  —0.0010  gram  of  iron.  However,  nine  experiments 
in  which  only  chromium  or  only  titanium  was  present  with 
the  iron  showed  a  maximum  error  of  ±0.0001  gram  of  iron. 

Table  I  shows  the  results  obtained  by  adding  3  ml.  of  0.0001 
molar  copper  sulfate  as  catalyst.  The  results  are  seen  to  be 
accurate  in  all  the  experiments  made  and  throughout  ex¬ 
treme  ranges  of  composition.  Experiments  using  still  less 
copper  sulfate  showed  somewhat  incomplete  oxidation  of  ti¬ 
tanous  sulfate  after  10  minutes’  aeration.  In  the  last  experi¬ 
ment  in  Table  I  the  aeration  period  was  increased  to  20  min¬ 
utes  and  showed  no  loss  in  ferrous  content  through  oxidation. 
In  experiments  3  and  7,  in  which  0.5  gram  of  titanium  dioxide 
was  taken,  the  violet  titanous  sulfate  color  persisted  for  9 
minutes;  consequently  the  aeration  period  was  extended  to  15 
minutes. 

Acknowledgments 

The  writers  gratefully  acknowledge  the  cooperation  of 
several  members  of  the  Chemical  Laboratory  of  the  U.  S. 
Geological  Survey.  The  work  was  done  under  the  supervision 
of  R.  C.  Wells,  chief  chemist,  whose  review  of  the  manuscript 
led  to  many  improvements.  Margaret  D.  Foster  made  avail¬ 
able  to  the  writers  her  experiences  with  air  oxidation  of  titan¬ 
ous  salts.  Joseph  M.  Axelrod  contributed  many  useful  sug¬ 
gestions  during  the  progress  of  the  investigation. 

Literature  Cited 

(1)  Axt,  M.,  and  Leroy,  M.,  Ing.  chim.,  24,  28  (1940). 

(2)  BaskerviUe,  C.,  and  Stevenson,  R.,  J .  Am.  Chem.  Soc.,  33,  1104 

(1911). 

(3)  Brandt,  L„  Chem.-Ztg..  42,  433,  450  (1918). 

(4)  Gooch,  F.  A.,  and  Newton,  H.  O.,  Am.  J.  Sci.,  23,  365  (1907). 

(5)  Hillebrand,  W.  F.,  and  Lundell,  G.  E.  F.,  “Applied  Inorganic 

Analysis”,  p.  101,  New  York,  John  Wiley  &  Sons,  1929. 

(6)  Jones,  Clemens,  Trans.  Am.  Inst.  Mining  Engrs.,  17,  411  (1888- 

89). 

(7)  McNabb,  W.  M.,  and  Skolnik,  H.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

14,  711  (1942). 

(8)  Thornton,  W.  M.,  Jr.,  and  Roseman,  R.,  J.  Am.  Chem.  Soc.,  57, 

619  (1935). 

(9)  Walden,  G.  H.,  Jr.,  Hammett,  L.  P.,  and  Chapman,  R.  B.,Ibid., 

53,  3908  (1931). 

(10)  Zintl,  E.,  and  Wattenberg,  H.,  Ber.,  56,  472  (1923). 

Published  by  permission  of  the  Director,  U.  S.  Geological  Survey. 


Extraction  of  Ascorbic  Acid  from  Plant  Materials 

Relative  Suitability  of  Various  Acids 

J.  D.  PONTING 

Western  Regional  Research  Laboratory,  Bureau  of  Agricultural  and  Industrial  Chemistry, 

U.  S.  Department  of  Agriculture,  Albany,  Calif. 


THE  stabilization  of  ascorbic  acid  during  its  extraction 
and  determination  has  long  been  a  problem.  Many 
different  extracting  acids  have  been  recommended,  such  as 
trichloroacetic  acid  by  Birch,  Harris,  and  Ray  (3),  acetic  by 
Bessey  and  King  (2),  metaphosphoric  by  Fujita  and  Iwatake 
(6),  oxalic  by  Watanabe  (14),  sulfosalicylic  by  Okrent  and 
Wachholder  (18),  metaphosphoric  plus  trichloroacetic  by 
Musulin  and  King  (12),  metaphosphoric  plus  sulfuric  by 
Mack  and  Tressler  (11),  and  various  other  mixtures.  Of 
these  extractants  metaphosphoric  acid  appears  to  be  in  most 
general  use  at  present,  and  has  been  found  in  this  laboratory 
by  Loeffier  and  Ponting  (9)  to  be  satisfactory  for  extracting  a 
wide  range  of  plant  materials.  However,  there  is  little  in¬ 
formation  in  the  literature  on  the  relative  ability  of  the 
various  acids  to  stabilize  ascorbic  acid  solutions,  and  there  is 
some  difference  of  opinion  as  to  which  acid  is  most  satis¬ 
factory  for  the  purpose. 

Watanabe  (14)  first  recommended  oxalic  acid  as  the  best  ex¬ 
tractant  for  ascorbic  acid,  but  in  a  later  paper  (15)  he  advised  the 
use  of  a  mixture  of  metaphosphoric  and  oxalic  acids.  Lyman, 
Schultze,  and  King  (10)  compared  metaphosphoric,  ortbophos- 
phoric,  sulfuric,  and  hydrochloric  acids  as  extractants  in  the 
presence  of  added  copper  and  found  metaphosphoric  acid  the 
best  of  this  group.  Willberg  (16)  compared  the  stability  of  ascor¬ 
bic  acid  in  oxalic,  acetic,  citric,  and  tartaric  acids  and  found 
oxalic  acid  to  be  the  best  of  the  group.  Krishnamurthy  and 
Giri  (8)  compared  the  stability  of  ascorbic  acid  in  many  carboxylic 
and  hydroxy  acids  in  the  presence  of  acetate  buffer  and  copper, 
and  found  the  stability  greatest  in  oxalic  acid.  Metaphosphoric 
acid  was  not  included  in  this  comparison.  Krishnamurthy  (7) 
studied  further  the  retardation  by  oxalic  acid  of  ascorbic  acid 
oxidation  (copper,  iron,  and  enzyme-catalyzed),  also  employing 
acetate-buffered  solutions  of  pH  5.6.  He  stated  that  the  degree 
of  retardation  produced  by  oxalic  acid  is  much  higher  than  that 
produced  by  either  metaphosphoric  acid  or  sodium  pyrophos¬ 
phate  at  corresponding  concentrations,  but  gave  no  supporting 
data. 

The  experiments  herein  described  were  undertaken  in 
order  to  establish  the  relative  merits  of  most  of  the  recom¬ 
mended  acids  and  also  other  common  acids  as  extractants  of 
ascorbic  acid,  with  the  possibility  of  finding  a  suitable  substi¬ 
tute  for  metaphosphoric  acid.  Another  readily  available 
acid  would  be  desirable  because  of  the  present  difficulty  in 
obtaining  metaphosphoric  acid  and  because  of  its  expense. 

Experimental 

The  method  used  for  the  ascorbic  acid  determinations  in 
making  these  comparisons  was  that  of  Loeffier  and  Ponting 
(9),  in  which  the  ascorbic  acid  is  determined  in  dilute  un¬ 
buffered  acid  by  measuring  the  reduction  of  the  dye  2,6- 
dichlorophenolindophenol  with  a  photoelectric  colorimeter. 
Since  the  method  employs  a  pure  acid  extractant  without 
added  buffer,  the  direct  comparison  of  acids  is  simple  and  less 
interpretation  of  results  is  necessary  than  in  the  case  of 
buffered  extractants. 

Too  high  a  concentration  of  any  of  the  acids  causes  bleach¬ 
ing  of  the  dye  (in  the  absence  of  ascorbic  acid)  and  therefore 
makes  the  determination  difficult  and  subject  to  error  because 
of  the  resulting  drift  in  the  galvanometer  reading.  Since  the 
effectiveness  of  the  various  acids  in  stabilizing  ascorbic  acid 
in  solution  tends  to  increase  with  their  concentration,  it  is 
desirable  to  use  the  greatest  concentration  that  does  not 


introduce  an  appreciable  error  due  to  bleaching  of  the  dye. 
This  optimum  concentration  was  determined  for  each  acid  as 
follows: 

The  rate  of  drift  in  galvanometer  reading  of  the  standard  1+9 
mixture  of  acid  and  dye  was  measured  (with  the  Evelyn  color¬ 
imeter)  in  the  absence  of  ascorbic  acid,  using  a  series  of  different 
acid  concentrations.  That  concentration  of  acid  was  selected 
which  caused  a  drift  in  galvanometer  reading  of  not  over  l/2 
division  per  minute  (1  division  =  1  per  cent  transmission),  since 
in  the  determination  the  readings  are  made  in  15  seconds  to  the 
nearest  y4  division.  Therefore,  there  was  no  error  caused  by 
fading  of  the  dye.  The  acid  concentrations  selected  are  listed  in 
Table  I.  These  concentrations  are  only  approximately  correct, 
since  a  variation  of  about  5  per  cent  is  not  important.  They  are 
for  use  with  pure  ascorbic  acid  solutions  and  do  not  apply  to  the 
extraction  of  plant  tissue.  In  the  latter  case  the  acid  concentra¬ 
tions  can  be  at  least  doubled  without  causing  bleaching  of  the  dye. 

With  the  above  criterion  of  suitable  acid  concentration, 
sulfuric  acid  can  be  ruled  out  at  once  as  unsatisfactory,  since 
it  has  the  peculiar  property  of  causing  rapid  bleaching  of  the 
dye  even  at  concentrations  too  low  to  turn  the  dye  red,  and 
far  too  low  to  stabilize  ascorbic  acid. 

In  determining  the  stabilizing  effect  of  each  acid  on  as¬ 
corbic  acid  the  following  procedure  was  employed : 

Approximately  8  mg.  of  crystalline  ascorbic  acid  were  weighed 
and  dissolved  in  acid  of  suitable  concentration  as  determined 
above,  to  give  250  ml.  of  solution  containing  about  3.2  mg.  of 
ascorbic  acid  per  100  ml.  Two  50-ml.  portions  were  set  aside  in 
stoppered  250-ml.  flasks  at  room  temperature  (about  23°  C.). 
Since  it  is  well  known  that  copper  catalyzes  the  oxidation  of 
ascorbic  acid,  copper  sulfate  pentahydrate  was  added  to  another 
100-ml.  portion  to  give  a  cupric-ion  concentration  of  10-4  M. 
This  solution  also  was  divided  into  50-ml.  portions  and  set  aside. 
The  remaining  50-ml.  portion  of  the  original  solution  was  used  to 
determine  the  pH  and  initial  concentration  of  ascorbic  acid. 
After  24  hours  the  residual  ascorbic  acid  was  measured  in  the 


Table  I.  Loss  of  Ascorbic  Acid  from  Pure  Solutions  in 
Various  Acids 


Acid 

pH 

Initial 

Ascorbic 

Acid 

0.5%  metaphos- 

2.10 

Mg.  % 

3.26 

phoric 

0.2%  oxalic 

1.86 

3.24 

0.07%  perchloric 

1.84 

3.24 

1%  citric 

2.17 

3.32 

0.5%  tartaric 

2.21 

3.26 

0.07%  nitric 

1.88 

3.23 

5%  acetic 

2.30 

3.28 

0.2%  maleic 

1.97 

3.32 

0.5%  sulfosalicylic 

1.64 

3.26 

0.2%  trichloro- 

2.07 

3.22 

acetic 

1%  lactic 

2.01 

3.26 

0.07%  hydrochloric 

1.68 

3.24 

0.2%  orthophos- 

phoric 

1.87 

3.26 

Water 

4.27 

3.29 

No  Copper  10  4  M  Copper 
Added  Added 


Ascorbic 

Ascorbic 

acid  after 

Av. 

acid  after 

Av. 

24  hours 

loss 

24  hours 

loss 

Mg.  % 

% 

Mg.  % 

% 

3.16 

2.8 

2.79 

14.4 

3.18 

2.79 

3.14 

2.8 

2.92 

9.9 

3.16 

2.92 

2.76 

14.5 

0.17 

95.7 

2.78 

0.10 

2.58 

24.1 

0.08 

97.6 

2.46 

0.08 

2.42 

24.5 

0.17 

94.8 

2.46 

0.17 

2.50 

25.7 

0.18 

94.4 

2.50 

0.18 

2.16 

31.4 

0.03 

99.5 

2.34 

0.00 

2.05 

35.6 

0.00 

99.4 

2.22 

0.04 

1.79 

45.4 

0.71 

78.3 

1.77 

0.71 

1.71 

46.6 

0.08 

97.5 

1.72 

0.08 

1.39 

58.3 

0.65 

81.6 

1.33 

0.55 

1.34 

61.1 

0.02 

99.4 

1.17 

0.02 

0.45 

86.2 

0.02 

99.7 

0.45 

0.00 

0 

100 

0 

100 
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solutions  which  had  been  set  aside.  The  solutions  without 
added  copper  were  tested  for  copper  with  sodium  diethyldithio- 
carbamate  and  found  to  give  negative  results  in  all  cases.  The 
solutions  were  made  up  in  water  twice  distilled  from  glass  and 
giving  no  test  for  copper  even  when  concentrated  1000  to  1. 

The  results  of  these  experiments  are  listed  in  Table  I. 
The  only  acids  showing  low  losses  with  pure  solutions  of 
ascorbic  acid  are  seen  to  be  metaphosphoric  and  oxalic. 
These  acids  therefore  were  used  to  extract  the  ascorbic  acid 
from  a  series  of  vegetables  and  fruits  in  order  to  check  the 
consistency  with  which  the  acids  exerted  a  stabilizing  effect 
in  different  plant  extracts  and  in  the  presence  of  ascorbic 
acid  oxidase. 

Twenty-five  to  50-gram  samples  of  plant  tissue,  depending  on 
its  ascorbic  acid  content,  were  blended  in  a  Waring  Blendor  for  5 
minutes  in  450  ml.  of  extracting  acid  of  concentration  shown  in 
Table  II  and  suction-filtered.  About  125  ml.  of  filtrate  were 
obtained  and  two  50-ml.  portions  were  set  aside  in  250-ml.  glass- 
stoppered  flasks.  The  pH  and  original  ascorbic  acid  were  deter¬ 
mined  using  the  remaining  25  ml.  of  filtrate.  In  the  case  of 
cabbage,  broccoli,  and  strawberries  more  filtrate  was  obtained 
and  two  portions  also  were  set  aside  with  added  cupric  ion  at  a 
concentration  of  10~4  M.  After  24  hours  the  ascorbic  acid  was 
measured  in  the  flasks  which  had  been  set  aside.  The  results  of 
these  experiments  are  shown  in  Table  II. 


Table  II.  Loss  of  Ascorbic  Acid  from  Extracts  of  Plant 
Materials  in  Oxalic  and  Metaphosphoric  Acids 

Ascorbic  Acid 


Plant  Material 

Extracting  Acid 

pH  of 
Filtrate 

Initial 

After  24 
hours 

Av. 

Loss 

Fresh  cabbage 

0.4%  oxalic 

1.79 

Mg./ 100  ml.a 

3.56  3.14,3.16 

% 

11.5 

0.4%  oxalic  +  Cu 

1.79 

3.56 

3.18,3.20 

10.4 

1%  metaphosphoric 

1.91 

3.33 

3.20,3.22 

3.6 

1%  metaphosphoric 
+  Cu 

1.91 

3.33 

2.95,2.95 

11.4 

Frozen  broccoli 

0.4%  oxalic 

1.87 

3.52 

3.12,3.14 

11.1 

0.4%  oxalic  +  Cu 

1.87 

3.52 

3.18,3.16 

9.9 

1%  metaphosphoric 

1.97 

3.37 

3.08,3.06 

8.9 

1  %  metaphosphoric 
+  Cu 

1.97 

3.37 

2.88,2.96 

13.4 

Frozen  lima 

0.4%  oxalic 

2.37 

1.67 

1.47, 1.42 

13.5 

beans 

1  %  metaphosphoric 

2.41 

1.76 

1.39, 1.39 

21.0 

Frozen  peas 

0.4%  oxalic 

2.02 

1.65 

1.08,  1.09 

34.2 

1  %  metaphosphoric 

2.17 

1.52 

1.11, 1.17 

25.0 

Frozen  straw¬ 

0.4%  oxalic 

1.68 

3.55 

3.04,3.03 

14.5 

berries 

0.4%  oxalic  +  Cu  _ 

1.68 

3.55 

2.97,2.97 

16.3 

1  %  metaphosphoric 

1.88 

3.12 

2.90,2.90 

7.1 

1  %  metaphosphoric 
4“  Cu 

1.88 

3.12 

2.55,2.55 

18.3 

°  Mg.  of  ascorbic  acid  per  100  grams  of  plant  tissue  =  mg.  per  100  ml.  of 
filtrate  X  18.9  for  cabbage,  broccoli,  and  strawberries;  and  mg.  per  100  ml.  of 
filtrate  X  9.8  for  lima  beans  and  peas. 


Discussion 

As  can  be  seen  from  the  duplicate  values  listed  in  Table  I, 
the  reproducibility  of  results  is  satisfactory  under  the  condi¬ 
tions  employed  and  the  values  are  comparable.  With  plant 
extracts  (Table  II)  the  losses  in  each  acid  are  reproducible 
and  the  initial  and  final  values  are  comparable,  but  the 
initial  ascorbic  acid  values  in  one  acid  are  not  to  be  compared 
with  those  in  the  other  acid  because  no  effort  was  made  to 
obtain  completely  uniform  samples  of  plant  tissue.  With 
uniform  samples  the  ascorbic  acid  values  are  the  same  with 
either  metaphosphoric  or  oxalic  acid.  In  either  acid  there  is 
no  loss  of  ascorbic  acid  during  blending  for  the  usual  5 
minutes;  in  fact,  at  the  start  of  this  work  a  10-minute  blend¬ 
ing  period  wras  used  to  promote  oxidation,  but  this  method 
was  abandoned  because  the  losses  in  metaphosphoric  and 
oxalic  acids  were  within  the  experimental  error,  even  though 
the  temperature  reached  45°  C. 

It  is  obvious  that  the  stability  of  ascorbic  acid  solutions  is 
not  merely  a  function  of  pH  but  depends  also  on  the  nature 
of  the  acid  (Table  I) .  Thus  metaphosphoric  acid  with  a  pH 
of  2.1  show's  a  2.8  per  cent  loss,  in  the  absence  of  copper,  and 
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orthophosphoric  acid  with  a  pH  of  1.87  shows  a  loss  of  86.2 
per  cent  under  similar  conditions. 

Oxidation  of  pure  ascorbic  acid  in  water  solution  wras  com¬ 
plete  at  pH  4.27,  although  the  water  contained  a  copper  con¬ 
centration  of  less  than  5  X  10 _9  M.  One  hundred  milligrams 
of  the  ascorbic  acid  in  10  ml.  of  water  gave  a  negative  test  for 
copper;  this  was  about  300  times  the  concentration  used  in 
the  experiments. 

From  the  results  listed  in  Table  I,  it  is  evident  that  the 
only  acids  of  the  group  listed  which  are  satisfactory  for  the 
extraction  of  ascorbic  acid  are  oxalic  and  metaphosphoric. 
Oxalic  acid  seems  to  be  the  more  effective  of  the  two  in  in¬ 
hibiting  oxidation  in  the  presence  of  copper,  whether  ascorbic 
acid  oxidase  is  present  or  not  (Tables  I  and  II).  WTith  some 
vegetable  extracts  in  oxalic  acid  (Table  II)  the  loss  of  ascorbic 
acid  in  the  presence  of  added  copper  was  less  than  in  its 
absence.  No  explanation  is  offered  for  this,  but  it  appears 
to  be  a  rather  consistent  phenomenon.  In  the  absence  of 
copper  the  losses  of  ascorbic  acid  in  plant  extracts  were 
generally  a  little  less  in  metaphosphoric  than  in  oxalic 
acid. 

In  a  series  of  tests  with  plant  extracts  in  0.5  per  cent  oxalic 
acid  and  1  per  cent  metaphosphoric  acid,  the  losses  were 
generally  a  little  less  in  oxalic  than  in  metaphosphoric  acid. 
The  concentration  of  either  acid  can  be  markedly  increased 
in  the  presence  of  plant  extracts  without  causing  bleaching  of 
the  dye,  but  even  in  vegetables  having  a  high  pH  it  has  not 
been  found  necessary  to  use  a  concentration  greater  than 
0.5  per  cent  for  oxalic  acid  or  2  per  cent  for  metaphosphoric 
acid  to  pi  event  oxidation  of  ascorbic  acid  during  blending. 
Ordinarily  a  concentration  of  0.3  per  cent  for  oxalic  or  1  per 
cent  for  metaphosphoric  acid  is  satisfactory,  used  in  a  ratio 
of  7  volumes  of  acid  to  1  of  plant  material,  or  higher.  This 
ratio  has  been  found  necessary  to  obtain  extraction  of  the 
ascorbic  acid  to  equilibrium  between  the  solid  and  liquid 
phases  (Loeffler  and  Ponting,  9). 

Both  oxalic  and  metaphosphoric  acids  prevent  enzymic 
oxidation  of  ascorbic  acid,  as  shown  by  an  even  lower  loss  in 
fresh  cabbage  extract,  which  contains  a  relatively  large 
amount  of  ascorbic  acid  oxidase,  than  in  extracts  of  peas  or 
strawberries,  which  contain  practically  none.  (The  frozen 
vegetables  listed  in  Table  II  were  all  blanched  prior  to  freez¬ 
ing.)  This  is  to  be  expected,  since  Ebihara  (4)  found  no 
activity  of  ascorbic  acid  oxidase  below  pH  4  and  Engelhardt 
and  Bukin  (5)  found  none  below  a  pH  of  about  3.5. 

As  Lyman,  Schultze,  and  King  (10)  have  shown,  meta¬ 
phosphoric  acid  buffers  have  no  value  in  stabilizing  ascorbic 
acid  above  a  pH  of  about  3.3.  This  is  in  marked  contrast  to 
the  stability  at  a  high  pH  in  buffers  containing  oxalic  acid, 
which  has  been  pointed  out  by  Krishnamurthy  (7).  In 
confirmation  of  Krishnamurthy,  the  author  has  found  almost 
the  same  rate  of  oxidation  in  a  0.01  M  ammonium  oxalate 
buffer  at  pH  5.6  as  in  the  acid  itself  at  pH  1.86 — namely, 
about  3  per  cent  in  24  hours  under  the  conditions  described 
above — and  for  the  measurement  of  ascorbic  acid  oxidase,  a 
0.01  M  oxalate  buffer  of  pH  6.0  is  employed,  in  which  no 
measurable  nonenzymatic  oxidation  of  ascorbic  acid  occurs 
in  20  minutes,  even  though  considerable  copper  (up  to  2  or 
3  p.  p.  m.)  is  present. 

There  is  often  a  difference  in  turbidity  of  oxalic  acid  and 
metaphosphoric  acid  extracts  of  fruit  or  vegetable  tissue. 
With  some  materials  oxalic  acid  gives  the  clearer  filtrate  and 
with  some  the  metaphosphoric  acid  extract  is  clearer.  In 
either  case  the  turbidities  do  not  interfere  in  the  colorimetric 
method  used. 

Because  of  the  instability  of  metaphosphoric  acid,  pointed 
out  by  Bessey  ( 1 ),  solutions  of  this  acid  must  be  made  fresh 
every  few  days.  Oxalic  acid  solutions,  on  the  other  hand, 
can  be  made  in  large  quantities  and  stored  indefinitely. 
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Summary  and  Conclusion 

Of  the  13  acids  compared  as  to  their  stabilizing  effect  on 
ascorbic  acid  solutions  under  conditions  favorable  to  oxida¬ 
tion,  only  metaphosphoric  and  oxalic  acids  appeared  suitable, 
these  two  acids  being  far  superior  to  any  of  the  others  and 
about  equally  satisfactory.  It  is  concluded  that  oxalic  acid 
may  be  safely  substituted  for  metaphosphoric  acid  in  the 
determination  of  ascorbic  acid,  thus  providing  a  more  stable, 
more  easily  obtainable,  and  less  expensive  extractant. 
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Apparatus  for  Purification  of  Hydrocarbons 

by  Recrystallization 

JOHN  LAKE  KEAYS1,  University  of  British  Columbia,  Vancouver,  Canada 


DURING  the  course  of  an  investigation  into  the  properties 
of  normal  paraffin  straight-chain  hydrocarbons,  it  was 
necessary  to  synthesize  various  homologs  and  to  obtain 
them  in  the  highest  possible  state  of  purity.  Purification 
was  accomplished  principally  by  repeated  recrystallization 
from  glacial  acetic  acid,  since  the  higher  paraffin  homo¬ 
logs  are  slightly  soluble  in  this  acid  at  boiling  temperatures 
and  quite  insoluble  in  the  acid  at  room  temperatures.  A 
description  of  the  apparatus  used  may  be  of  particular  inter¬ 
est  to  those  wishing  to  prepare  pure  hydrocarbons. 

In  practice,  the  impure  hydrocarbon  was  dissolved  by 
heating  to  the  boiling  point  1  to  3  grams 
of  the  hydrocarbon  per  liter  of  acid.  Upon 
cooling,  the  hydrocarbon  crystallized  out 
in  a  mass  of  small,  white  needles.  This 
procedure  was  repeated  until  the  sample 
gave  a  constant  melting  point.  In  some 
cases  it  was  found  necessary  to  repeat  the 
crystallizations  as  many  as  twenty  times, 
the  final  melting  point  being  approached 
asymptotically. 

In  order  to  facilitate  the  operation,  which 
is  rather  cumbersome  and  tedious  when 
carried  out  by  the  usual  method,  and  to 
reduce  the  possibility  of  contamination 
from  outside  sources,  the  apparatus  shown 
in  Figure  1  was  devised. 

Two  5-liter  flasks  were  connected  across  a 
condenser,  as  shown.  The  hydrocarbon  to 
be  purified  was  dissolved  in  pure  glacial 
acetic  acid  and  poured  into  flask  2  through 
the  condenser,  vacuum  being  applied  to  the 
system  through  A  and  C.  When  this  method 
was  not  practical,  as  in  the  case  of  hydro¬ 
carbons  with  high  melting  points,  flask  2 
was  filled  with  the  acid  and  the  solid  hy¬ 
drocarbon  was  dropped  down  through  the 
condenser.  Flask  2  was  then  heated  and 
the  mixture  allowed  to  reflux  for  several  hours. 


In  this  way  it  was  possible  to  purify  by  recrystallization  up  to  15 
grams  of  the  hydrocarbon  at  one  time. 

When  the  acid  was  allowed  to  cool  to  room  temperature,  the 
hydrocarbon  crystallized  out  and  collected  as  a  diffuse,  white, 
cloudlike  layer  on  top  of  the  acid. 

Section  F  consisted  of  10  cm.  of  2.5-cm.  bore  Pyrex,  joined  to 
2-mm.  bore  tubing.  This  tubing  was  connected  through  stopcock 
D  to  flask  1.  The  expanded  section,  F,  was  filled  with  acid- 
washed  glass  wool  and  so  packed  as  to  provide  a  filter  for  the 
hydrocarbon  crystals  and  whatever  solid  or  insoluble  impurity 
might  be  included  with  the  sample  being  purified.  With  stop¬ 
cocks  C  and  A  closed,  suction  was  applied  through  B,  transmitted 
through  stopcock  D,  through  E  and  F  to  the  bottom  of  flask  2. 
When  all  the  mother  liquor  had  been  drawn  into  flask  1  from 


1  Present  address,  Powell  River,  B.  C. 


Figure  1.  Diagram  of  Apparatus 
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flask  2,  stopcocks  B  and  D  were  closed,  C  was  opened,  and  heat 
was  applied  to  flask  1.  Acid  was  distilled  into  flask  2  until  2.5 
or  5  cm.  (1  or  2  inches)  of  impure  acid  residue  remained  in  the 
bottom  of  flask  1. 

With  successive  cycles  of  operation,  the  hydrocarbon  in  flask  2 
became  purer,  and  the  acid  in  flask  1  became  contaminated  with 
increasing  amounts  of  soluble  impurities.  At  regular  intervals, 
samples  of  hydrocarbon  were  withdrawn  from  flask  2.  This  was 
accomplished  as  follows:  When  all  but  50  to  100  ml.  of  acid  had 
been  drawn  into  flask  1,  a  long  glass  tube  was  inserted  into  flask 
2  through  the  mouth  of  the  condenser  at  G,  and  through  this 
tube  several  milliliters  of  acid  and  crystals  were  drawn  off.  The 
crystals  were  filtered,  washed  thoroughly  with  distilled  water, 
and  dried,  and  a  melting  point  determination  was  made. 

When  the  hydrocarbon  was  considered  sufficiently  pure,  as  in¬ 
dicated  by  constant  melting  point,  stopcocks  C  and  D  were 
closed,  pressure  was  applied  through  B  and  the  impure  acid  was 
discharged  through  A.  Flask  1  was  thoroughly  cleaned  by  re¬ 
peated  washing  with  hot  acetic  acid.  The  cold  acid,  which  by 
this  time  contained  negligible  soluble  impurity,  was  drawn  from 
flask  2  into  flask  1,  and,  as  before,  blown  out  through  A.  Flask 


2  was  then  refilled  with  fresh  acetic  acid,  heated  to  boiling,  and 
the  entire  contents  of  the  flask  were  drawn  over  into  flask  1. 
From  there  they  were  drawn  or  blown  directly  into  a  receiving 
flask.  Alternatively,  the  purified  hydrocarbon  could  have  been 
drawn  directly  from  flask  2. 

All  passages  were  cleared  of  hydrocarbon  by  drawing  hot  acid 
washings  down  through  G,  up  through  F,  E,  and  D,  and  out  at 
A.  In  order  to  decrease  the  possibility  of  contamination  from 
the  stopcock  grease,  several  liters  of  hot  acetic  acid  were  drawn 
through  all  stopcocks  before  the  hydrocarbon  was  introduced  into 
the  system. 

The  apparatus  was  used  only  for  the  purification  of  hydro¬ 
carbons,  but  it  is  possible  that  the  same  apparatus,  or  a 
modification  in  which  the  glass  wool.  F,  is  replaced  by  a 
selected  glass  filter,  could  be  utilized  for  a  variety  of  laboratory 
crystallizations.  It  is  particularly  convenient  where  the 
amount  of  solvent  is  large  and  a  number  of  recrystallizations 
are  necessary. 


Filtration  Cylinder 

R.  J.  DeGRAY  and  E.  P.  RITTERSHAUSEN 
Socony-Vacuum  Oil  Company,  Inc.,  New  York,  N.  Y. 


IN  QUANTITATIVE  analysis  there  are  times  when  the 
precipitate  must  be  filtered  and  washed  and  the  filtrate 
brought  to  a  required  volume.  At  other  times,  the  precipi¬ 
tate  collected  on  the  filter  may  require  resolution,  and  the 
solution  must  be  made  up  to  a  known  volume.  This  is 
especially  true  in  colorimetric  work  (1 ,  2,  S).  The  use  of  an 
ordinary  suction  flask  for  either  of  these  operations  requires 
rinsing  from  the  suction  flask  into  a  volumetric  flask,  with  the 
possibility  that  thorough  rinsing  will  give  a  volume  larger 
than  desired. 

A  review  of  the  literature  showed  that  this  problem  has 
been  evident  to  many.  The  apparatus  most  nearly  approach¬ 
ing  the  authors’  needs  was  one  described  by  Yagoda  (4),  but 
this  was  designed  for  microanalysis,  and  no  commercial 
source  of  the  apparatus  was  indicated. 

A  piece  of  apparatus  most  suitable  to  the  authors’  needs  was 
made,  and  this  standard  volume  filtration  cylinder  may  now  be 
obtained  from  Emil  Greiner,  161  Sixth  Ave.,  New  York,  N.  Y. 
The  cylinder  was  designed  to  accommodate  a  100-ml.  volumetric 
flask,  or  a  120-ml.  (4-ounce)  sample  bottle.  Figure  1  shows  the 
apparatus  in  this  100-ml.  form.  This  size  could  be  made  to  meet 
almost  any  need,  or  a  200-ml.  volumetric  flask  could  be  shaped  to 
fit  the  present  cylinder.  The  letters  in  Figure  1  refer  to  the 
following  parts: 

1.  A  No.  3  Gooch  crucible. 

2.  An  ordinary"  Gooch  crucible  adapter  for  a  suction  flask. 
The  tip  of  the  glass  tube  must  be  drawn  out  to  give  a  fine  stream. 
This  prevents  the  stream  from  blocking  the  air  being  displaced 
from  the  volumetric  flask,  causing  bubbling  and  loss  of  sample. 

3.  A  special  heavy  rubber  stopper,  with  a  hole  in  the  center 
to  hold  the  adapter  (2).  The  shoulder  of  the  stopper  rests  on 
the  top  of  the  cylinder,  making  an  air-tight  seal  when  suction  is 
applied.  This  construction  prevents  the  cylinder  from  being 
split  by  the  wedge  effect  of  a  tapered  stopper. 

4.  Heavy  glass  cylinder,  22.5  cm.  (9  inches)  tall  and  7.5  cm. 
(3  inches)  in  inside  diameter. 

5.  A  three-way  stopcock  permitting  suction  to  be  applied  or 
air  introduced  into  the  cylinder  without  disconnecting  the  suction 
line. 

In  using  the  apparatus,  the  rubber  stopper  and  adapter  are  re¬ 
moved  from  the  cylinder.  The  100-ml.  volumetric  flask  is 
placed  in  the  cylinder,  the  rubber  stopper  replaced,  and  the 
adapter  put  into  position,  so  that  its  stem  is  in  the  neck  of  the 
flask.  A  prepared  Gooch  crucible  is  placed  on  the  adapter,  the 
stopcock  is  turned  to  connect  the  suction  line  to  the  cylinder,  then 
the  filtration  is  made,  and  the  precipitate  is  washed.  When  the 
volume  of  the  filtrate  and  washings  is  nearly  100  ml.,  the  suction 


Figure  1 


is  turned  off,  the  flask  removed,  and  the  volume  made  exactly  100 
ml.  For  work  where  the  volume  is  not  important,  a  20-ml.  (4- 
ounce)  sample  bottle  may  be  used  to  receive  the  filtrate. 
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Semimicroanalysis  of  Saline  Soil  Solutions 
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A  system  of  photometric  and  volumetric 
analytical  semimicromethods  for  ions  that 
contribute  to  soil  salinity  is  described. 
These  methods  involve  a  considerable  re¬ 
duction  in  the  quantity  of  soil  solution  re¬ 
quired,  which  is  an  important  considera¬ 
tion  in  the  extraction  of  such  solutions. 

In  addition,  they  involve  a  saving  of  re¬ 
agents  and  time.  The  precision  and  ac¬ 
curacy  of  the  methods  are  considered  ade¬ 
quate  for  most  soil  analyses. 

THE  detailed  analysis  of  soil  solutions  is  rendered  difficult 
by  the  large  volume  of  sample  required  by  the  standard 
analytical  methods.  The  method  of  extraction,  size  of  appa¬ 
ratus,  size  of  soil  sample,  necessity  for  repetition  of  the  extrac¬ 
tion,  and  length  of  time  required  for  extraction  have  been  in¬ 
fluenced  by  the  necessity  of  securing  sufficient  solution  for 
complete  analysis.  (In  this  paper,  the  term  “soil  solution” 
refers  to  the  aqueous  solution  occurring  in  the  soil  at  field 
moisture;  the  term  “soil  extract”  refers  to  the  solution  ob¬ 
tained  from  a  soil  that  has  been  mixed  with  an  artificially  high 
quantity  of  water — e.  g.,  at  soil-water  weight  ratios  of  1  to  2 
and  1  to  5.)  In  a  discussion  of  these  factors,  Eaton  and 
Sokoloff  (10)  pointed  out  that  “a  material  reduction  in  the 
quantity  of  solution  required  in  the  laboratory  would  mini¬ 
mize  some  of  the  difficulties”.  Anderson,  Keyes,  and  Cromer 
(4)  recently  mentioned  the  necessity  of  altering  analytical 
conditions  in  the  direction  of  microchemistry. 

The  staff  of  this  laboratory  has  been  engaged  in  the  ex¬ 
amination  and  development  of  methods  for  the  extraction  of 
soil  solutions,  particularly  of  saline  and  irrigated  soils.  The 
pressure-membrane  method,  described  by  Richards  (28),  is  an 
effective  means  of  obtaining  solutions  from  soils  covering  wide 
ranges  of  moisture  content,  texture,  structure,  and  salt  con¬ 
tent.  This  method  appears  to  be  especially  well  adapted  to 
soils  at  low  moisture  contents — e.  g.,  near  the  wilting  range 
(27).  The  advantages  of  the  pressure-membrane  method 
would  be  largely  lost  if  it  were  necessary  to  apply  the  conven¬ 
tional  analytical  methods  to  the  limited  volumes  of  solution 
obtainable  from  comparatively  dry  soils. 

Consequently,  the  development  of  the  pressure-membrane 
method  has  emphasized  the  need  for  semimicroanalytical 


methods  applicable  to  small  samples  of  soil  solution.  In 
addition  to  the  small  amount  of  sample  required,  the  methods 
outlined  here  involve  a  saving  of  time  and  reagent,  a  consider¬ 
ation  which  might  be  of  even  greater  importance  to  some 
analysts.  There  is  an  expanding  interest  in  the  application  of 
microanalytical  methods  to  problems  of  agricultural  chemis¬ 
try.  Peech  (24)  recently  published  a  scheme  for  the  micro¬ 
determination  of  exchangeable  bases  in  soils.  Wall  (86)  has 
developed  a  set  of  microprocedures  for  the  determination  of 
some  inorganic  constituents  of  plant  ash. 

This  article  presents  photometric  and  volumetric  methods 
for  the  semimicrodetermination  of  calcium,  magnesium,  so¬ 
dium,  potassium,  ammonium,  carbonate,  bicarbonate,  chloride, 
sulfate,  and  nitrate  ions.  These  methods  generally  represent 
adaptations  of  other  methods  previously  published  for  the 
analysis  of  soils,  waters,  plants,  and  clinical  specimens.  The 
methods  necessarily  vary  as  to  convenience  and  accuracy. 
The  aim  has  been  to  develop  simple  procedures  whose  preci¬ 
sion  would  not  be  seriously  less  than  that  of  corresponding 
macromethods. 

The  methods  described  apply  primarily  to  saline  alkaline 
soils  in  which  salts  of  alkali  and  alkaline  earth  metals  pre¬ 
dominate.  For  use  under  other  conditions,  where  additional 
interfering  substances  might  occur,  appropriate  modifications 
might  be  necessary.  If  the  soil  solution  is  not  analyzed  im¬ 
mediately,  the  concentration  of  some  ions  may  be  appreciably 
altered  by  the  activity  of  microorganisms.  Treatments  to 
minimize  the  direct  effect  of  such  processes  on  the  nutrient 
ions  and  indirect  effects  on  other  ions  are  usually  not  reliable. 
In  addition,  calcium  carbonate  and  calcium  sulfate  precipitate 
from  some  solutions  after  extraction.  For  these  reasons,  soil 
solutions  should  be  analyzed  as  soon  as  possible. 

The  centrifuge  procedures  involve  the  use  of  an  8-place  cen¬ 
trifuge  head  rotating  at  3000  r.  p.  m.  in  a  No.  2  International 
centrifuge.  Heavy-duty  12-ml.  conical  centrifuge  tubes  are 
necessary  at  this  high  speed  in  place  of  the  ordinary  15-ml.  tubes. 
A  16-place  head  rotating  at  2000  r.  p.  m.  also  provides  acceptable 
results,  and  may  even  be  more  practical  for  a  large  number  of 
samples.  An  angle  head  rotating  at  3000  r.  p.  m.  was  tested,  but 
in  general  the  results  were  inferior  with  respect  to  precipitate  com¬ 
paction  and  over-all  accuracy. 

A  photoelectric  photometer  is  very  satisfactory  for  the  colori¬ 
metric  measurements  because  of  its  speed  and  relative  precision. 
An  Aminco  Type  F  double  photocell  photometer  (manufactured 
by  the  American  Instrument  Company,  Silver  Spring,  Md.)  was 
used  in  this  work.  It  has  a  permanent  mounting  of  six  pairs  of 
matched  color  filters  and  permits  the  use  of  both  optical  cells  and 
photometer  test  tubes.  A  constant-voltage  transformer  in  the 
115-volt  power  line  eliminates  fluctuations  in  light  transmission 
due  to  voltage  variations.  Other  color-measuring  instruments, 
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Table  I.  Description  of  Soils  and  Their  Extracts 


-Extract  Characteristics- 
Electrical 


Accession 

C, 

C, 

conductivity. 

Soil:  water 

No. 

Soil  Type 

Location 

pH 

% 

% 

pH 

K  X  105  @  25°  C. 

ratio 

Color 

56“ 

Imperial  clay 

Meloland,  Calif. 

7.8 

0.34 

0.00094 

7.8 

125 

1:2 

Verypale  yellow 

57 

Imperial  clay 

Imperial,  Calif. 

7.2 

0.33 

7.0 

803 

1:5 

Colorless 

62 

Oasis  clay  loam 

Delta,  Utah 

7.7 

1.07 

7.6 

998 

1:5 

Yellow 

63“ 

Oasis  clay  subsoil 

Delta,  Utah 

8.0 

0.58 

8.1 

557 

1:5 

Yellow 

68“ 

Vale  silty  clay  loam 

Vale,  Ore. 

10.0 

0.27 

0.0032  i> 

10.2 

555 

1:5 

Brown 

79 

Cajon  silty  clay  loam 

Glendale,  Ariz. 

7.7 

1.10 

0.0044 

7.3 

75 

1:2 

Yellow 

84 

Gila  adobe  clay 

Las  Cruces,  N.  Mex. 

8.0 

0.92 

0 . 0034 

8.1 

85 

1:2 

Pale  yellow 

85 

Regan  clay  loam 

Roswell,  N.  Mex. 

7.8 

0.93 

0.0032 

7.6 

353 

1:2 

Pale  yellow 

86 

Fort  Collins  loam 

Laramie,  Wyo. 

8.0 

0.99 

0.0053 

7.6 

544 

1:2 

Pale  yellow 

248“ 

Indio  very  fine  sandy 
loam 

Coachella,  Calif. 

9.1 

0.49 

0  0047 

9.0 

12 

1:2 

Reddish  brown 

314 

Merced  clay  loam 

Buttonwillow,  Calif. 

7.8 

2.34 

0 . 0047  b 

7.6 

625 

1:5 

Dark  yellow 

a  Soils  used  only  for  organic  matter  investigation. 

&  Values  corrected  for  medium  chloride  contents  and  probably  less  accurate  than  those  for  other  soils. 


such  as  spectrophotometers,  gradation  photometers,  neutral 
wedge  photometers,  and  visual  color  comparators,  can  also  be 
used.  For  accurate  photometric  work  it  is  usually  hazardous  to 
rely  on  permanent  photometer  calibration  curves,  because  of  the 
variable  conditions  that  affect  colorimetric  procedures.  In  this 
laboratory  it  is  a  matter  of  routine  to  take  a  series  of  standards 
through  the  analytical  procedure  each  time  a  group  of  samples  is 
analyzed. 

The  calibration  of  microburets  and  small  pipets  is  recom¬ 
mended.  A  2-liter  beaker  covered  by  a  20-hole  perforated  brass 
plate,  which  holds  the  centrifuge  tubes  vertical,  makes  an  ade¬ 
quate  water  bath. 

Ionic  concentrations  are  calculated  in  terms  of  milliequiva- 
lents  per  liter  (m.  e./l.).  Attention  is  called  to  the  increasing 
use  among  water  chemists  of  the  term  “equivalent  per  mil¬ 
lion”,  e.  p.  m.  (S).  This  unit  of  concentration  is  numerically 
the  same  as  milliequivalents  per  liter  if  the  specific  gravity  of 
the  solution  is  unity. 

In  addition  to  the  determination  of  ionic  concentrations,  the 
analysis  of  soil  solutions  usually  includes  the  pH  value  and  the 
electrical  conductivity  as  a  measure  of  the  total  electrolyte 
concentration.  For  conductivity  measurements  on  small 
samples,  a  micromodification  of  the  common  pipet  type  of 
conductivity  cell,  which  holds  approximately  5  ml.,  is  very 
convenient.  For  pH  measurements  a  Beckman  “one-drop” 
glass  electrode  (manufactured  by  National  Technical  Labora¬ 
tories,  South  Pasadena,  Calif.)  is  satisfactory.  Capillary 
glass  microelectrodes,  which  require  even  less  sample,  are  also 
available. 

Description  of  Soils  and  Extracts 

The  systematic  investigations  of  organic  matter  and  pre¬ 
cision  and  accuracy  reported  here  were  made  on  extracts  of 
eleven  soil  samples  of  different  soil  types  from  various  locali¬ 
ties.  Pertinent  characteristics  of  these  soils  and  extracts  are 
presented  in  Table  I.  Two  of  these  soils,  68  and  248,  are 
“black  alkali”  soils. 

The  organic  carbon  contents  of  the  soils  and  extracts  were 
determined  by  the  chromic  acid  oxidation  method  of  Schollen- 
berger  {30),  involving  the  modified  phosphoric  acid  reagent  of 
Purvis  and  Higson  {26).  The  experimental  values  were 
multiplied  by  the  factor  1.15,  according  to  Allison  (1),  which 
corrects  for  incomplete  oxidation  of  the  organic  matter.  The 
carbon  contents  of  the  extracts  were  determined  on  the 
evaporation  residue  of  25-ml.  aliquots.  Chloride  reduces 
chromic  acid,  and  appropriate  corrections  are  included  in  the 
eight  extract  values  reported.  The  soil  carbon  contents  of 
the  more  saline  soils  also  include  corrections  for  chloride, 
which  are  very  slight  compared  to  those  for  the  corresponding 
extracts. 

The  pH  values  were  determined  by  a  glass  electrode  assem¬ 
bly.  The  soil  pH  measurements  were  made  on  saturated  soil 
pastes. 


Removal  of  Organic  Matter 

The  possible  interference  of  organic  matter  in  the  analysis 
of  soil  solutions  often  raises  questions  concerning  the  necessity 
for  its  removal.  It  may  interfere  in  such  ways  as  color  mask¬ 
ing,  reducing  action,  mechanical  contamination  of  precipi¬ 
tates,  and  in  other  direct  and  indirect  ways.  The  magnitude 
of  these  effects  is  usually  unknown.  In  some  systems  of 
analysis,  all  samples  are  treated  to  remove  organic  matter, 
regardless  of  the  amount  and  composition.  In  other  cases  the 
solutions  are  analyzed  without  prior  separation  of  the  organic 
fraction. 

As  the  time  involved  in  the  preliminary  removal  of  organic 
matter  represents  an  appreciable  fraction  of  the  total  time 
required  for  analysis,  information  as  to  the  feasibility  of 
omitting  this  operation  is  important,  especially  in  the  routine 
analysis  of  a  large  number  of  soil  samples.  It  is  also  possible 
that  some  or  all  of  the  methods  for  removing  organic  matter 
may  actually  introduce  errors  into  the  analytical  results. 
These  considerations  may  affect  both  macro-  and  micro- 
analytical  methods. 

The  eleven  water  extracts  of  Table  I  were  subjected  to  four 
different  treatments:  ignition,  oxidation  by  hydrogen  per¬ 
oxide,  oxidation  by  bromine,  and  adsorption  by  carbon. 
Other  possible  treatments  were  not  investigated  systemati¬ 
cally  because  they  would  definitely  introduce  various  kinds  of 
interference.  The  treated  and  untreated  samples  were 
analyzed  for  the  ions  mentioned  except  nitrate  and  ammo¬ 
nium.  Sodium  was  determined  by  a  gravimetric  uranyl  zinc 
acetate  procedure  [39,  Sect.  70  (b),  p.  42]  instead  of  the  colori¬ 
metric  method. 

Bromine  removed  the  color  from  all  samples,  but  the  ana¬ 
lytical  values  agreed  with  those  of  the  untreated  solutions. 
Consequently,  there  would  be  no  advantage  in  the  use  of  this 
oxidant  in  the  scheme  of  analysis  described  here. 

Carbon  not  only  adsorbed  the  colored  constituents  but 
significantly  reduced  the  concentrations  of  most  of  the  ions, 
especially  calcium  and  magnesium,  and  lowered  the  bicar¬ 
bonate-carbonate  value  of  every  sample.  However,  it  did  not 
affect  the  chloride  values,  which  indicates  that  carbon  treat¬ 
ment  may  be  useful  in  removing  color  that  interferes  with  the 
chloride  titration. 

Hydrogen  peroxide  treatment  at  a  temperature  not  exceed¬ 
ing  100°  C.  caused  a  general  decrease  of  ions  in  most  samples, 
particularly  of  sodium  and  chloride.  The  loss  of  chloride  is 
probably  a  result  of  oxidation  to  chlorine.  The  cause  of  the 
losses  of  the  other  ions  remains  somewhat  obscure.  These 
results,  coupled  with  the  resistance  of  some  organic  matter  to 
oxidation  by  peroxide  and  the  possibility  of  the  catalytic  de¬ 
composition  of  peroxide  by  soil  constituents,  make  this  treat¬ 
ment  unsatisfactory. 

The  ignition  treatments  were  made  in  porcelain  casseroles 
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at  600°  C.  The  more  resistant  organic  constituents  did  not 
decompose  completely  over  extended  periods  at  lower  tem¬ 
peratures.  This  has  been  observed  also  on  base-exchange 
residue  ignitions.  The  results  of  ignition  were  variable. 
Sodium  and  chloride  were  lost  from  every  sample,  to  about  the 
same  extent.  Decreases  in  magnesium  and  sulfate  occurred 
in  several  samples.  Calcium  showed  no  significant  change 
except  an  increase  in  one  “black  alkali”  sample,  68.  Potas¬ 
sium  was  extremely  high  in  ten  ignited  samples,  upwards  to 
500  per  cent  of  the  correct  value.  Fresh  samples  of  four  solu¬ 
tions  that  were  extremely  erratic  in  this  respect  were  ignited 
in  platinum  dishes,  and  these  yielded  the  correct  values  for 
potassium.  The  excess  potassium  evidently  originated  in 
the  material  of  the  casseroles;  the  results  indicate  an  ex¬ 
change  of  sodium  for  potassium. 

The  two  black  alkali  samples  were  also  treated  with  nitric 
acid  and  boiled,  to  precipitate  the  colored  humates.  Analysis 
of  the  filtrates  showed  no  appreciable  deviation  from  the  un¬ 
treated  samples. 

In  this  investigation,  carbonate  determinations  were  made 
only  on  the  untreated  and  the  carbon-treated  samples,  as  the 
other  treatments  precluded  this  determination.  Chlorides 
could  not  be  determined  on  the  bromine-treated  sample. 

The  results  of  this  investigation  suggest  the  following  rec¬ 
ommendations  and  possible  conclusions.  For  titration  of 
carbonate  species  in  dark  solutions,  a  potentiometric  titration 
can  be  substituted  for  the  indicator  procedure.  Purified  de¬ 
colorizing  carbon  can  safely  be  used  to  treat  dark  solutions 
prior  to  the  chloride  titration.  Carbon  can  evidently  be  used 
to  remove  the  color  of  solutions  prior  to  the  determination  of 
sodium  and  potassium.  Ignition  may  cause  appreciable  loss 
of  many  ions  common  to  saline  soils,  especially  sodium  and 
chloride.  Ignitions  should  not  be  made  in  porcelain  ware. 
Oxidation  of  organic  matter  by  bromine  and  hydrogen  per¬ 
oxide  accomplishes  no  apparent  beneficial  results.  With 
especial  regard  to  the  inorganic  composition  of  black  alkali 
solutions,  the  inclusions  of  ions  such  as  calcium  and  mag¬ 
nesium  that  may  be  combined  with  the  humates  may  not 
always  be  desirable. 

Precision  and  Accuracy 

To  demonstrate  the  possible  ranges  of  precision  and  accu¬ 
racy  that  can  be  expected  from  the  various  methods,  water 
extracts  of  seven  soils  of  Table  I  were  systematically  analyzed 
in  duplicate  by  the  semimicromethods  and  by  the  correspond¬ 
ing  macro-  or  standard  methods  in  use  at  this  laboratory. 
The  results  for  each  particular  ion  are  presented  in  the  section 
devoted  to  the  d  scussion  of  that  method. 

Organic  matter  was  not  removed  from  these  extracts  prior 
to  their  analysis  by  either  the  macro-  or  microprocedures. 
As  the  extracts  vary  considerably  in  composition,  some  re¬ 
ported  determinations  may  involve  quantities  of  ions  that  do 
not  represent  favorable  conditions  for  the  evaluation  of  the 
accuracy  of  a  method.  This  applies  also  to  the  macro¬ 
methods. 

In  addition  to  the  comparisons  reported  here,  many  other 
similar  studies  have  been  made  on  soil  solutions  and  soil  ex¬ 
tracts,  waters,  plant  nutrient  culture  solutions,  and  plant  ash 
extracts.  These  studies  have  yielded  results  as  satisfactory 
as  those  presented  in  this  paper. 

In  the  succeeding  tables,  several  symbols  and  terms  are  used 
that  possibly  require  brief  explanations.  The  letters  A  and  B  in¬ 
dicate  duplicate  determinations.  The  mean  is  the  average  of  the 
duplicate  values,  reported  to  the  same  decimal  point.  The  per 
cent  deviation  represents  the  average  deviation  of  the  duplicates 
from  the  mean  divided  by  the  mean  value,  and  times  100;  this 
figure  is  an  index  of  precision  or  reproducibility.  The  average 
per  cent  deviation  is  the  arithmetical  average  of  the  per  cent  devi¬ 
ation  values  for  the  entire  group  of  extracts;  comparison  of  the 
two  values  obtained  for  two  methods  provides  a  measure  of  the 


relative  precision  of  the  two  methods.  The  per  cent  error  repre¬ 
sents  the  algebraic  percentile  deviation  of  the  mean  semimicro 
value  from  the  mean  macro  value ;  this  calculation  assumes  that 
the  macromethod  usually  provides  the  more  correct  result.  The 
average  per  cent  error  is  the  arithmetical  average  of  the  percentile 
errors  for  the  entire  group  of  semimicrodeterminations;  this 
figure  provides  a  general  index  of  the  over-all  accuracy  of  the 
method. 

VOLUMETRIC  DETERMINATION  OF  CALCIUM 

Calcium  is  determined  by  a  method  involving  precipitation 
as  the  oxalate,  centrifugal  washing,  and  direct  titration  in  per¬ 
chloric  acid  solution  with  ammonium  hexanitrato  cerate,  with 
nitro-ferroin  as  indicator.  (The  ammonium  hexanitrato  ce¬ 
rate  and  nitro-ferroin  can  be  obtained  from  the  G.  Frederick 
Smith  Chemical  Company,  Columbus,  Ohio.)  The  precipita¬ 
tion  and  washing  technique  represents  a  combination  of 
modified  Clark  and  Collip  (9)  and  Blasdale  ( 8 )  procedures, 
while  the  titration  technique  follows  the  procedure  of  Smith 
and  Getz  {82).  The  use  of  cerate  and  nitro-ferroin  permits  a 
direct  titration  at  room  temperature  with  a  very  sharp  end¬ 
point  change  from  red  to  pale  blue,  and  a  low  blank  correction. 

Reagents.  (Keep  reagents  B,  C,  D,  and  E  in  Pyrex  bottles.) 

A.  Methyl  orange,  0.01  per  cent  in  water. 

B.  1  to  1  hydrochloric  acid. 

C.  1  A  oxalic  acid. 

D.  1  to  1  ammonium  hydroxide. 

E.  1  to  50  ammonium  hydroxide. 

F.  4  A  perchloric  acid.  Dilute  340  ml.  of  70  per  cent  per¬ 
chloric  acid  or  430  ml.  of  60  per  cent  perchloric  acid  to  1  liter. 

G.  0.01  A  ammonium  hexanitrato  cerate  in  1  A  perchloric 
acid.  Dissolve  5.76  grams  of  “standard  or  reference  purity” 
ammonium  hexanitrato  cerate  in  250  ml.  of  4  A  perchloric  acid 
and  dilute  to  1  liter.  The  reagent  should  be  standardized  in  the 
following  manner:  Pipet  5  or  10  ml.  of  fresh  standard  0.01  A 
sodium  oxalate  into  a  small  beaker  containing  5  ml.  of  4  A  per¬ 
chloric  acid,  add  0.2  ml.  of  nitro-ferroin  indicator  and  titrate 
with  the  cerate  solution  to  the  pale  blue  end  point.  Determine  a 
blank  titration  correction  on  a  similar  sample  minus  the  oxalate 
solution.  The  milliliters  of  oxalate  used  divided  by  the  corrected 
milliliters  of  cerate  and  times  0.01  provide  the  normality  of  the 
cerate.  Do  not  attempt  to  adjust  the  solution  to  exactly  0.01  A , 
and  restandardize  whenever  the  reagent  is  used  several  days  or 
more  apart.  Keep  in  a  dark  bottle  away  from  light. 

H.  Nitro-ferroin  indicator  (nitro-orthophenanthroline  ferrous 
sulfate).  Dilute  the  stock  0.025  M  indicator  solution  1  to  20. 
Use  0.1  ml.  in  analyses  and  0.2  ml.  in  standardizations. 

Procedure.  Pipet  an  aliquot  containing  0.005  to  0.08  m.  e.  of 
calcium  into  a  clean  12-ml.  conical  centrifuge  tube,  dilute  or 
evaporate  to  5  ml.,  and  add  1  drop  of  (A),  2  drops  of  (B),  and  1 
ml.  of  (C).  Heat  to  the  boiling  point  in  a  water  bath.  While 
twirling  the  tube,  add  (D)  dropwise  until  the  solution  just  turns 
yellow.  Replace  in  the  bath,  and  after  30  minutes  cool  the  tube 
n  air  or  in  water.  If  necessary  add  more  (D)  to  keep  the  solution 
just  yellow.  „  ... 

Centrifuge  at  3000  r.  p.  m.  for  1 0  minutes.  Carefully  decant  the 
supernatant  liquid  into  a  25-,  50-,  or  100-ml.  volumetric  flask. 
Stir  the  precipitate,  and  rinse  the  sides  of  the  tube  with  a  stream 
of  5  ml.  of  (E)  blown  from  a  pipet.  Centrifuge  at  3000  r.  p.  m. 
for  10  minutes.  Decant  the  washings  into  the  same  flask. 
Drain  the  tube  by  inversion  on  filter  paper  for  10  minutes.  Wipe 
the  mouth  of  the  tube  with  a  clean  towel  or  lintless  filter  paper. 

Blow  into  the  tube  3  ml.  of  (F)  from  a  pipet.  When  the  pre¬ 
cipitate  is  dissolved,  add  0.1  ml.  of  (H).  Titrate  with  (G)  from  a 
10-ml.  microburet  to  the  pale  blue  end  point.  If  more  than  5  ml. 
of  (G)  is  required,  transfer  the  sample  to  a  small  beaker  and  com¬ 
plete  the  titration.  Determine  the  blank  correction  in  the  same 
manner;  it  usually  is  about  0.03  ml.  Dilute  the  supernatant 
liquids  in  the  volumetric  flask  to  volume  and  save  for  the  magne¬ 
sium  determination.  ,  , 

Calculation.  M.  e.  of  Ca  per  liter  =  (corrected  ml.  of  cerate 
solution  X  normality  of  cerate  X  1000)  4-  ml.  in  sample  aliquot. 

Precision  and  Accuracy 

The  calcium  concentrations  of  the  seven  soil  extracts  indi¬ 
cated  in  Table  I  were  determined  by  this  procedure  and  by  a 
calcium  oxalate-potassium  permanganate  volumetric  macro¬ 
method  outlined  by  Wilcox  {39,  pp.  38-9)  and  based  on  the 
calcium-magnesium  separation  technique  of  Blasdale  (8). 
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Table  II.  Comparison  of  Macro-  and  Semimicromethods  for  Calcium 


Macromethod - -  - - Semimicromethod- 


Soil 

Calcium 

Devi- 

Calcium 

Devi- 

No. 

Aliquot 

A 

B 

Mean 

ation 

Aliquot 

A 

B 

Mean 

ation 

Error 

Ml. 

.V/.  e. /lifer 

% 

Ml. 

M.  e./litei 

%’ 

% 

57 

50 

39.05 

39.09 

39 . 07 

0.05 

1 

39.9 

39.9 

39.9 

0.00 

+  2.1 

62 

200 

3.53 

3 . 54 

3 . 54 

0.14 

10 

3.57 

3.58 

3.58 

0.14 

+  1.1 

79 

200 

2.19 

2.20 

2.20 

0.23 

10 

2.16 

2.18 

2.17 

0.46 

-1.4 

84 

200 

2.34 

2.34 

2.34 

0.00 

10 

2.32 

2.34 

2.33 

0.43 

-0.4 

85 

50 

28.35 

28.45 

28.40 

0.18 

2 

28.6 

28.9 

28.8 

0.52 

4-1.4 

86 

50 

24 . 35 

24.51 

24.43 

0.33 

2 

24.8 

24.9 

24.9 

0.20 

+  1.9 

314 

200 

7  71 

7.80 

7.76 

'  0.58 

5 

7.75 

7.80 

7.78 

0.32 

+  0.3 

Av. 

0.22 

0.30 

1.2 

The  results,  presented  in  Table  II,  indicate  highly  satis¬ 
factory  precision  and  accuracy  for  the  semimicromethod. 
The  reproducibility  data  demonstrate  that  it  usually  is  un¬ 
necessary  to  replicate  analytical  samples. 

It  has  been  known  that  the  clinical  calcium  methods  in¬ 
volve  a  negative  error  due  to  loss  of  calcium  oxalate  on  decant¬ 
ing  and  a  positive  error  resulting  from  incomplete  washing  of 
the  precipitate;  Wang  (37)  indicates  that  these  two  errors  are 
very  evenly  balanced  in  most  analyses.  The  present  results 
support  this  view  and  show  that  the  net  resultant  error  is  of 
slight  magnitude. 

COLORIMETRIC  DETERMINATION  OF  MAGNESIUM 

Magnesium  is  determined  on  calcium-free  solutions  by 
precipitation  as  magnesium  ammonium  phosphate  hexa- 
hydrate,  centrifugal  washing,  and  colorimetric  estimation  of 
the  phosphate  content  by  the  ceruleomolybdate  reaction. 
This  standard  clinical  procedure,  recently  described  for  plant 
ash  by  Wall  (36),  has  been  modified  in  some  details.  No 
method  for  the  precise  determination  of  small  amounts  of 
magnesium  in  soils  appears  to  have  been  advanced.  Although 
the  method  described  does  not  involve  a  high  degree  of  pre¬ 
cision,  the  use  of  duplicate  analytical  samples  usually  pro¬ 
vides  satisfactory  accuracy. 

Because  of  the  sensitivity  of  the  colorimetric  phosphate 
measurement,  usually  only  a  fraction  of  the  filtrate  from  the 
calcium  determination  is  used  for  the  magnesium  determina¬ 
tion.  This  practice  is  also  influenced  by  the  inhibition  of 
precipitation  of  magnesium  by  high  concentrations  of  oxalate 
ion  (14, 24) ,  which  must  be  reduced  to  a  safe  value. 

Reagents.  The  concentrations  of  molybdate 
and  sulfuric  acid  used  in  the  development  of  the 
blue  color  are  those  recommended  by  Truog  and 
Meyer  (34),  but  the  strength  of  the  reagent  has  been 
modified  slightly.  The  stannous  chloride  reagent  is 
prepared  daily  and  not  acidified,  according  to 
Zinzadze  (41)-  Because  of  the  effect  of  time  on  the 
color,  especially  of  darker  solutions,  photometer  read¬ 
ings  are  made  at  exactly  10  minutes  after  addition 
of  the  stannous  chloride. 

The  ammoniacal  wash  liquid  is  similar  to  that 
recommended  by  Wang  (37)  for  the  washing  of 
calcium  oxalate  precipitates.  Reagents  A,  B,  D,  E, 
and  F  should  be  kept  in  Pyrex  bottles  and  replaced 
if  the  precipitation  blank  color  becomes  too  intense. 

A.  30  per  cent  ammonium  chloride  solution. 

Dissolve  30  grams  of  recrystallized  ammonium  chlo¬ 
ride  in  water  and  dilute  to  100  ml.  Filter  before  use. 

B.  5  per  cent  ammonium  dihydrogen  phosphate 
solution.  Dissolve  25  grams  of  ammonium  dihydro¬ 
gen  phosphate  in  water  and  dilute  to  500  ml.  Filter 
before  use. 

C.  Phenolphthalein,  1  per  cent  in  60  per  cent 
ethanol. 

D.  Concentrated  ammonium  hydroxide. 

E.  Ammoniacal  wash  liquid.  Mix  20  ml.  of 
concentrated  ammonium  hydroxide  with  80  ml.  of 
water,  100  ml.  of  ethanol,  and  100  ml.  of  ether. 

F.  Standard  0.001  N  magnesium  sulfate.  This 


is  best  prepared  by  dilution  of  a  more 
concentrated  solution  of  magnesium 
sulfate  that  has  been  standardized  by 
gravimetric  determination  of  magne¬ 
sium. 

G.  IN  sulfuric  acid. 

H.  Ammonium  molybdate  reagent. 
Dissolve  40  grams  of  ammonium 
molybdate  in  400  ml.  of  water  at  60°  C., 
add  456  ml.  of  arsenic-free  concentrated 
sulfuric  acid  to  1000  ml.  of  water,  and 
cool  both  solutions.  Stir  the  molyb¬ 
date  solution  into  the  acid  solution 
and  dilute  to  2000  ml.  when  cool.  The 
reagent  is  a  2  per  cent  solution  of 
ammonium  molybdate  in  8  N  sulfuric 
acid.  It  keeps  indefinitely  in  a  brown 
bottle. 

I.  Stannous  chloride  reagent.  Place  0.300  gram  of  c.  p. 
stannous  chloride  dihydrate  in  a  100-ml.  volumetric  flask.  Dis¬ 
solve  rapidly  in  water,  dilute  to  the  mark,  and  mix.  Any  turbidity 
will  be  removed  on  mixing  with  reagent  H.  Prepare  fresh  daily. 

Procedure.  From  the  volumetric  flask  containing  the  cal¬ 
cium-free  sample  pipet  an  aliquot  containing  0.0005  to  0.003  m.  e. 
of  magnesium  into  a  12-ml.  conical  centrifuge  tube  and  dilute  or 
evaporate  to  5  ml.  Add  1  ml.  each  of  (A)  and  (B)  and  1  drop  of 
(C).  Heat  to  90°  C.  in  a  water  bath  and  while  twirling  the  tube 
add  (D)  dropwise  until  pink.  Cool,  add  2  ml.  of  (D),  and  stir 
with  a  thin  glass  rod.  Withdraw  the  rod,  stopper  the  tube,  and 
let  stand  overnight. 

Centrifuge  at  3000  r.  p.  m.  for  10  minutes,  decant  carefully, 
drain  on  filter  paper  for  10  minutes,  and  wipe  the  mouth  of  the 
tube  with  a  clean  towel  or  lintless  filter  paper.  Wash  the  pre¬ 
cipitate  and  sides  of  the  tube  with  a  stream  of  5  ml.  of  (E)  from  a 
pipet  equipped  with  a  rubber  aspirator  bulb  or  by  a  similar  ar¬ 
rangement.  Centrifuge  at  3000  r.  p.  m.  for  5  minutes,  decant, 
drain  for  5  minutes,  and  wipe  the  mouth  of  the  tube.  Repeat  this 
washing  procedure  once. 

Pipet  2  ml.  of  (G)  into  the  tube  and  dilute  to  about  10  ml. 
After  5  minutes,  wash  the  contents  into  a  100-ml.  volumetric  flask 
to  which  exactly  5  ml.  of  (H)  have  previously  been  added.  Dilute 
to  about  60  ml.  and  pipet  in  1  ml.  of  (I)  while  rapidly  twirling  the 
flask.  Dilute  to  the  mark  and  mix.  At  exactly  10  minutes 
after  adding  (I)  measure  the  light  transmission  of  the  blue  solu¬ 
tion  in  a  photometer  test  tube  through  the  650-millimicron  filter 
versus  that  of  water  in  a  similar  tube.  Previously,  the  pho¬ 
tometer  is  balanced  at  100  per  cent  transmission  with  water  in  both 
tubes.  The  accuracy  is  increased  somewhat  by  the  use  of  the 
same  test  tube  for  all  samples  and  standards. 

Prepare  a  photometer  calibration  curve  on  semilogarithmic 
graph  paper  by  taking  a  series  of  0,  0.5,  1,  2,  and  3  ml.  of  (F) 
through  the  same  entire  procedure.  A  typical  calibration  is 
shown  in  Figure  1.  The  amount  of  magnesium  in  the  sample  is 
obtained  by  simple  interpolation  on  the  curve. 

Because  of  the  effect  of  oxalate,  the  magnesium  sample  should 
not  represent  more  than  one  fifth  of  the  calcium  sample.  If  the 
magnesium  concentration  is  so  low  that  it  cannot  be  accurately 
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Figure  1.  Photometer  Calibration  Curve  for  Magnesium 
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determined  in  this  manner,  a  larger  fraction  of  the  calcium 
filtrate  or  even  all  of  it  can  be  used,  provided  an  equivalent 
amount  of  oxalic  acid  is  added  to  each  standard  sample  before 
precipitation  of  the  magnesium.  Results  obtained  under  these 
conditions  should  not  be  expected  to  be  as  satisfactory  as  those 
obtained  by  the  routine  procedure. 

Calculation.  M.  e.  of  Mg  per  liter  =  (m.  e.  of  Mg  as  found 
by  interpolation  X  1000)  -f-  (ml.  in  Ca  aliquot  X  fraction  of  Ca 
aliquot  used  for  Mg  determination). 


The  magnesium  concentrations  of  the  seven  soil  extracts 
were  determined  by  this  procedure  and  by  a  gravimetric 
method  described  by  Wilcox  {39,  pp.  39-40),  except  that  the 
magnesium  ammonium  phosphate  hexahydrate  precipitates 
were  collected  on  porous-bottomed  ceramic  Gooch  crucibles, 
washed  with  ammonium  hydroxide,  ethanol,  and  ether,  and 
weighed  as  the  hexahydrate.  Colorimetric  magnesium  deter¬ 
minations  were  made  on  duplicate  fractions  of  each  of  the  two 
calcium-free  semimicroanalytical  samples.  This  arrangement 
provides  an  opportunity  to  decide  whether  errors  possibly 
arising  in  the  separation  of  magnesium  from  calcium  con¬ 
tribute  significantly  to  the  over-all  errors.  In  Table  III, 
colorimetric  samples  A  and  B  are  from  one  calcium-free  ali¬ 
quot,  and  C  and  D  from  the  other. 

The  precision  of  the  colorimetric  method  for  most  samples 
as  shown  by  variations  among  four  replicates  is  not  very 
high.  However,  the  use  of  average  values  from  duplicate 
aliquots  usually  results  in  acceptable  accuracy.  Four  ex¬ 
tracts  indicate  that  errors  in  the  separation  of  calcium  may 
influence  the  results,  but  this  is  hardly  significant  and  is  not 
upheld  by  previous  data.  The  interference  of  other  ions,  such 
as  sodium  and  potassium,  is  always  possible  when  a  double 
precipitation  is  not  made.  Hillebrand  and  Lundell  {1J+)  dis¬ 
cuss  these  and  other  interferences  in  detail.  Aside  from  the 
various  theoretical  aspects  of  the  method,  it  provides  satis¬ 
factory  results  if  too  much  faith  is  not  placed  in  a  single 
determination. 

COLORIMETRIC  DETERMINATION  OF  SODIUM 

Sodium  is  determined  by  a  procedure  which  follows  closely 
the  clinical  method  of  Hoffman  and  Osgood  {17).  Sodium 
uranyl  zinc  acetate  is  precipitated,  centrifugally  washed,  and 
dissolved,  and  the  yellow  color  is  compared  with  those  of 
sodium  standards.  Dissolving  the  precipitates  in  ammonium 
thiocyanate  solution  helps  to  stabilize  the  color  against  tem¬ 
perature  changes.  Because  of  the  great  sensitivity  of  the 
gravimetric  uranyl  zinc  acetate  method,  the  colorimetric 
technique  sometimes  may  not  extend  the  analytical  range 
to  the  same  extent  as  for  the  determination  of  some  other 
ions.  Nevertheless,  the  photometric  method  does  increase 
the  precision  of  estimation  of  small  quantities  of  sodium. 

Reagents.  A.  Sodium  uranyl  zinc  acetate  crystals.  Add 
125  ml.  of  (B)  to  5  ml.  of  2  per  cent  sodium  chloride  solution,  stir, 
and  after  15  minutes  collect  the  precipitate  in  a  porous-bottomed 


porcelain  crucible.  Wash  with  several  portions  of  glacial  acetic 
acid,  then  likewise  with  ether.  Dry  in  a  desiccator  over  calcium 
chloride  for  one  hour. 

B.  Uranyl  zinc  acetate  reagent.  Solution  1.  Stir  80  grams 
of  uranyl  acetate  dihydrate  into  a  mixture  of  14  ml.  of  glacial 
acetic  acid  and  427  ml.  of  water. 

Solution  2.  Stir  220  grams  of  zinc  acetate  dihydrate  into  a 
mixture  of  7  ml.  of  glacial  acetic  acid  and  294  ml.  of  water. 

Heat  the  two  solutions  separately  on  a  water  bath  and  stir 

until  the  salts  are  dissolved. 
Mix  while  hot,  and  when  cool 
add  0.2  gram  of  (A).  Let 
stand  overnight.  Keep  in  a 
dark  bottle  and  filter  before 
use.  [For  preparation  of  (A), 
this  reagent  does  not  have  to 
be  saturated  with  (A).] 

C.  Acetic  acid-ethanol 
wash  liquid.  Mix  75  ml.  of 
glacial  acetic  acid  with  425  ml. 
of  95  per  cent  ethanol.  Shake 
with  an  excess  of  (A).  Keep 
in  a  dark  bottle  and  filter  be¬ 
fore  use. 

D.  0.1  A  ammonium  thio¬ 
cyanate.  Dissolve  3.81  grams 
of  c.  p.  ammonium  thio¬ 
cyanate  in  water  and  dilute 
to  500  ml. 

Prepare  a  sufficient  quantity  fresh  each  time. 

E.  Ether,  c.  p.,  anhydrous. 

F.  Standard  0.005  N  sodium  chloride.  Dissolve  0.2923 
grams  of  dry  recrystallized  sodium  chloride  in  water  and  dilute  to 
exactly  1  liter  in  a  volumetric  flask. 


Figure  2.  Photometer  Calibration  Curve  for  Sodium 


Procedure.  Pipet  an  aliquot  containing  0.002  to  0.012  m.  e. 
of  sodium  into  a  clean  12-ml.  conical  centrifuge  tube.  Evaporate 
in  a  water  bath  to  0.2  ml.  Cool,  add  8  ml.  of  (B),  stopper,  and 
mix  immediately  by  repeated  inversions  for  one  minute.  Let 
stand  one  hour.  Remove  the  stopper  and  centrifuge  at  3000 
r.  p.  m.  for  10  minutes.  Drain  on  filter  paper  for  10  minutes. 
Wipe  the  mouth  of  the  tube  with  a  clean  towel  or  lintless  filter 
paper.  Stir  the  precipitate  and  wash  the  sides  of  the  tube  with  4 
ml  of  (C)  in  a  stream  from  a  pipet  equipped  with  a  rubber  aspi¬ 
rator  bulb.  Centrifuge  at  3000  r.  p.  m.  for  10  minutes,  decant, 
and  drain  for  10  minutes.  Wipe  the  mouth  of  the  tube.  Wash 
with  5  ml.  of  ether,  but  centrifuge  for  only  5  minutes  and  decant 
carefully  without  draining.  (If  the  tube  is  drained  after  the 
ether  wash,  portions  of  a  precipitate  may  drop  from  the  tube.) 
Repeat  the  ether  washing  and  decanting  once. 

When  the  ether  is  completely  evaporated,  pipet  into  the  tube 
exactly  10  ml.  of  (D),  mix  by  inversion  until  the  precipitate  is  dis¬ 
solved,  and  centrifuge  at  3000  r.  p.  m.  for  5  minutes  to  remove  any 
phosphate  precipitate.  Pour  into  a  1-inch  optical  cell  and 
measure  the  light  transmission  of  the  solution  through  the  420- 
mill  imi  cron  filter  versus  that  of  (D)  in  a  similar  cell.  Previously, 
balance  the  photometer  at  100  per  cent  transmission  with  (D) 
in  both  cells.  A  calibration  curve  is  prepared  by  taking  a  series  of 
0,  0.5,  1,  1.5,  2,  and  2.5  ml.  of  (F)  through  the  same  procedure 
and  plotting  the  results  on  ordinary  graph  paper.  Figure  2 


Table  III.  Comparison  of  Macro-  and  Semimicromethods  for  Magnesium 


— Macromethod- 


-Semimicromethod- 


Magnesium 

Devi- 

Magnesium 

Devi- 

No. 

Aliquot 

A 

B 

Mean 

ation 

Aliquot 

A 

B 

C 

D 

Mean 

ation 

Error 

Ml. 

M.  e. /liter 

% 

Ml. 

M.  e./liter 

% 

% 

57 

50 

13.34 

13.36 

13.35 

0.08 

0.2 

12.5 

13.1 

13.2 

13.4 

13.1 

1.91 

-1.9 

62 

200 

3.33 

3.35 

3.34 

0.30 

0.8 

3.41 

3.46 

3.20 

3.38 

3.36 

2.46 

+0.6 

79 

200 

1.08 

1.09 

1.09 

0.46 

1.6 

1.11 

1.11 

1.12 

1.11 

1.11 

0.23 

+  1.8 

84 

200 

0.58 

0.58 

0.58 

0.00 

2 

0.58 

0.60 

0.56 

0.57 

0.58 

2.16 

0.0 

85 

50 

12.46 

12.50 

12.48 

0.16 

0.2 

12.9 

12.9 

12.3 

12.7 

12.7 

1.57 

+  1.8 

86 

50 

32.48 

32.82 

32.65 

0.52 

0.1 

32.1 

32.7 

32.1 

32.5 

32.4 

0.77 

-0.8 

314 

200 

6.33 

6.38 

6.36 

0.39 

0.4 

6.10 

6.48 

6.50 

6.45 

6.38 

2.24 

+0.3 

Av. 

0.27 

1.62 

1.0 
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shows  a  typical  curve.  The  amount  of  sodium  in  the  sample  is 
obtained  by  simple  interpolation  on  the  .curve. 

Calculation.  M.  e.  of  Na  per  liter  =  (m.  e.  of  Na  as  found  by 
interpolation  X  1000)  -4-  ml.  in  aliquot. 

Precision  and  Accuracy 

The  macromethod  used  for  comparison  was  the  original 
gravimetric  uranyl  zinc  acetate  method  of  Barber  and  Kolt- 


hoff  ( 6 )  as  modified  by  Wilcox  [39,  Sect.  70  (b),  p.  42],  The 
results  are  presented  in  Table  IV. 

The  colorimetric  results  are  similar  to  those  found  for  mag¬ 
nesium  in  that  while  the  precision  of  the  method  is  not  great 
the  accuracy  obtained  by  using  duplicate  samples  is  satis¬ 
factory.  Since  the  precipitation  procedures  of  the  colori¬ 
metric  and  gravimetric  methods  are  very  similar,  the  source 
of  any  errors  must  lie  mainly  in  the  centrifuge  or  color¬ 
measuring  technique.  Hoffman  and  Osgood  (17)  point  out 
that  the  color  intensity  is  affected  appreciably  by  acid,  which 
must  be  carefully  washed  out  of  the  centrifuge  tube  by  the 
ether.  Also,  the  low  sensitivity  of  photometers  and  color¬ 
imeters  to  yellow  colors  tends  to  reduce  the  attainable  precision. 

COLORIMETRIC  DETERMINATION  OF  POTASSIUM 

Potassium  is  determined  by  a  photometric  method  in 
which  the  cobalt  content  of  the  centrifuged  cobalti nitrite 
precipitate  is  estimated  by  treatment  with  ferrocyanide  and 
choline  hydrochloride,  according  to  a  method  of  Jacobs  and 
Hoffman  (18),  later  modified  for  the  photoelectric  colorim¬ 
eter  by  Hoffman  (16).  Morris  and  Gerdel  (22)  describe  a 
similar  method  for  plant  samples. 

The  technique  of  precipitation  of  the  potassium  sodium 
cobaltini trite  involves  some  suggestions  of  Volk  (35)  applied 
to  the  clinical  method  of  Kramer  and  Tisdall  (21).  Pro¬ 
vision  is  included  for  the  volatilization  of  ammonia  from 
samples  containing  amounts  that  would  cause  positive  errors 
in  the  potassium  value. 

Reagents.  A.  30  per  cent  sodium  cobaltinitrite  reagent. 
Dissolve  30  grams  of  c.  p.  sodium  cobaltinitrite  in  water,  add  2  ml. 
of  glacial  acetic  acid,  and  dilute  to  100  ml.  Prepare  a  sufficient 
quantity  fresh  daily.  Filter  before  use. 

B.  70  per  cent  ethanol. 

C.  0.4  per  cent  choline  hydrochloride.  Recrystallize  choline 
hydrochloride  as  follows:  Dissolve  in  a  minimum  quantity  of 
absolute  ethanol,  filter,  and  precipitate  by  addition  of  excess 
ether.  Collect  on  a  suction  funnel,  wash  with  ether,  and  dry 
in  a  desiccator.  Dissolve  0.2  gram  in  50  ml.  of  water.  Prepare 
a  sufficient  quantity  of  the  solution  fresh  daily. 

D.  0.8  per  cent  potassium  ferrocyanide.  Recrystallize 
potassium  ferrocyanide  from  a  boiling  saturated  aqueous  solution 
by  cooling.  Collect  on  a  suction  funnel  and  pull  air  through  until 
dry.  Dissolve  0.4  gram  in  50  ml.  of  wrater.  Prepare  a  sufficient 
fresh  quantity  of  the  solution  daily. 

E.  Standard  0.01  V  potassium  chloride  solution.  Dissolve 
0.7456  gram  of  dry  recrystallized  potassium  chloride  in  water  and 
dilute  to  exactly  1  liter. 

F.  IN  sodium  hydroxide. 

G.  IV  acetic  acid. 

H.  Methyl  orange,  0.01  per  cent  in  water. 


Procedure.  Pipet  an  aliquot  containing  0.0005  to  0.005  m.  e. 
of  potassium  into  a  clean  12-ml.  graduated  conical  centrifuge  tube, 
dilute  or  evaporate  to  1  ml.,  blow  in  2  ml.  of  (A)  from  a  pipet,  and 
twirl  the  tube  for  a  few  seconds.  Let  stand  3  hours  in  a  refriger¬ 
ator  at  about  5°  C.,  and  mix  by  twirling  several  times  during  this 
interval.  Wash  the  upper  walls  of  the  tube  with  a  stream  of  0.5 
ml.  of  water,  but  do  not  mix  it  with  the  precipitation  liquid. 

Centrifuge  at  3000  r.  p.  m.  for  10  minutes  and  drain  on  filter 
paper  for  5  minutes.  Wipe  the  mouth  of  the  tube  with  a  clean 
towel  or  lintless  filter  paper.  Stir  the  precipitate  and  wash  the 
tube  walls  with  a  stream  of  3  ml.  of  (B). 
Centrifuge  for  5  minutes  and  drain. 
Repeat  this  washing  once.  (Ammonia 
should  be  absent  from  the  atmosphere 
during  the  preceding  operations.) 

Vigorously  stir  the  precipitate  with  a 
stream  of  5  ml.  of  water  from  a  pipet. 
Immediately  place  the  tube  in  a  boiling 
water  bath  and  keep  it  there  until  the 
precipitate  is  completely  dissolved. 
Cool,  add  exactly  2  ml.  of  (C),  and  then 
blow  in  exactly  2  ml.  of  (D).  Dilute  to 
the  12-ml.  mark  and  mix  by  inver¬ 
sion.  If  turbid,  centrifuge  for  5  minutes. 
After  an  interval  of  15  to  30  minutes, 
compare  the  light  transmission  in  a 
1-inch  optical  cell  through  the  580- 
millimicron  filter  with  that  of  water  in 
a  similar  cell. 

Previously,  balance  the  photometer  at  100  per  cent  transmission 
with  water  in  both  cells. 

Prepare  a  calibration  curve  for  each  set  of  samples  by  carrying  a 
series  of  0,  0.1,  0.2,  0.3,  0.4,  and  0.5  ml.  of  0.01  N  potassium 
chloride  through  the  same  operations.  The  amount  of  potassium 
in  the  sample  is  found  by  interpolation  on  this  curve.  A  straight- 
line  semilogarithmic  calibration  curve  is  obtained  for  the  range _0 
to  0.005  m.  e.  of  potassium,  as  shown  in  Figure  3. 


Figure  3.  Photometer  Calibration  Curve  for 
Potassium 


If  a  qualitative  or  quantitative  test  for  ammonia  indicates 
sufficient  to  interfere,  it  can  be  removed  by  the  following  pre¬ 
liminary  treatment.  Pipet  the  potassium  aliquot  into  a  15-ml. 
beaker,  dilute  to  5  ml.,  and  add  0.2  ml.  of  (F).  Boil  slowly  until 
just  dry,  add  5  ml.  of  water,  and  boil  again  until  the  residue  is 
barely  moist.  Dissolve  in  a  minimum  volume  of  water,  not  over 
0.5  ml.  and  decant  into  a  graduated  12-ml.  centrifuge  tube. 
Rinse  the  beaker  with  several  0.2-ml.  portions  of  water,  and  add 
these  to  the  centrifuge  tube.  Add  1  drop  of  (H)  and  neutralize 
with  (G).  Evaporate  in  a  water  bath  to  a  volume  of  1  ml. 
Cool  and  proceed  in  the  regular  manner.  The  series  of  standards 
should  be  treated  in  the  same  manner  because  of  the  possible 
addition  of  potassium  by  way  of  the  extra  reagents. 

Calculation.  M.  e.  of  K  per  liter  =  (m.  e.  of  K  in  aliquot  as 
found  by  interpolation  X  1000)  4-  ml.  in  aliquot. 

Precision  and  Accuracy 

Quantitative  comparisons  with  macromethods  are  pre¬ 
sented  in  Table  V.  Samples  62.  85,  and  314  were  analyzed 


Table  IV.  Comparison  of  Macro-  and  Semimicromethods  for  Sodium 


■Macromethod - .  . - — Semimicromethod- 


Soil 

Sodium 

Devi- 

Sodium 

No. 

Aliquot 

A 

B 

Mean 

ation 

Aliquot 

A 

B 

Mean 

ation 

Error 

Ml. 

M.  e. /liter 

% 

Ml. 

M .  e. /liter 

% 

% 

57 

5 

29.71 

29.83 

29.77 

0.20 

0.3 

30.0 

30.3 

30.2 

0  50 

+  1.4 

62 

2 

86.15 

86.35 

86.25 

0.12 

0.1 

86.5 

87,5 

87.0 

0.58 

+  0.9 

79' 

50 

3.40 

3.44 

3.42 

0.59 

2 

3.47 

3.57 

3.52 

1.42 

+  2.9 

84 

50 

5.16 

5.16 

5.16 

0.00 

2 

5.05 

5.15 

5.  10 

0.98 

-1.2 

85 

50 

3.48 

3.48 

3.48 

0.00 

2 

3.53 

3.63 

3.58 

1.40 

+  2.9 

86 

10 

21.71 

21.71 

21.71 

0.00 

0.4 

21.3 

21.3 

21.3 

0.00 

-1.9 

314 

5 

52.84 

53.02 

52.93 

0.17 

0.2 

52.5 

53.0 

52.8 

0.47 

-0.2 

Av.  0.15  0.76  1.6 


June  15,  1943 


ANALYTICAL  EDITION 


399 


by  the  gravimetric  cobaltinitrite  method  of  Wilcox  (40)  ■  The 
remainder  were  analyzed  by  a  volumetric  cobaltinitrite  pro¬ 
cedure,  in  which  the  potassium  was  precipitated  according 
to  Wilcox  (40)  and  filtered  and  titrated  according  to  Hibbard 
and  Stout  (IS). 

None  of  the  three  methods  shows  a  high  degree  of  pre¬ 
cision  on  these  samples.  Cobaltinitrite  methods  usually  are 
not  the  most  accurate  methods  for  potassium,  but  are  widely 
used  in  soil  analysis  because  of  their  convenience  and  sensi¬ 
tivity.  The  precipitation  in  both  the  macro-  and  semi¬ 
microprocedures  is  probably  affected  by  the  same  factors. 
Interferences  in  saline  soils  may  occur  because  of  the  low  pro¬ 
portion  of  potassium  to  other  ions,  such  as  sodium  and  cal¬ 
cium.  In  gypsiferous  soils,  the  deposition  of  calcium  sulfate 
sometimes  occurs  on  evaporation,  and  the  double  salt  CaS04 .  - 
K2SO4  may  be  formed.  The  predictable  accuracy  of  the 
colorimetric  method  is  very  satisfactory  when  compared  to 
the  macroprocedures. 

COLORIMETRIC  DETERMINATION  OF  AMMONIUM 

In  samples  containing  appreciable  quantities  of  ammonium 
ion  resulting  from  ammonification,  fertilization,  or  other 
source,  it  may  be  desirable  to  determine  its  concentration. 
This  can  be  accomplished  by  the  procedure  outlined  under 
the  description  of  the  colorimetric  determination  of  nitrate. 


VOLUMETRIC  DETERMINATION  OF  CARBONATE  AND 
BICARBONATE 

These  ions  are  determined  by  a  micromodification  of  the 
Warder  (38)  alkalimetric  titration  to  the  phenolphthalein 
and  methyl  orange  end  points,  respectively.  Titration  meth¬ 
ods  are  rapid  in  operation,  but  can  be  highly  inaccurate  under 
the  ordinary  conditions  of  sampling  and  analysis.  These 
factors  were  stressed  by  Johnston  (19).  More  recently, 
Benedetti-Pichler  et  al.  (7)  discussed  the  various  errors  of  the 
ordinary  Warder  procedure.  The  estimation  of  a  small 
amount  of  carbonate  in  the  presence  of  a  much  larger  quan¬ 
tity  of  bicarbonate,  a  condition  frequently  encountered  in 
alkaline  soil  extracts,  usually  involves  con¬ 
siderable  error.  [Hirsch  (15)  recently  de¬ 
scribed  the  construction  of  a  slide  rule  for 
the  calculation  of  these  ions  from  the  pH 
value  and  the  methyl  orange  alkalinity.  His 
charts,  based  on  earlier  calculations  involv¬ 
ing  carbonate-bicarbonate  equilibria,  show 
that  no  titration  method,  potentiometric  or 
colorimetric,  can  be  theoretically  exact.  The 
use  of  such  a  slide  rule  should  provide  more 
accurate  results  than  those  obtained  from 
the  usual  calculation,  especially  where  the 
carbonate  value  represents  a  small  frac¬ 
tion  of  the  total  alkalinity.  ]  Additional 
errors  may  result  from  the  presence  of 


other  titratable  anions,  such  as  silicate,  phosphate,  and 
borate  (2). 

In  spite  of  these  difficulties,  no  other  method  approaches 
it  in  convenience.  The  indicated  method  of  calculation  is 
the  customary  one  and  assumes  the  absence  of  other  titrat¬ 
able  ions. 

Reagents.  A.  Phenolphthalein,  1  per  cent  in  60  per  cent 
ethanol.  B.  Methyl  orange,  0.01  per  cent  in  water.  C. 
Standard  0.01  N  sulfuric  acid. 

Procedure.  Pipet  an  aliquot  containing  0.005  to  0.04  m.  e.  of 
chloride  into  a  15-ml.  wide-mouthed  porcelain  crucible  or  a  small 
porcelain  casserole.  Add  one  drop  of  (A).  If  the  solution  turns 
pink,  add  (C)  from  a  10-ml.  microburet  dropwise  at  5-second 
intervals  until  the  color  just  disappears.  Record  the  buret  read¬ 
ing.  Add  2  drops  of  (B)  and  titrate  to  the  first  orange  color. 
Save  the  titrated  sample  for  the  chloride  determination. 

An  indicator  correction  blank  in  boiled  water  should  be  deter¬ 
mined,  and  applied  if  it  is  not  negligible.  The  lighting  should  be 
adequate  for  the  recognition  of  the  various  colors.  The  use  of 
comparison  color  standards  at  the  correct  end  points  is  helpful. 

Calculation.  If  A  is  the  milliliters  of  (C)  to  the  phenol¬ 
phthalein  end  point  and  B  the  milliliters  to  the  methyl  orange  end 
point, 

M.  e.  of  C03 —  per  liter  =  (2 A  X  0.01  X  1000)  -4-  ml.  in  aliquot. 

M.  e.  of  HCO3-  per  liter  =  [(£  -  2 A)  X  0.01  X  1000]  4-  ml. 
in  aliquot. 

Precision  and  Accuracy 

A  similar  method  employing  0.05  N 
sulfuric  acid  was  used  for  com¬ 
parison  (5,  p.  535;  39,  p.  18).  The 
results  on  the  seven  extracts  are 
presented  in  Table  VI.  As  the 
samples  were  neutral  to  phenol¬ 
phthalein,  the  listed  bicarbonate 
values  consist  of  methyl  orange  alka- 
linities. 

The  precision  of  the  semimicro¬ 
method  corresponds  favorably  to 
that  of  the  official  method.  This 
should  be  expected  of  a  method  in¬ 
volving  merely  a  straightforward  ti¬ 
tration.  It  is  somewhat  more  dif¬ 
ficult  to  estimate  the  accuracy  of  the 
method;  although  by  comparison  with  the  official  method  it 
is  satisfactory,  the  various  factors  previously  discussed  affect 
both  methods.  Comparisons  made  on  other  samples  by 
potentiometric  and  indicator  procedures,  not  reported  here, 
provided  similar  accuracy. 

VOLUMETRIC  DETERMINATION  OF  CHLORIDE 

Chloride  is  determined  by  a  micromodification  of  Mohr’s 
volumetric  silver  nitrate-potassium  chromate  method  (38). 
The  determination  is  made  on  the  carbonate-bicarbonate 
sample,  which  has  been  neutralized  to  methyl  orange  in  that 


Table  VI.  Comparison  of  Macro-  and  Semimicromethods  for 

Bicarbonate 


■Macromethod - -  - - Semimicromethod 


Soil 

Bicarbonate 

Devi- 

Bicarbonate 

Devi- 

No. 

Aliquot 

A 

B 

Mean 

ation 

Aliquot 

A 

B 

Mean 

ation 

Error 

Ml. 

M.  e./ liter 

% 

Ml. 

M. 

,  e./liter 

% 

% 

57 

100 

0.38 

0.39 

0.39 

1.28 

10 

0.37 

0.37 

0.37 

0.00 

-5.1 

62 

100 

1.73 

1.73 

1.73 

0.00 

10 

1.76 

1.78 

1.77 

0.57 

+2.3 

79 

100 

2.67 

2.69 

2.68 

0.37 

10 

2.67 

2.70 

2.69 

0.56 

+0.4 

84 

100 

2.29 

2.32 

2.31 

0.65 

10 

2.27 

2.27 

2.27 

0.00 

-1.7 

85 

100 

1.80 

1.81 

1.81 

0.28 

10 

1.79 

1.81 

1.80 

0.56 

-0.6 

86 

100 

2.85 

2.86 

2.86 

0.17 

10 

2.78 

2.81 

2.80 

0.54 

-2.1 

314 

50 

1.07 

1.08 

1.08 

0.46 

10 

1.11 

1.13 

1.12 

0.89 

+3.7 

Av. 

0.46 

0.45 

2.3 

Table  V.  Comparison  of  Macro-  and  Semimicromethods  for  Potassium 


-Macromethod- 


-Semimicromethod- 


Soil 

Potassium 

Devi- 

Potassium 

Dvi- 

No. 

Aliquot 

A 

B 

Mean 

ation 

Aliquot 

A 

B 

Mean 

ation 

Error 

Ml. 

M.  e./liter 

% 

Ml. 

M.  e./liter 

% 

% 

57 

200 

0.417 

0.425 

0.421 

0.95 

10 

0.428 

0.437 

0.433 

1.04 

+  2.9 

62 

100 

3.10 

3.16 

3.13 

0.96 

1 

3.18 

3.22 

3.20 

0.63 

+  2.2 

79 

100 

0.704 

0.704 

0.704 

0.00 

5 

0.673 

0.677 

0.675 

0.30 

-4.1 

84 

100 

0.335 

0.339 

0.337 

0.59 

10 

0.340 

0.346 

0.343 

0.87 

+  1.8 

85 

100 

3.56 

3.61 

3.59 

0.70 

1 

3.53 

3.60 

3.57 

0.98 

-0.6 

86 

100 

1.086 

1.106 

1.096 

0.91 

5 

1.114 

1.128 

1.121 

0.62 

+  2.3 

314 

100 

0.98 

1.02 

1.00 

2.00 

5 

0.98 

1.00 

0.99 

1.01 

-1.0 

Av. 

0.87 

0.78 

2.1 
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procedure.  With  adequate  lighting  and  appropriate  blank 
corrections,  satisfactory  accuracy  can  be  obtained. 

Reagents.  A.  5  per  cent  potassium  chromate  indicator. 
Dissolve  5  grams  of  potassium  chromate  in  50  ml.  of  water  and 
add  1  N  silver  nitrate  dropwise  until  a  slight  permanent  red  pre¬ 
cipitate  is  produced.  Filter  and  dilute  to  100  ml. 

B.  Standard  0.005  N  silver  nitrate  solution.  Dissolve  0.8495 
gram  of  c.  p.  silver  nitrate  in  water  and  dilute  to  exactly  1  liter. 
Keep  in  a  brown  bottle  away  from  light. 

Procedure.  To  the  sample  preserved  from  the  carbonate- 
bicarbonate  determination,  add  4  drops  of  (A).  While  stirring, 
titrate  under  a  bright  light  with  (B)  from  a  10-ml.  microburet  to 
the  first  permanent  light  brown  color.  The  titration  blank  cor¬ 
rection  varies  with  the  volume  of  the  sample  at  the  end  point,  and 
usually  increases  regularly  from  about  0.03  to  0.20  ml.  as  the 
volume  increases  from  2  to  12  ml. 

Calculation.  M.  e.  of  Cl-  per  liter  =  (ml.  of  AgN03  —  ml. 
of  AgN03  for  blank)  X  0.005  X  1000  -4-  ml.  in  aliquot. 


brown  bottle.  Suspend  4  grams  in  150  ml.  of  water  in  a  250-ml. 
volumetric  flask,  add  7  ml.  of  1  N  hydrochloric  acid,  shake  until 
dissolved,  and  dilute  to  the  mark.  Filter  before  use. 

D.  95  per  cent  acetone. 

E.  Phenol  red.  Prepare  a  0.05  per  cent  aqueous  solution. 
To  reduce  the  titration  blank  caused  by  the  indicator,  add  suffi¬ 
cient  0.05  N  sodium  hydroxide  so  that  when  diluted  in  the  titra¬ 
tion  sample,  the  blank  will  be  no  greater  than  0.05  ml.  of  0.01  N 
sodium  hydroxide.  As  an  illustration,  3  parts  of  phenol  red 
solution  are  treated  with  1  part  of  0.05  N  sodium  hydroxide,  when 
0.2  ml.  of  indicator  is  used  in  the  titration  of  unknowns  and 
standard  phthalate. 

F.  Standard  0.01  N  sodium  hydroxide.  This  should  be 
standardized  against  5  ml.  of  0.01  N  potassium  acid  phthalate  at 
the  boiling  point  with  phenol  red.  The  end  point  is  the  deep 
purplish-red  color  that  persists  on  boiling.  The  total  volume  of 
titrated  sample  at  the  end  point  should  be  10  ml.  Do  not  at¬ 
tempt  to  make  exactly  0.01  N. 

Procedure.  Pipet  an  aliquot  containing  0.005  to  0.08  m.  e.  of 
sulfate  into  a  clean  12-ml.  conical  centrifuge  tube.  Dilute  or 

evaporate  to  5  ml.  Add  2  drops  of 
(A)  and  then  (B)  dropwise  until 
yellow.  Place  in  ice  water,  and  after 
5  minutes  blow  in  2  ml.  of  (C)  from  a 
pipet,  and  mix  well  by  twirling.  Let 
stand  20  minutes  in  ice  water,  and 
centrifuge  at  3000  r.  p.  m.  for  10  min¬ 
utes.  Decant  carefully  without  drain¬ 
ing.  Wash  the  tube  walls  and  stir 
the  precipitate  with  a  stream  of  5  ml. 
of  (D)  from  a  pipet.  Centrifuge  at 
3000  r.  p.  m.  for  5  minutes,  decant, 
and  wash  twice  again  in  the  same 
manner. 

Wash  the  precipitate  into  a  50-  or 
100-ml.  beaker  with  a  10-ml.  stream  of 
water,  add  0.2  ml.  of  (E),  and  titrate 
boiling  hot  with  (F)  from  a  10-ml. 
microburet.  During  the  titration, 
pour  the  hot  solution  back  and  forth 
from  the  beaker  to  the  centrifuge  tube,  to  remove  any  adhering 
precipitate.  Titrate  to  the  same  permanent  end-point  tint  used 
in  the  standardization.  The  total  volume  of  titrated  sample  at 
the  end  point  should  be  10  ml.  Determine  the  titration  blank  by 
exactly  the  same  procedure. 

Calculation.  M.e.  of  S04  per  liter  =  (ml.  of  NaOH  —  ml.  of 
NaOH  for  blank)  X  normality  of  NaOH  X  1000  -4-  ml.  in  aliquot. 

Precision  and  Accuracy 

A  gravimetric  barium  sulfate  method  (39,  p.  19)  was  used 
for  comparison.  Table  VIII  contains  the  results.  The  semi¬ 
micromethod  shows  a  high  degree  of  precision  and  a  pre¬ 
dictable  accuracy  of  about  2  per  cent. 

It  is  important  that  all  titrations,  including  unknowns, 
blanks,  and  standardizations,  be  made  to  the  same  phenol  red 
end  point  in  equal  final  volumes  of  sample.  Precipitation  in 
an  acid  solution  precludes  the  interfering  precipitation  of 
phosphate. 

COLORIMETRIC  DETERMINATION  OF  NITRATE 

Nitrate  is  determined  by  a  distillation  method,  because 
the  well-known  phenoldisulfonic  acid  method  is  seriously 
affected  by  chloride.  The  procedure  involves  reduction  of 
nitrate  to  ammonia,  distillation  into  dilute  acid,  nesslerization, 
and  photometric  comparison  with  standards  similarly  treated. 
Any  nitrite  is  included  in  the  nitrate  value.  Ammonium  ion 
can  be  determined  by  preliminary  distillation  in  the  absence 
of  Devarda’s  alloy. 

Various  nitrogenous  organic  compounds  are  hydrolyzed  on 
boiling  with  sodium  hydroxide,  sodium  carbonate,  and  mag¬ 
nesium  oxide  with  the  formation  of  ammonia  (33,  25,  31). 
If  ammonia  is  distilled  prior  to  the  nitrate  reduction,  possible 
errors  arising  from  the  hydrolysis  of  such  compounds  in  soil 
solutions  or  extracts  are  included  in  the  ammonium  value. 
According  to  Nichols  and  Foote  (23)  and  Shrikhande  (31), 
this  error  in  the  estimation  of  free  ammonia  can  be  eliminated 
by  distilling  the  ammonia  from  a  solution  buffered  at  pH  7.4. 


Table  VII.  Comparison  of  Macro-  and  Semimicromethods  for  Chloride 


MacromethocL - * — '  / - Semimicromethod- 


Soil 

Chloride 

Devi- 

Chloride 

No. 

Aliquot 

A 

B 

Mean 

ation 

Aliquot 

A 

B 

Mean 

ation 

Error 

Ml. 

M.  e./liter 

% 

Ml. 

M.  e./liter 

% 

% 

57 

20 

63.3 

63.5 

63  4 

0.16 

0.5 

63.4 

63.6 

63.5 

0.16 

+0.2 

62 

20 

80.2 

80.3 

80.3 

0.06 

0.5 

80.4 

80.5 

80.5 

0.06 

+0.2 

79 

100 

1.30 

1.30 

1.30 

0.00 

10 

1.25 

1.26 

1.26 

0.40 

-3.1 

84 

100 

1.04 

1.05 

1.05 

0.48 

10 

0.99 

1.00 

1.00 

0.50 

-4.8 

85 

100 

1.52 

1.52 

1.52 

0.00 

10 

1.49 

1.51 

1.50 

0.67 

-1.3 

86 

100 

1.77 

1.78 

1.78 

0.28 

10 

1.76 

1.79 

1.78 

0.84 

0.0 

314 

50 

17.93 

17.94 

17.94 

0.03 

2 

17.93 

17.98 

17.96 

0.14 

+0.1 

Av. 

0.14 

0.40 

1.4 

Precision  and  Accuracy 

The  seven  soil  extracts  were  analyzed  by  this  procedure 
and  by  the  official  Mohr  method  (5,  p.  528)  as  outlined  by 
Wilcox  (39,  p.  18).  The  results  are  presented  in  Table  VII. 
The  reproducibility  of  the  semimicromethod  is  seen  to  be 
very  satisfactory,  comparable  to  that  of  the  macromethod. 
Both  the  precision  and  accuracy  improve  with  increasing 
quantities  of  chloride. 

The  end  point  of  the  chloride  titration  sometimes  is  not 
very  distinct,  which  is  probably  the  main  source  of  error. 
Because  of  the  low  bicarbonate  content  of  several  extracts, 
the  aliquots  used  for  the  bicarbonate  determination  were 
larger  than  those  for  the  chloride  determination. 

VOLUMETRIC  DETERMINATION  OF  SULFATE 

Sulfate  is  determined  by  precipitation  as  benzidine  sulfate, 
centrifugation,  and  direct  titration  of  the  liberated  sulfuric 
acid  with  dilute  standard  base.  The  reagents  and  precipita¬ 
tion  procedure  are  based  on  Fiske’s  modification  (11)  of  the 
Rosenheim-Drummond  method  (29).  Precipitation  in  an 
ice  bath  and  centrifugal  washing  appear  to  increase  the 
accuracy.  A  source  of  error  in  benzidine  methods  has  been 
the  coprecipitation  of  benzidine  hydrochloride,  which  is 
difficult  to  wash  out  of  the  precipitate  (12).  It  is  believed 
that  the  method  described  here  reduces  this  error. 

Reagents.  A.  Bromophenol  blue,  0.04  per  cent  in  95  per 
cent  ethanol. 

B.  IN  hydrochloric  acid. 

C.  Benzidine  hydrochloride  reagent.  Purify  benzidine  hy¬ 
drochloride  and  prepare  the  reagent  as  follows:  Dissolve  10 
grams  of  benzidine  hydrochloride  in  400  ml.  of  1  N  hydrochloric 
acid  by  warming  to  50°  C.  Filter,  add  40  ml.  of  concentrated 
hydrochloric  acid  with  stirring,  cool  in  ice  water  for  30  minutes, 
and  collect  crystals  on  a  Buchner  funnel.  Wash  with  cold  1  N 
hydrochloric  acid,  then  with  two  25-ml.  portions  of  cold  95  per 
cent  ethanol  and  four  portions  of  ether.  When  dry,  transfer  to  a 
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Table  VIII.  Comparison  of  Macro-  and  Semimicromethods  for  Sulfate 


Macromethod - .  ✓ - Semimicromethod 


Soil 

Sulfate 

Devi- 

Sulfate 

Devi- 

No. 

Aliquot 

A 

B 

Mean 

ation 

Aliquot 

A 

B 

Mean 

ation 

Error 

Ml. 

M.  e. /liter 

% 

Ml. 

M.  e. /liter 

% 

% 

57 

100 

14.85 

14.94 

14.90 

0.30 

3 

15.0 

15.0 

15.0 

0.00 

+0.7 

62 

100 

13.76 

13.78 

13.77 

0.07 

3 

14.0 

14.1 

14.1 

0.35 

+2.4 

79 

200 

2.49 

2.49 

2.49 

0.00 

10 

2.40 

2.45 

2.43 

1.03 

-2.4 

84 

200 

4.38 

4.39 

4.39 

0.11 

10 

4.50 

4.53 

4.52 

0.33 

+  3.0 

85 

50 

41.54 

41.60 

41.57 

0.07 

1 

42.5 

42.6 

42.6 

0.12 

+  2.5 

86 

50 

71.70 

71.80 

71.75 

0.07 

1 

72.9 

73.0 

73.0 

0.07 

+  1.7 

314 

50 

47.58 

47.90 

47.74 

0.34 

1 

48.5 

48.8 

48.7 

0.31 

+2.0 

Av. 

0.14 

0.32 

2.1 

The  distillation  equipment  includes  microburners,  100-ml. 
Kjeldahl  flasks,  and  “inverted  U”  air  condensers  of  1.9-cm. 
(0.75-inch)  diameter.  (The  glassware  is  obtainable  from  the 
Hengar  Company,  Philadelphia,  Penna.)  A  distillation  rack 
of  six  units  is  convenient.  The  Nessler  reagent  is  prepared 
according  to  Koch  and  McKeekin  {20).  The  distilled  water 
should  be  practically  free  of  nitrogen  compounds. 


optical  cell  against  that  of  water  in 
a  similar  cell.  Previously  balance 
the  photometer  at  100  per  cent  trans¬ 
mission  with  water  in  both  cells. 

Distill  and  treat  a  series  of  0,  0.2, 
0.5,  1,  and  1.5  ml.  of  (D)  in  the 
same  manner.  From  the  photometer 
readings  plot  a  calibration  curve  on 
semilogarithmic  graph  paper.  The 
mifliequivalents  of  nitrate  in  the  ali¬ 
quot  are  determined  by  interpolation 
on  this  curve.  A  typical  curve  is 
shown  in  Figure  4. 

If  a  qualitative  nesslerization  test 
indicates  a  measurable  amount  of 
ammonia,  both  ammonium  and  ni¬ 
trate  can  be  determined  on  the  same  aliquot  by  the  following 
modification.  Distill,  nesslerize,  and  measure  light  transmis¬ 
sion  in  the  manner  described,  omitting  (A)  and  substituting 
a  boiling  stone.  Now  immerse  the  tip  of  the  rinsed  delivery 
tube  in  a  fresh  mixture  of  3  ml.  of  (C)  and  20  ml.  of  water  in 
a  clean  beaker;  add  to  the  cooled  Kjeldahl  flask  0.50  gram  of 
(A)  and  15  ml.  of  water.  Immediately  connect  to  the  condenser, 
distill,  and  treat  in  the  same  manner. 


Reagents.  A.  Devarda’s  alloy.  Boil  a  quantity  in  0.2  N 
sodium  hydroxide  for  a  few  minutes  to  reduce  the  nitrogen  con¬ 
tent.  Wash  and  dry. 

B.  2  N  sodium  hydroxide.  Dissolve  80  grams 
of  nitrogen-free  sodium  hydroxide  in  1  liter  of 
water. 

C.  0.01  N  sulfuric  acid. 

D.  Standard  0.01  N  potassium  nitrate.  Dis¬ 
solve  1.011  grams  of  dry  recrystallized  potassium 
nitrate  in  water  and  dilute  to  exactly  1  liter. 

E.  Standard  0.01  N  ammonium  sulfate.  Dis¬ 
solve  0.6607  gram  of  pyridine-free  ammonium 
sulfate  in  water  and  dilute  to  exactly  1  liter. 

F.  Nessler  reagent  {19).  “Dissolve  22.5  grams 
of  iodine  in  20  cc.  of  water  containing  30  grams 
of  potassium  iodide.  After  the  solution  is  com¬ 
pleted,  add  30  grams  of  pure  metallic  mercury, 
and  shake  the  mixture  well,  keeping  it  from  be¬ 
coming  hot  by  immersing  in  tap  water  from  time 
to  time.  Continue  this  until  the  supernatant 
liquid  has  lost  all  of  the  yellow  color  due  to 
iodine.  Decant  the  supernatant  aqueous  solution 
and  test  a  portion  by  adding  a  few  drops  thereof 
to  1  cc.  of  a  1  per  cent  soluble  starch  solution. 

Unless  the  starch  test  for  iodine  is  obtained  the 
solution  may  contain  mercurous  compounds.  To 
the  remaining  solution  add  a  few  drops  of  an 
iodine  solution  of  the  same  concentration  as  em¬ 
ployed  above,  until  a  faint  excess  of  free  iodine  can 
be  detected  by  adding  a  few  drops  thereof  to  1  cc. 
of  the  starch  solution.  Dilute  to  200  cc.  and  mix 

well.  To  975  cc.  of  an  accurately  prepared  10  per  cent  sodium 
hydroxide  solution  now  add  the  entire  solution  of  potassium 
mercuric  iodide  prepared  above.  Mix  thoroughly  and  allow  to 
clear  by  standing.”  Keep  in  a  brown  bottle. 

Procedure.  Pipet  an  aliquot  containing  0.002  to  0.015  m.  e. 
of  nitrate  into  a  100-ml.  Kjeldahl  flask.  (If  the  sample  contains 
carbonate,  barely  neutralize  the  aliquot  with  dilute  sulfuric  acid.) 
Add  0.50  gram  of  (A)  and  dilute  to  30  ml.  Immerse  the  tip  of  the 
delivery  tube  in  a  mixture  of  3  ml.  of  (C)  and  20  ml.  of  water  in  a 
100-ml.  beaker. 

Carefully  run  2  ml  of  (B)  down 
the  neck  of  the  flask.  Connect  the 


To  obtain  the  ammonium  calibration  curve,  distill,  without 
Devarda’s  alloy,  a  series  of  0,  0.2,  0.5,  1,  and  1.5  ml.  of  (E), 


Figure  4.  Photometer  Calibration  Curve  for  Nitrate 


nesslerize,  and  measure  the  light  transmission.  Prepare  the 
nitrate  calibration  curve  as  previously  outlined.  Determine  the 
milliequivalents  of  ammonium  and  nitrate  ions  in  the  aliquot  by 
interpolation  on  their  respective  curves. 

If  it  is  suspected  that  hydrolyzable  nitrogenous  organic  com¬ 
pounds  are  increasing  the  ammonium  value,  an  additional  dis¬ 
tillation  should  be  made  in  which  the  Kjeldald  flask  contents  are 
buffered  at  pH  7.4,  according  to  Shrikhande  {31).  A  series  of 
ammonium  standards  can  be  treated  in  the  same  manner. 


flask  to  the  air  condenser  by  the 
rubber  sleeve  and  twirl  it,  to  mix 
the  contents.  Heat  the  flask  with 
a  microbumer  until  15  ml.  have  been 
distilled.  Raise  the  distillation  as¬ 
sembly  free  of  the  acid  and  distill 
one  minute  longer.  Disconnect  the 
delivery  tube  and  rinse  it  into  the 
beaker.  Wash  the  contents  of  the 
beaker  into  a  100-ml.  volumetric  flask, 
add  exactly  5  ml.  of  (F)  while  whirl¬ 
ing  the  flask,  dilute  to  the  mark, 
and  mix.  After  15  minutes,  meas¬ 
ure  the  light  transmission  through 
the  460-millimicron  filter  in  a  1-inch 


Table  IX.  Comparison  of  Macro-  and  Semimicromethods  for  Nitrate 


Macromethod 


Soil 

Nitrate 

No. 

Aliquot 

A 

B 

Mean 

ation 

Ml. 

M.  e./liter 

% 

57 

200 

3.72 

3.73 

3.73 

0.13 

62 

400 

0.673 

0.680 

0.677 

0.52 

79 

400 

0.432 

0.439 

0.436 

0.80 

84 

400 

0.259 

0.259 

0.259 

0.00 

85 

400 

2.35 

2.36 

2.36 

0.21 

86 

400 

0.309 

0.309 

0.309 

0.00 

314 

400 

0.877 

0.879 

0.878 

0.11 

Av.  0.25 


■Semimicromethod 


Aliquot 

Nitrate 

Devi- 

A 

B 

Mean 

ation 

Error 

Ml. 

M.  e./liter 

% 

% 

4 

3.63 

3.63 

3.63 

0.00 

-  2.7 

10 

0.675 

0.690 

0.683 

1.10 

+  0.9 

10 

0.445 

0.450 

0.448 

0.56 

+  2.8 

20 

0.280 

0.285 

0.283 

0.88 

+  9.3 

5 

2.36 

2.36 

2.36 

0.00 

0.0 

30 

0.345 

0.345 

0.345 

0.00 

+  11.6 

10 

0.875 

0.895 

0.885 

1.13 

0.52 

+  0.8 

4.0 
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Calculation.  M.e.  of  N03  per  liter  =  (m.  e.  of  N03in  aliquot 
as  found  by  interpolation  on  N03  curve  X  1000)  H-  ml.  in  aliquot. 

M.  e.  of  NH4  per  liter  =  (m.  e.  of  NH4  in  aliquot  as  found  by 
interpolation  on  NH4  curve  X  1000)  -5-  ml.  in  aliquot. 

Precision  and  Accuracy 

The  seven  soil  extracts  were  analyzed  for  nitrate  by  this 
method  and  by  a  regular  Devarda  procedure  (39,  p.  21)  in 
which  the  ammonia  is  collected  in  boric  acid  solution  and 
titrated  with  0.05  N  sulfuric  acid.  For  this  purpose,  no  pre¬ 
liminary  separation  of  ammonia  was  made,  and  the  values  in 
Table  IX  include  all  nitrogen  that  would  be  liberated  under 
the  analytical  conditions. 

The  extracts  of  soils  84  and  86  contained  so  little  nitrate 
that  the  results  by  the  titration  method  are  probably  in¬ 
accurate.  By  excluding  these  from  the  accuracy  compari¬ 
sons,  the  average  “error”  of  the  semimicromethod  is  reduced 
from  4.0  to  1.5  per  cent.  As  for  some  other  ions,  the  semi¬ 
micromethod  sometimes  may  actually  provide  more  accurate 
results  than  the  comparison  method.  The  colorimetric 
method  shows  a  satisfactory  degree  of  precision. 

Discussion 

The  volume  of  sample  used  in  the  semimicroanalysis  of  the 
seven  soil  extracts  comprised  Vis  to  V36  of  that  used  in  the 
comparison  methods,  with  an  average  of  l/u.  This  repre¬ 
sents  a  considerable  reduction  in  sample  requirements.  In 
general,  semimicroanalysis  requires  less  time,  although  no 
quantitative  comparisons  have  been  made.  The  economy 
effected  in  the  analytical  reagents  is  often  important. 

The  accuracy  obtainable  under  these  conditions  is  not 
seriously  reduced,  and  is  adequate  for  most  soil  analyses. 
The  average  predictable  error  of  the  methods  is  about  2  per¬ 
cent,  based  on  comparisons  with  methods  involving  much 
larger  samples.  Many  of  the  methods  are  sufficiently  precise 
that  replication  of  determinations  usually  is  unnecessary. 
The  quantitative  reproducibility  data  presented  for  the 
various  methods  should  assist  in  determining  the  desirability 
of  replication,  based  on  particular  requirements. 
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Estimation  of  the  Sulfonamides 

A  Rapid  and  Accurate  Micromethod 

S.  W.  LEE,  N.  B.  HANNAY,  AND  W.  C.  HAND 
Wallace  Laboratories,  Inc.,  New  Brunswick,  N.  J. 


RECENT  work  in  the  sulfonamide  field,  in  which  at¬ 
tempts  are  being  made  to  correlate  low  blood  levels 
with  efficacy,  has  made  exact  determinations  of  these  drugs 
more  important  than  ever.  This  need,  and  the  desire  to  ob¬ 
tain  the  advantages  of  working  on  a  micro  scale,  have  led  to  a 
method  which  has  most  of  the  advantages  of  the  methods 
now  in  wide  use,  and  practically  none  of  their  shortcomings. 


Table  I.  Free  Sulfathiazole  Levels 


Subject  and  Sulfathia- 

Regular  Brat- 

Micromethod 

ton  and  Mar- 

Blood  laked 

Blood  pptd. 

zole  Dose 

shall  Method 

before  pptn. 

directly 

Rabbit,  0.5  gram  orally, 
blood  taken  after  one 

Mg.  % 

Mg.  % 

Mg.  % 

hour 

Man,  2  grams  taken  or¬ 
ally,  blood  taken  after 

3.0  (trip.) 

3 . 5  (trip.) 

2  hours 

Man,  1  gram  taken  or¬ 
ally,  blood  taken  after 

2.9  (dupl.) 

3.6  (dupl.) 

2  hours 

Rabbit,  0.5  gram  taken 
orally,  sample  after  1 

2.8 

3 . 3  (dupl.) 

3.3  (dupl.) 

hour 

Man,  2  grams  orally, 

3 . 5  (quad.) 

4.0  (dupl.) 

4.0  (dupl.) 

sample  after  1  hour 
Man,  2  grams  orally, 

2.3  (quad.) 

2.6  (quad.) 

2.6  (trip.) 

sample  after  4  hours 

2.7  (trip.) 

3 . 1  (quad.) 

3 . 1  (quad.) 

The  methods  most  commonly  used  are  those  of  Bratton 
and  Marshall  (2)  and  Werner  (5),  or  modifications  or  adapta¬ 
tions  of  them.  In  the  former  procedure,  the  sulfonamide  is 
diazotized,  and  the  diazonium  salt  coupled  with  W(l-naph- 
thyl)ethylenediamine  dihydrochloride.  The  azo  dye  which  is 
formed  is  determined  colorimetrically.  The  undesirable  fea¬ 
tures  of  this  procedure  have  been  mentioned  in  a  preliminary 
note  on  the  method  under  discussion  ( 5 ).  In  the  Werner 
method,  p-dimethylaminobenzaldehyde  is  used  to  form  a  yel¬ 
low  anil  with  the  “free”  sulfonamides,  and  the  intensity  of 
this  color  is  measured.  It  is  difficult  to  use  this  method  for 
accurate  micro  work  because  of  the  low  tinctorial  value  of  the 
yellow  dye.  It  has  also  been  pointed  out  that  “total”  values 
obtained  with  these  methods  are  subject  to  error  resulting 
from  the  change  in  color  intensity  with  small  changes  in  pH 
(6). 

The  time  required  for  a  single  analysis  is  greatly  reduced 
using  the  micromethod  described  below;  an  analysis  may  be 
completed  in  7  or  8  minutes.  This  is  even  less  than  the  time 
necessary  for  the  Werner  method,  which  is  about  12  minutes 
(1).  Reasonable  amounts  of  sodium  chloride  do  not  inter¬ 
fere.  Fifty  mg.  per  cent  or  less  of  potassium  thiocyanate  ( 6 ) 
did  not  interfere  in  the  determination  of  10  mg.  per  cent  of 
sulfathiazole  by  the  Bratton  and  Marshall  or  the  micro¬ 
method.  This  concentration  of  thiocyanate  is  much  higher 
than  is  ever  obtained  in  the  blood.  Blank  readings  on  normal 
blood  (human,  horse,  and  rabbit)  were  found  to  be  zero  as  a 
rule,  and  never  exceeded  0.2  mg.  per  cent. 

Determination  of  Sulfa  Drugs 

Free  Sulfa  Drugs.  In  the  micromethod,  the  blood  is 
precipitated  directly  in  a  mixture  of  trichloroacetic  and  sul¬ 


furic  acids  (“acid  mixture”).  A  small  amount  of  sulfuric  acid 
was  found  to  aid  materially  in  a  quick  and  complete  precipi¬ 
tation  of  the  protein,  and  was  present  in  sufficient  amount  for 
hydrolysis  purposes,  for  use  in  the  “total”  sulfonamide  de¬ 
terminations.  Laking  the  blood  prior  to  precipitation  is  un¬ 
necessary  (Table  I). 

The  precipitated  protein  is  filtered  off,  the  diazotization  is 
carried  out,  ethyl  alcohol  is  added,  and  the  naphthylethylene- 
diamine  dihydrochloride  is  added  immediately.  The  color 
attains  its  maximum  intensity  in  15  seconds.  In  the  presence 
of  alcohol,  it  is  not  necessary  to  destroy  the  excess  nitrous 
acid,  for  possible  products  formed  by  its  reaction  with  the  dye 
are  likely  to  be  of  the  same  color  and  soluble  in  the  medium. 
No  nitrogen  bubbles  are  formed,  because  the  sulfamate- 
nitrous  acid  reaction  is  eliminated,  and  little  or  no  inter¬ 
ference  from  bubbles  (7)  was  noticed.  Parallel  experiments 
showed  that  the  sulfamate  addition  is  not  necessary,  the 
colors  being  even  more  stable  in  its  absence.  The  recoveries 
obtained  by  different  means  are  shown  in  Tables  I,  IV,  and  V. 


In  the  tables,  results  are  expressed  in  different  terms  for  the 
sake  of  clearness.  In  some  cases  milligram  per  cent  figures  are 
given;  in  others,  actual  density  readings  from  the  drum  of  the 
Coleman  spectrophotometer  are  given.  Density  is  defined  as  the 
logarithm  of  the  reciprocal  of  the  fraction  of  transmitted  light. 
If  Beer’s  law  is  obeyed,  as  it  is  in  this  case,  the  density  is  a  linear 
function  of  the  concentration.  All  results  have  been  checked. 
Elapsed  time  was  measured  with  a  stop  watch.  All  blood  was 
added  at  the  ratio  1  to  20.  All  blood  samples  were  whole  and 
oxalated,  and  usually  less  than  0.5  hour  old.  It  was  found  that 
blood  which  contained  sulfathiazole  increased  in  apparent  sulfa 
drug  content  by  about  10  per  cent  after  standing  at  room  temper¬ 
ature  for  20  hours.  Appropriate  concentrations  of  trichloroacetic 
acid  were  present  in  all  diazotizations.  All  density  readings  were 
made  against  reagent  blanks  of  the  same  age. 


Accurate  analysis  was  possible  for  a  period  of  24  hours. 
The  stability  of  the  colors  in  the  various  methods  is  shown  in 

Table  II. 

Total  Sulfa  Drugs.  In  the  determination  of  total  sulfa 
drug  concentration,  the  Bratton  and  Marshall  method  is 
much  to  be  preferred  to  the  shorter  method  of  Werner  ( 8 ), 
primarily  because  of  the  negligible  effect  of  mineral  acids  on 
the  intensities  of  the  azo  colors  formed.  In  the  micromethod 
0.1  ml.  of  4  N  sulfuric  acid  is  used  in  the  hydrolysis,  although 
0.4  ml.  of  the  acid  does  not  seriously  alter  the  density  read- 


Table  II.  Stability  of  Colors  Formed  in  Various 
Methods 


Method 

Aqueous  sulfathiazole  solu¬ 
tion,  Bratton  and  Mar¬ 
shall  procedure 
Aqueous  sulfathiazole  solu¬ 
tion,  micromethod  with¬ 
out  sulfuric  acid 
Aqueous  sulfathiazole  solu¬ 
tion,  micromethod 
Sulfath'azole  in  rabbit  blood 
filtrate,  micromethod 


Density  Reading  of  a  lO-^g.  Sample 
of  Sulfathiazole  after: 

5  1  2  3  4  24 

min.  hour  hours  hours  hours  hours 


0.25 

0.25 

0.20 

0.15 

0.25 

0 . 255 

0.26 

0.26 

0.26 

0.25 

0.26 

0.26 

0.26 

0.25 

0.25 

0.245 

.. 

0.235 

403 


404 
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Table  III.  Recoveries  of  Sulfathiazole  Added  to  Urine 


Recovered  by  Brat¬ 

Recovered  by  Mi¬ 

Final  Dilution 

ton  and  Marshall 

cromethod 

% 

% 

1:10 

90 

90 

1:20 

92 

98 

1:30 

96 

99 

1:60 

99 

100 

Table  IV.  Recoveries  of  Sulfathiazole  from  Horse  Blood 

(Regular  procedures  as  outlined  were  followed.  Sulfathiazole  was  added 
bo  that  each  2-ml.  aliquot  of  filtrate  should  contain  2,  4,  6,  8,  or  10  mg.  of  the 

drug.) 

Sulfathiazole  Recovered 


2  mg. 

4  mg. 

6  mg. 

8  mg. 

10  mg. 

% 

% 

% 

% 

% 

Method 

added 

added 

added 

added 

added 

Milligram  per  cent 

Bratton  and  Marshall 

1.85 

m  . 

5.27 

8.5 

Micromethod 

Micromethod  without  sul- 

1.86 

3.76 

5.8 

7.75 

9.5 

furic  acid 

1.95 

4.0 

5.8 

7.84 

9.6 

added  to  2.00  ml.  of  solution,  both  in  the  reaction  with 
and  without  added  sulfuric  acid.  The  indicated  presence  of 
sodium  chloride  means  that  1.0  ml.  of  0.7  per  cent  saline  was 
added. 

The  experimental  conditions  for  diazotizations  at  35°  C.  were 
the  same  as  those  in  Table  IV. 

The  addition  of  a  small  amount  of  sulfuric  acid  to  the  usual 
trichloroacetic  acid  decreased  the  recovery  very  slightly. 
The  recovery  of  sulfathiazole  added  to  whole  blood,  using  the 
micromethod,  is  almost  quantitative  (95  to  100  per  cent). 
A  comparison  of  recoveries  is  given  in  Table  IV. 

The  variation  in  recoveries  among  the  sulfa  drugs  has  been 
explained  on  a  solubility  basis:  the  more  insoluble  the  sul¬ 
fonamide,  the  greater  the  error  in  the  determination  due  to 
loss  in  preparing  the  blood  filtrate  (4) .  This  explanation  seems 
unlikely  when  one  considers  that  only  micrograms  are  present 
in  solutions  in  which  tenths  or  hundredths  of  grams  will  dis¬ 
solve,  so  that  solutions  are  often  one  ten-thousandth  satu¬ 
rated.  The  sulfa  drugs  vary  in  solubility  by  factors  of  10  or 
20.  Solubility  would  thus  be  expected  to  exert  little  influence 
on  the  recoveries. 


ings.  If  the  acid  mixture  of  trichloroacetic  and  sulfuric  acids 
is  used  for  precipitation  of  the  blood,  the  filtrate  may  be  used 
directly  for  the  total  sulfa  drug  determination. 

Sulfa  Drugs  in  Urine.  The  recovery  of  sulfathiazole 
added  to  various  dilutions  of  normal  urine  is  shown  in  Table 
III,  compared  with  results  obtained  on  the  same  samples  by 
the  Bratton  and  Marshall  procedure. 

Recovery  of  Sulfa  Drugs  from  Whole  Blood 

Much  has  been  written  (7)  about  the  recovery  of  sulfa 
drugs  from  blood.  It  is  the  general  opinion  that,  using  the 
Bratton  and  Marshall  method,  added  sulfathiazole  is  re¬ 
covered  from  whole  blood  to  the  extent  of  85  to  90 


Adsorption  of  the  drug  on  the  precipitated  protein  can  play 
no  important  role  in  producing  the  low  results,  for  complete 
(98  to  100  per  cent)  recovery  can  be  obtained  by  the  micro¬ 
method  after  blood  has  been  precipitated  in  the  presence  of 
the  sulfa  drug  at  1  to  20  dilution.  The  Bratton  and  Marshall 
procedure  gives  85  per  cent  recoveries  under  these  conditions. 

On  the  blood  of  subjects  who  received  sulfathiazole  orally, 
the  micromethod  gives  results  that  are  about  15  per  cent 
higher  than  those  given  by  the  Bratton  and  Marshall  method. 
This  was  taken  to  indicate  complete  recovery  by  the  modified 
method,  in  conjunction  with  the  results  given  in  Table  V. 
Table  I  gives  typical  blood  analyses  by  the  two  procedures, 
and  shows  that  laking  the  blood  before  precipitation  is  not 
necessary. 


per  cent,  at  the  dilution  of  1  to  20.  This  was 
confirmed,  as  shown  in  Tables  IV  and  V.  Work 
previously  reported  ( 6 )  and  experiments  carried 
out  in  this  laboratory  indicate  that  the  filtrates 
from  precipitated  blood  (with  added  sulfathiazole 
and  at  1  to  20  dilution)  contain  practically  all  the 
sulfathiazole  (95  to  100  per  cent) .  Low  recoveries 
were  obtained  with  the  Bratton  and  Marshall 
procedure  when  the  sulfathiazole  was  added  to 
the  whole  blood,  when  whole  blood  was  laked  and 
precipitated  in  the  presence  of  added  sulfathiazole, 
and  in  some  cases  when  the  sulfathiazole  was 
added  to  blood  filtrates  (Tables  I,  IV,  and  V). 
This  is  contrary,  in  part,  to  the  findings  of 
Sunderman  and  Pepper  (7). 

These  results  indicate  that  the  rates  of  diazotiza- 
tion  in  various  media  are  of  importance.  The 
diazotization  experiments  are  summarized  in 
Tables  VI  and  VII,  which  give  rates  and  extents 
of  the  various  reactions.  These  experiments 
indicate  that  the  variation  in  recoveries  with 
different  drugs,  and  with  different  conditions  of 
precipitation  (medium,  temperature,  dilution),  is 
to  be  explained  on  the  basis  of  incompleteness 
of  the  reactions  leading  to  the  formation  of 
the  dye. 

The  diazotizations  at  25°  C.  summarized  in 
Table  VI  were  carried  out  in  a  constant-tem¬ 
perature  bath,  using  the  procedure  indicated.  In 
the  Bratton  and  Marshall  reactions  0.10  ml.  of 
freshly  prepared  0.100  per  cent  sodium  nitrite 
was  added  to  3.00  ml.  of  solution.  In  the 
micromethod  the  same  quantity  of  nitrite  was 


Table  V.  Recoveries  of  Sulfathiazole  Added  to  Various  Media 


Diazotization 

Temper- 

Sulfathia¬ 
zole  Added 

Sulfathiazole 

Found 

Method 

Time 

Min. 

ature 
°  C. 

Medium 

1  2 
Mg.  % 

1  2 
Mg.  % 

B.  &  M. 

3 

ca.  20 

Water  and  CCI3CO2H 

4 

8 

3.2 

6.0 

B.  &  M.  3  ca.  20 

(in  presence  of  NaCl) 

Water  and  CCI3CO- 
OH 

4 

8 

4.0 

8.0 

B.  &  M. 

10 

ca.  25 

Water  and  CCI3CO2H 

4 

8 

4.0 

8.0 

B.  &  M. 

3 

25 

Rabbit  blood  before 
precipitation 

4 

8 

3.5 

6.4 

B.  &  M. 

3 

25 

Sterile,  oxalated  horse 
blood  before  laking, 
etc. 

5 

5 

3.6 

3.7 

Micro 

3 

25 

Sterile,  oxalated  horse 
blood  before  laking, 
etc. 

5 

5 

4.9 

4.9 

B.  &  M. 

3 

25 

Filtrate  from  rabbit 
blood 

4 

8 

3.6 

6.6 

B.  &  M. 

4 

25 

Filtrate  from  human 
blood 

4 

8 

3.8 

7.1 

B.  &  M. 

3 

ca.  22 

Trichloroacetic  acid 
soln.  before  addn. 
and  pptn.  of  rabbit 
blood 

10 

10 

8 

8 

B.  &  M. 

10 

ca.  22 

Trichloroacetic  acid 
soln.  before  addn. 
and  pptn.  of  rabbit 
blood 

10 

10 

9.8 

9.9 

B.  &  M. 

3 

25 

Trichloroacetic  acid 
soln.  before  addn. 
and  pptn.  of  rabbit 
blood 

4 

8 

3.7 

6.5 

B.  &  M. 

( 

3  25 

(in  presence  of  NaCl) 

Trichloroacetic  acid 
soln.  before  addn. 
and  pptn.  of  rabbit 
blood 

10 

10 

9.9 

10 

B.  &  M. 

3 

25 

Trichloroacetic  acid 
soln.  before  addn. 
and  pptn.  of  rabbit 
blood 

Sterile,  oxalated  horse 
blood  laked  in  dis¬ 
tilled  water 

4 

8 

3.7 

6.6 

B.  &  M. 

3 

25 

5 

5 

3.5 

3.6 

Micro 

3 

25 

Sterile,  oxalated  horse 
blood  laked  in  dis¬ 
tilled  water 

5 

5 

4.9 

4.9 
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These  results  indicate  that  the  low  recoveries  obtained  by 
the  Bratton  and  Marshall  method  may  be  due  in  some  cases 
to  incomplete  diazotization.  The  rate  of  diazotization  is  in¬ 
fluenced  by  the  temperature,  sodium  chloride  and  other 
catalysts,  mineral  acid  content,  and  possibly  by  retarding 
substances  in  the  blood  filtrates.  If  the  routine  time  for  di¬ 
azotization  is  to  be  3  minutes,  careful  note  must  be  made  of 
these  conditions.  Higher  recoveries  (by  the  Bratton  and 
Marshall  method)  were  frequently  obtained  when  diazotiza¬ 
tion  was  carried  out  for  longer  than  3  minutes,  or  when  the 
temperature  was  markedly  higher  than  25°  C.  Addition  of 
sodium  chloride  to  one  of  the  reagents  in  the  regular  Bratton 
and  Marshall  procedure  would  preclude  the  chance  of  in¬ 
complete  diazotization,  and  reduce  the  time  for  this  step  to  1 
minute.  Cooper,  Gross,  and  Hogan  ( 8 )  recommend  diluting 
the  blood  with  normal  saline.  Using  this  method  they  ob¬ 
tained  high  recoveries,  which  they  attributed  to  the  preven¬ 
tion  of  hemolysis  on  diluting  the  blood.  It  might  be  possible 
that  they  are,  in  part,  due  to  the  catalytic  effect  of  the  salt 
on  the  diazotization. 


Table  VI.  Rates  of  Diazotization  of  Sulfathiazole  in 
Various  Media 


Per  Cent  Reaction  after  Diazotizing 
for: 

0.5  1  2  3  5 

Medium  and  Method 

Aqueous  sulfathiazole  solution, 

min. 

min. 

min. 
At  25° 

c. 

min. 

min. 

B.  &  M.  procedure 

Rabbit  blood  filtrate,  B.  &  M. 

46 

62 

87 

90 

100 

procedure 

Aqueous  sulfathiazole  solution, 
added  NaCl,  B.  &  M.  proce¬ 

58 

79 

92 

95 

100 

dure 

Aqueous  sulfathiazole  solution, 

96 

100 

100 

100 

100 

micromethod 

Rabbit  blood  filtrate,  micro¬ 

83 

100 

100 

100 

100 

method 

Rabbit  blood  filtrate,  micro- 

83 

100 

100 

100 

100 

method  without  sulfuric  acid 

Aqueous  sulfathiazole  solution, 

83 

96 

97 

At  35° 

c. 

100 

100 

B.  &  M.  procedure 

Rabbit  blood  filtrate,  B.  &  M. 

67 

83 

100 

100 

100 

procedure 

Aqueous  sulfathiazole  solution, 

83 

100 

100 

100 

100 

micromethod 

Aqueous  sulfathiazole  solution, 
micromethod,  without  sulfuric 

100 

100 

100 

100 

100 

acid 

93 

100 

100 

100 

100 

Experimental  Procedure 

Reagents.  Trichloroacetic  acid,  3.33  per  cent. 

Trichloroacetic  and  sulfuric  acid  (“acid  mixture”).  Sulfuric 
acid  (56  ml.  of  4  N )  is  added  to  1  liter  of  3.33  per  cent  trichloro¬ 
acetic  acid. 

Sodium  nitrite.  An  aqueous  solution  of  c.  p.  sodium  nitrite 
(0.1  per  cent)  is  used.  This  was  found  to  be  very  stable  (more 
than  a  month  in  summer  weather).  It  was  renewed  when  low 
readings  were  obtained  from  known  amounts  of  sulfa  drugs. 

Bratton  and  Marshall’s  reagent.  V(l-naphthyl)ethylenedia- 
mine  dihydrochloride  (0.1  per  cent  in  water)  was  used.  It  was 
found  possible  to  use  this  for  a  matter  of  months  also,  providing 
the  determinations  are  made  against  reagent  blanks. 

Ethyl  alcohol,  undenatured  95  per  cent  ethanol. 

Instrument.  All  determinations  were  made  with  a  Coleman 
Universal  spectrophotometer,  with  the  wave  length  dial  set  at 
550  m/j.  Adi  colors  were  compared  against  reagent  blanks  of  the 
same  age,  in  microcuvettes  of  2.5-ml.  volume.  The  similarity  in 
the  absorption  curves  of  the  dyes  formed  in  the  two  methods 
would  indicate  the  method  to  be  equally  useful  with  other  colori¬ 
metric  instruments. 

Calibration  Curve.  Calibration  curves  were  run  in  dis¬ 
tilled  water  containing  the  concentration  of  acids  which  were 
present  in  the  regular  analyses.  All  the  final  colors  were  formed 


Table  VII.  Rates  of  Diazotization  of  Several  Sulfa 

Drugs  in  Various  Media 

Per  Cent  Diazotized 
0.5  1  2  3 

5 

Medium  and  Method 

min. 

min. 

min. 

min. 

min. 

Aqueous  sulfacetamide  solution, 

B.  &  M.  procedure 

100 

100 

100 

100 

100 

Aqueous  sulfanilamide  solution, 

B.  &  M.  procedure 

46 

62 

79 

92 

96 

Aqueous  sulfapyridine  solution, 

B.  &  M.  procedure 

58 

75 

92 

96 

100 

Aqueous  sulfacetamide  solution, 
micromethod 

100 

100 

100 

100 

100 

Aqueous  sulfanilamide  solution, 
micromethod 

79 

•  98 

100 

100 

100 

Aqueous  sulfapyridine  solution, 
micromethod 

100 

100 

100 

100 

100 

Sulfathiazole  in  2  ml.  of  distilled 
water  containing  CCI3CO2H 
and  1  ml.  of  alcohol 

... 

... 

50 

in  10  ml.  flat-bottomed  vials.  These  were  found  to  be  convenient, 
since  they  do  not  require  racks,  and  allow  complete  mixing  of  the 
reagents  by  shaking.  To  each  of  a  series  of  vials  were  added  0.47 
ml.  of  water,  0.43  ml.  of  15  per  cent  trichloroacetic  acid,  0.10  ml. 
of  4  AT  sulfuric  acid,  and  1.00  ml.  of  water  or  one  of  the  various 
concentrations  of  sulfathiazole  solutions.  The  procedure  gave 
solutions  comparable  to  2  ml.  of  blood  filtrate. 

The  sulfathiazole  solutions  were  made  up  as  follows:  0.1000 
gram  of  c.  p.  sulfathiazole  was  dissolved  in  1  liter  of  distilled 
water.  Various  amounts  of  this  solution  (2,  4,  6,  8,  and  10  ml.) 
were  diluted  to  100  ml.  The  resulting  dilutions  contained  2,  4,  6, 
8,  and  10  micrograms  of  sulfathiazole  per  ml.  The  color  was  de¬ 
veloped  as  in  the  micromethod,  using  0.10  ml.  of  nitrite,  waiting 
3  minutes,  and  then  adding  1.00  ml.  of  alcohol  and  0.10  ml.  of 
Bratton  and  Marshall’s  reagent.  By  plotting  the  densities  (or 
the  per  cent  transmission)  of  the  colors  against  the  concentration 
(2,  4,  6,  8,  and  10  micrograms  per  determination),  a  very  useful 
calibration  curve  was  obtained.  If  the  outlined  procedure  for 
blood  is  followed,  the  same  scale  (2, 4,  6,  8,  and  10)  will  correspond 
to  the  milligram  per  cent  of  sulfathiazole  in  the  sample  taken.  In 
other  words,  milligram  per  cent  is  the  same  as  micrograms  per 
0.1  ml.  Beer’s  law  is  exactly  obeyed  to  a  concentration  of  at  least 
12  micrograms  per  determination. 


Procedure  for  Blood  and  Urine 

Precipitation  of  the  Blood.  Whole  blood  (0.30  ml.)  is 
added  dropwise  to  5.70  cc.  of  trichloroacetic  acid,  or  to  the  same 
volume  of  “acid  mixture”.  Each  drop  of  blood  is  broken  up  by 
vigorous  stirring  with  the  end  of  the  pipet,  and  the  tube  is  agi¬ 
tated  by  hand  after  all  the  blood  is  added.  The  mixture  is  allowed 
to  stand  until  the  precipitated  protein  settles  and  is  then  filtered 
through  either  No.  1  or  42  Whatman  paper  of  about  6-cm.  di¬ 
ameter.  The  filtrates  are  uniformly  water-clear.  Slightly  more 
than  4  ml.  are  collected,  sufficient  for  the  determination  of  both 
“free”  and  “total”  sulfonamides. 

Determination  of  Free  Sulfa  Drug  in  Whole  Blood. 
Exactly  2  ml.  of  the  filtrate  (from  either  precipitating  acid)  are 
pipetted  into  10  ml.  flat-bottomed  vials,  sodium  nitrite  (0.10  ml. 
of  0.1  per  cent)  is  added,  and  at  least  3  minutes  are  allowed  for 
the  diazotization.  Alcohol  (1.00  ml.)  is  added,  and  the  tube  is 
swirled.  On  mixing  Bratton  and  Marshall’s  reagent  (0.10  ml.) 
with  the  solution,  the  characteristic  color  is  produced.  The  for¬ 
mation  of  the  color  is  complete  within  15  seconds,  and  the  densi¬ 
ties  of  the  solutions  are  reasonably  constant  for  24  hours.  Read¬ 
ing  in  all  cases  should  be  made  against  reagent  blanks,  and  values 
obtained  from  a  calibration  chart. 

Determination  of  Total  Sulfa  Drugs  in  Whole  Blood. 
Exactly  2  ml.  of  the  filtrate  from  the  “acid  mixture”  precipita¬ 
tion,  or  2  ml.  from  the  trichloroacetic  acid  precipitation  with  0.10 
ml.  of  4  A  sulfuric  acid  added,  are  heated  in  a  boiling  water  bath 
for  about  one  hour.  The  volume  is  adjusted  to  2.00  ml.  with  dis¬ 
tilled  water,  and  the  procedure  for  the  free  determination  is  fol¬ 
lowed. 

Determination  of  Sulfa  Drugs  in  Urine.  Urine  (0.10, 
0.20,  or  0.30  ml.)  is  added  to  the  mixed  acid  blood-precipitating 
reagent  (5.90,  5.80,  or  5.70  ml.,  respectively),  representing  dilu¬ 
tions  of  1  to  60,  1  to  30,  or  1  to  20.  The  pipet  is  rinsed  with  the 
solution.  The  sample  is  filtered  if  any  turbidity  develops.  The 
solution  or  filtrate  (2.00  ml.)  is  analyzed  according  to  the  method 
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outlined  for  blood.  The  colors  formed  in  the  presence  of  diluted 
urine  are  stable  for  only  an  hour,  with  both  Bratton  and  Mar¬ 
shall’s  and  the  micromethods. 

Summary 

A  micromethod  for  the  estimation  of  sulfonanrdes  is  based 
on  the  coupling  of  completely  diazotized  sulfonamides  to 
iV(l-naphthyl)ethjdenediamine.  Changes  in  the  procedure 
have  removed  most  of  the  sources  of  objection  to  the  Bratton 
and  Marshall  method.  The  time  for  a  single  complete  analy¬ 
sis  has  been  reduced  to  about  8  minutes.  The  colors  formed 
are  stable  for  24  hours.  Recovery  of  sulfathiazole  added  to 
whole  blood  has  been  shown  to  be  essentially  complete  at  a 
dilution  of  1  to  20.  On  blood  from  subjects  receiving  the  drug 
orally,  the  micromethod  gives  results  which  are  uniformly 
about  15  per  cent  higher  than  those  obtained  by  the  Bratton 


and  Marshall  procedure.  The  micromethod  has  proved  very 
reliable  and  useful  for  large-scale  work. 
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Microdetermination  of  Mercury  in  Organic 

Compounds 
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DESPITE  the  desirability  of  a  quantitative  method  for 
the  determination  of  mercury  in  biologic  products  that 
have  been  preserved  with  phenyl  mercuric  acetate,  Merthio- 
late,  or  other  organic  mercury  compounds,  no  entirely  satis¬ 
factory  micromethod  has  been  published.  In  the  author’s 
experience  the  Gettler  and  Lehman  modification  ( 2 )  of  the 
Winkler  method  ( 6 ,  7)  for  the  determination  of  mercuric 
salts,  although  satisfactory  for  mercuric  ions,  has  given  very 
low  results  with  organic  mercury  compounds  such  as  those 
mentioned,  except  under  certain  circumstances  when  phenyl 
mercuric  acetate  may  be  titrated  with  dithizone  as  a  monova¬ 
lent  ion.  The  Gettler  and  Lehman  method  consists,  briefly, 
of  a  nitric  acid  and  permanganate  digestion  followed  by  de¬ 
struction  of  excess  permanganate  by  nitrite,  removal  of  ex¬ 
cess  nitrous  acid  by  hydroxylamine  sulfate,  and  titration  of 
the  metal  ion  by  dithizone. 

Experiment  al 

Since  the  losses  mentioned  above  might  be  due  either  to 
incomplete  digestion  or  to  volatilization,  many  modifications 
of  the  digestion  conditions  were  made  in  an  attempt  to  avoid 
these  errors.  Two  methods  gave  satisfactory  results:  Carius 
digestion  in  a  microbomb  and  treatment  of  the  material  with 
aluminum  in  a  neutral  or  slightly  alkaline  medium  at  75°  to 
80°  C.  The  disadvantages  of  the  first  were  the  difficulty  in 
manipulation  and  the  formation  of  chlorine  oxides  which  had 
to  be  removed.  The  reaction  with  aluminum  provided  a 
practical  digestion  method  and  its  application  to  the  deter¬ 
mination  of  organic  mercurials  is  the  subject  of  this  report. 
The  reaction  between  metallic  aluminum  and  the  organic 
mercurials  studied  ran  smoothly  and  quantitatively  at  75°  to 
80°  C.  at  an  initial  pH  range  between  7.8  and  8.4. 

In  order  to  obtain  consistent  end  points  in  the  dithizone 
titration,  a  certain  minimum  concentration  of  salts  in  the 
aqueous  phase  is  essential.  Amounts  exceeding  the  mini¬ 
mum  have  no  detrimental  effect.  Varying  the  concentration 
of  acids  over  the  range  studied  has  no  effect  on  the  titration 
(Table  I). 


Standardization  of  the  titration  technique  also  contributes 
greatly  to  the  accuracy  of  the  determination,  as  described 
below. 

Under  the  conditions  described,  no  evidence  of  oxidation 
of  the  dithizone  has  been  encountered. 

Appabattts.  Pyrex  reflux  apparatus  consisting  of  a  50-  or 
100-ml.  round-bottomed  flask  and  Liebig-type  condenser  with  a 
25-cm.  outside  water-cooled  jacket. 

Reagents.  Dithizone  Solution.  Dissolve  12.5  to  13.0  mg.  of 
diphenylthiocarbazone  (Eastman)  in  500  ml.  of  carbon  tetra¬ 
chloride  (Baker,  analyzed,  in  bottles),  and  allow  to  stand  for  a 
day  in  the  dark.  It  is  important  to  use  the  best  carbon  tetra¬ 
chloride  obtainable.  Filter  through  paper  and  store  in  a  dark 
brown  bottle  in  the  dark. 

The  titration  value  of  this  reagent  remains  constant  for  at  least 
a  month. 

Hydroxylamine  Sulfate  Solution.  Dissolve  20  grams  of  hy¬ 
droxylamine  sulfate  (Eastman)  in  100  ml.  of  water. 


Table  I.  Variations  in  Titration  of  Mercury  with 
Dithizone 


(0.109  mg.  mercury  in  the  presence  of  different  concentrations 
of  acids  and  salts) 


Amounts  of  Salts  and  Concentrated 
Acids'in  100  Ml.  of  Solution 

Ml. 

Dithizone  in 
Titrations 
Ml. 

Ml. 

Average 

Ml. 

500  mg.  of  Tyrode’s  salts11 

0 . 5  ml.  of  H2SO4 

11.4 

11.3 

11.3 

11.3 

0 . 5  ml.  of  H2SO4  +  1  ml.  of  HNO3 

11.4 

11.4 

11.3 

11.4 

0 . 5  ml.  of  H2SO4  +  2  ml.  of  HNOa 

11.2 

11.2 

11.3 

11.2 

0 . 5  ml.  of  H2SO4  +  3  ml.  of  HNOa 

11.3 

11.3 

11.4 

11.3 

0 . 5  ml.  of  H2SO4  +  5  ml.  of  HNOa 

11.3 

11.2 

11.2 

11.2 

No  added  salts 

0.5  ml.  of  H2SO4 

10.2 

9.7 

9.9 

9.9 

0.5  ml.  of  H2SO4  +  1  ml.  of  HNO3 

9.4 

9.9 

10.0 

9.8 

0 . 5  ml.  of  H2SO4  +  2  ml.  of  HNOa 

9.7 

10.1 

9.9 

9.9 

0 . 5  ml.  of  H2SO4  +  3  ml.  of  HNO3 

10.3 

10.0 

9.7 

10.0 

0 . 5  ml.  of  H2SO4  +  5  ml.  of  HNOa 

9.5 

11.2 

10.3 

10.3 

0 . 5  ml.  of  H2SO4  +  5  ml.  of  HNOa 

0 . 5  gram  of  NaCl 

11.3 

11.4 

11.3 

11.3 

1 .0  gram  of  NaCl 

11.4 

11.3 

11.2 

11.3 

2 . 0  grams  of  N aCl 

11.2 

11.3 

11.4 

11.3 

a  Composition  of  Tyrode’s  salts  (4):  NaCl  8.0,  KC1  0.2,  CaCL  0.2,  MgCla 
0.1,  NaH2PC>4  0.05,  NaHCOa  1.0,  and  d-glucose  i.O  gram. 
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Mercury  Standard  Solution.  Dissolve  500  mg.  of  mercury  in 
concentrated  nitric  acid  and  dilute  to  500  ml.  Add  10  ml.  of 
concentrated  nitric  acid  to  10  ml.  of  this  solution  and  dilute  to 
1000  ml.  This  solution  contains  0.0100  mg.  of  mercury  per  1  ml. 

Concentrated  Nitric  Acid  (Baker,  c.  p.,  analyzed,  or  Grasselli). 

Concentrated  Sulfuric  Acid  (Baker,  c.  p.,  special). 

Aluminum  Powder  (Merck),  best  quality. 

The  actual  reagents  used  are  specified,  since  they  are  known 
to  be  satisfactory.  Equivalent  products  of  other  manufacture 
may  be  substituted. 

Procedure.  Transfer  the  sample  containing  0.10  to  0.20  mg. 
of  mercury  to  a  round-bottomed  flask,  and  adjust  with  0.1  A 
sodium  hydroxide  and  0.1  A  hydrochloric  acid  to  pH  7.8  to  8.4, 
using  phenolphthalein  as  indicator.  Concentrate  the  solution 
to  2  to  3  ml.  on  a  boiling  water  bath  unless  volat  ile  mercury  com¬ 
pounds,  such  as  Merthiolate,  are  present,  in  which  case  take  an 
aliquot  without  attempting  to  concentrate.  Add  100  to  200  mg. 
of  aluminum  powder  and  reflux  on  a  water  bath  at  75°  to  80°  C. 
overnight.  An  ordinary  constant-level  water  bath  may  be  ad¬ 
justed  to  hold  this  temperature  with  sufficient  accuracy  by 
simply  regulating  the  height  of  the  burner.  Creeping  of  the 
aluminum  along  the  walls  of  the  flask,  which  reduces  the  surface 
exposed  to  the  solution,  may  be  prevented  by  adding  a  few  drops 
of  ethyl  alcohol. 

Cool  the  flask,  add  0.5  ml.  of  concentrated  sulfuric  acid  through 
the  condenser,  and  replace  on  the  water  bath  (75°  to  80°  C.) 
until  nearly  all  the  aluminum  has  dissolved.  Add  5  ml.  of  con¬ 
centrated  nitric  acid  by  way  of  the  condenser,  wash  down  the  con¬ 
denser  with  a  few  milliliters  of  water,  and  continue  heating  until 
the  solution  clarifies.  Cool  the  flask  and  thoroughly  rinse  the 
condenser  with  water  into  the  flask.  Transfer  the  mixture  to  a 
pear-shaped  150-ml.  separatory  funnel,  filtering  if  necessary, 
and  dilute  to  100  ml.  Glycerol  is  a  satisfactory  lubricant  for  the 
glass  stopper  and  stopcock  of  the  separatory  funnel.  Cool  the 
solution,  add  5  ml.  of  hydroxylamine  sulfate  solution,  shake  the 
mixture,  and  allow  to  stand  a  few  minutes.  Unless  salts  are 
known  to  be  present  in  the  original  sample,  add  0.5  to  1.0  gram 
of  c.  p.  sodium  chloride  and  titrate. 

In  performing  the  titration,  the  solution  must  not  be  exposed 
to  direct  sunlight,  because  this  will  promote  destruction  of  dithi- 
zone.  Add  2  to  3  ml.  of  dithizone  solution  to  the  separatory 
funnel,  stopper  the  funnel,  and  shake  until  the  carbon  tetrachlo¬ 
ride  layer  is  bright  orange.  Unless  the  amount  of  mercury  is 
very  small,  about  20  shakes  are  sufficient.  The  shaking  of  the 
separatory  funnel  should  be  uniform,  counting  the  forward  and 
backward  stroke  as  one  shake.  Should  the  carbon  tetrachloride 
layer  remain  green,  add  a  known  amount  of  mercury  standard, 
correction  for  which  must,  of  course,  be  made  in  the  final  calcu¬ 
lations.  Allow  the  carbon  tetrachloride  layer  to  settle,  then 
draw  it  off,  and  discard.  Add  smaller  amounts  of  dithizone  and 
repeat  the  operation  until  the  time  required  for  the  change  from 
the  green  to  orange  color  is  lengthened  to  30  to  40  vigorous  shakes. 
Add  0.1-  to  0.2-ml.  amounts  of  the  dithizone  and  repeat  until  the 
green  color  remains  on  40  shakes  and  then  changes  to  orange  on 
an  additional  20  shakes.  When  the  addition  of  0.1  ml.  of  dithi¬ 
zone  gives  a  green  color  which  remains  after  60  shakes,  the  titra¬ 
tion  is  finished.  A  little  practice  may  be  necessary  to  obtain  ac¬ 
curately  reproducible  end  points  but  the  technique  is  easily  ac¬ 
quired.  Titrations  should  check  at  least  within  0.2  ml.  of  dithi¬ 
zone  reagent  ( ±0.001  mg.  of  mercury). 

When  the  end  point  is  reached,  draw  off  the  dithizone  solution 
remaining  in  the  separatory  funnel  and  add  a  known  amount  of 
mercury  standard — for  instance,  10  ml.  of  the  dilute  standard 
equivalent  to  0.10  mg.  of  mercury.  Shake  the  solution  and  allow 
it  to  stand  a  few  minutes,  then  titrate  exactly  as  above.  This 
last  step  need  be  carried  out  only  occasionally  to  standardize  the 
dithizone  solution.  The  standard  is  introduced  at  this  step  only 
as  a  matter  of  convenience;  it  may  be  titrated  separately  if 
desired. 

A  blank  determination  should  be  carried  out,  using  all  the 
reagents.  When  the  reagents  specified  are  employed,  the  blank  is 
rarely  greater  than  0.1  ml.  of  dithizone  reagent. 

Calculations.  The  titration  usually  requires  10  to  15  ml.  of 
the  dithizone  solution  for  0.10  mg.  of  mercury.  The  amount  of 
mercury  equivalent  to  1  ml.  of  dithizone  solution  is  calculated 
from  the  titration  of  the  standard  given  above  and  the  titration 
of  the  sample,  corrected  for  the  blank,  is  multiplied  by  this  figure 
to  give  the  amount  of  mercury  present  in  the  sample. 

Results.  To  determine  the  reliability  of  the  method  under 
the  conditions  described,  2  ml.  of  a  1  to  6000  solution  of  either 
phenyl  mercuric  acetate  or  Merthiolate  were  added  to  various 
substances  such  as  Tyrode’s  salts,  powdered  egg  yolk,  and  anti¬ 
pneumococcus  horse  serum  and  the  mixtures  were  analyzed  ex¬ 
actly  as  described  above.  Table  II  shows  that  the  recovery  of 
mercury  from  these  mixtures  is  quantitative. 


Table  II.  Recovery  op  Mercury  from  Mixtures  Contain¬ 
ing  Phenyl  Mercuric  Acetate  and  Merthiolate 


Additional  Substances  Theory  Found 

Mg.  Mg. 

Phenyl  mercuric  acetate  equivalent  to  0.200  mg.  of  Hg 
500  mg.  of  Tyrode’s  salts 


500  mg.  of  Tyrode’s  salts  and  6 
drops  of  ethyl  alcohol 
10  ml.  of  antipneumococcus  horse 
serum,  type  1 


Recovery 

% 


1  gram  of  dried  egg  yolk  (powder) 
Merthiolate  equiva 
500  mg.  of  Tyrode’s  salts 

10  ml.  of  antipneumococcus  horse 
serum,  type  1 


0.200 

0.196 

98.0 

0.200 

0.195 

97.5 

0.200 

0.198 

99.0 

0.200 

0.194 

97.0 

0.200 

0.194 

97.0 

0  200 

0.196 

98.0 

0.200 

0.204 

102.0 

0.20CT 

0.201 

101.5 

0.200 

0.203 

101.5 

0.200 

0.212 

106.0 

to  0.167  mg. 

of  Hg  +  + 

0.167 

0.159 

95.2 

0.167 

0.169 

101.2 

0.167 

0.169 

101.2 

Discussion 

The  recovery  experiments  demonstrate  that  the  method 
presented  is  useful  in  the  presence  of  considerable  amounts  of 
salts  and  organic  material  for  the  determination  of  mercury 
in  phenyl  mercuric  acetate  and  Merthiolate.  The  fact  that 
these  compounds  contain  mercury  in  two  different  types  of 
linkage  suggests  the  possible  application  of  the  method  in 
determining  mercury  in  other  organic  mercury  compounds. 
Preliminary  investigation  of  the  reaction  between  aluminum 
and  organic  mercury  compounds  as  a  possible  step  in  deter¬ 
mining  much  smaller  amounts  of  organic  mercury  compounds 
colorimetrically  with  dithizone  has  shown  definite  promise. 

The  metals  most  likely  to  interfere  with  the  determination 
are  copper,  silver,  gold,  and  palladium.  Of  these  only  copper 
may  be  present  in  significant  amounts  in  biologic  products. 
Methods  exist  for  the  separation  of  copper  from  mercury 
( 6 ,  7,  8)  and  prevention  of  interference  of  copper  (5).  In  ac¬ 
tual  experience,  the  blanks  have  been  very  low  on  practically 
all  materials  examined.  It  is  advisable,  however,  to  have  as  a 
control  some  of  the  material  before  the  addition  of  the  pre¬ 
servative. 

It  is  recommended  by  Laug  and  Nelson  (3)  that  during 
extraction  of  mercury  with  dithizone  the  acidity  of  the  mix¬ 
ture  should  not  be  greater  than  1.5  N.  In  the  procedure  here 
described,  the  total  amount  of  acid  does  not  exceed  0.9  A*  at 
the  time  of  titration. 

The  author  has  been  unable  to  find  any  previous  report  on 
the  effect  of  salts  on  the  extraction  of  the  mercury. 

The  dithizone  solution  used  here  is  approximately  0.0001  AT 
and,  theoretically  (I),  two  molecules  of  dithizone  are  equiva¬ 
lent  to  one  atom  of  mercury.  The  theoretical  and  actual 
titration  values  are  in  good  agreement. 
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Microdetermination  of  Arsenic  in  Biological 

Material 

JAMES  A.  SULTZABERGER,  Research  and  Biological  Laboratories,  Parke,  Davis  &  Co.,  Detroit,  Mich. 


IN  THIS  laboratory,  many  satisfactory  arsenic  deter¬ 
minations  have  been  made  by  distilling  arsenic  tri¬ 
chloride  and  titrating  with  iodine  according  to  Bang  ( 1 ). 
Since  the  end  point  of  this  method  is  not  sufficiently  sensitive 
for  minute  quantities  of  arsenic,  the  method  was  modified 
by  trapping  the  arsenic  trichloride  in  dilute  nitric  acid 
and  determining  as  molybdenum  blue  according  to  Sobotka 
(5),  whose  method  was  based  on  that  of  Morris  and  Calvery 
(3).  Hodden  (4)  determined  arsenic  as  the  trichloride  in 
ferrous  and  nonferrous  alloys  by  distilling  it  in  a  stream  of 
carbon  dioxide  into  water,  oxidizing  with  nitric  acid,  evaporat¬ 
ing  and  drying  at  130°  C.,  and  reading  the  molybdenum  blue 
color  photometrically.  Hubbard  ( 2 )  adapted  the  method  to 
biological  material. 


CO  oo 

Figure  1.  Fresenius  Flask 


In  the  method  described  below,  arsenic  trichloride  is  dis¬ 
tilled  rapidly  in  a  stream  of  hydrogen  chloride  and  trapped 
in  dilute  nitric  acid. 

Apparatus 

Kjeldahl  flasks,  300  ml.,  and  a  Fresenius  flask  (Figure  1),  25  ml. 

Bent  connecting  tube  with  rubber  stoppers;  inside  diameter  of 
tube,  4.5  mm.  The  middle  section  of  the  tube  slopes  slightly 
toward  the  receiver. 

Erlenmeyer  flasks,  25  ml.,  glass  bulbs,  electric  hot  plate,  ther¬ 
mostatically  controlled  (Fisher  Scientific  Co.,  Autemp  heater), 
and  an  electric  oven. 

Cenco  Photelometer  (photoelectric  colorimeter)  with  a  625- 
millimicron  (red)  filter  and  1-cm.  cells  with  a  volume  of  about  8 
ml. 

Chemicals 

Sulfuric  acid,  specific  gravity  1.84,  arsenic-free;  nitric  acid, 
specific  gravity  1.42,  arsenic-free. 

Potassium  chloride,  potassium  bromide,  ferrous  ammonium 
sulfate  (Mohr’s  salt),  ammonium  molybdate,  and  hydrazine 
sulfate  (Merck’s  reagent). 

Reagent  Solutions 

Standard  Arsenic  Solutions.  Dissolve  1.32  grams  of 
arsenic  trioxide  (Bureau  of  Standards)  in  30  ml.  of  N  sodium 


hydroxide,  dilute,  and  adjust  with  N  hydrochloric  acid  to  pH  6.5 
to  6.8.  Add  sodium  bicarbonate  to  about  pH  7.2  and  dilute  to  1 
liter.  This  solution,  containing  1  mg.  of  arsenic  per  ml.  as  sodium 
arsenite,  is  stable  in  that  form  for  many  months.  Ten  milli¬ 
liters  of  this  stock  solution  diluted  to  1  liter  contain  10  micro¬ 
grams  per  ml. 

Color-Developing  Solution.  Solution  I.  Dissolve  1  gram 
of  ammonium  molybdate  in  about  45  ml.  of  distilled  water,  add 
50  ml.  of  approximately  10  N  sulfuric  acid,  and  dilute  to  100  ml. 
This  solution  is  stable  for  several  weeks.  Larger  crystals  of 
ammonium  molybdate  appear  to  yield  a  lower  blank. 

Solution  II.  Take  20  ml.  of  Solution  I,  dilute  to  about  90  ml., 
and  shake.  Add  2  ml.  of  0.15  per  cent  hydrazine  sulfate  solution, 
dilute  to  100  ml.,  and  mix  well.  This  solution  is  freshly  prepared 
daily. 

Procedure 

Preparation  of  the  Sample.  The  sample  or  an  aliquot  is  di¬ 
gested  with  sufficient  nitric  acid  and  5  ml.  of  sulfuric  acid  as  in 
the  procedure  of  Bang  ( 1 )  or  Morris  and  Calvery  (3).  Care  is 
taken  to  maintain  an  excess  of  nitric  acid  until  all  halogens  are 
removed  and  all  organic  matter  is  oxidized.  About  20  ml.  of 
distilled  water  are  added  to  the  cooled  digest,  which  is  heated 
until  the  sulfuric  acid  fumes  strongly,  in  order  to  remove  any  re¬ 
maining  oxides  of  nitrogen. 

In  the  decomposition  of  bone,  the  oxidation  is  facilitated  by 
dissolving  the  sample  in  reagent  fuming  nitric  acid,  specific  grav¬ 
ity  1.5,  diluting  with  an  equal  volume  of  water,  and  extracting 
the  fat  twice  with  ether.  The  residue  of  the  combined  extracts  is 
digested  separately  as  above  and  added  to  the  original  nitric  acid 
solution.  The  calcium  sulfate  is  filtered  off  and  washed  well  and 
the  digestion  of  the  filtrate  is  completed  as  usual.  Any  loss  of  the 
5  ml.  of  sulfuric  acid  is  replaced. 

Distillation.  The  Fresenius  flask  (Figure  1),  employed  as 
the  receiver  and  containing  1  ml.  of  concentrated  nitric  acid  and 
about  8  ml.  of  distilled  water,  is  surrounded  by  an  ice-water  bath 
and  attached  to  the  connecting  tube  for  distillation.  (The 
amount  of  distilled  water  required  depends  on  the  construction  of 
the  Fresenius  flask.  It  should  be  sufficient  to  trap  the  arsenic 
trichloride  and  yet  not  fill  more  than  two  thirds  of  the  lower  bulb 
before  bubbles  of  gas  are  released  when  the  nitric  acid  solution  is 
under  gradual  pressure  from  the  distillation.)  The  following 
salts  are  previously  placed  in  a  small  covered  beaker:  4  grams  of 
potassium  chloride,  about  0.4  to  0.5  gram  of  potassium  bromide, 
and  1  gram  of  ferrous  ammonium  sulfate.  The  digest,  in  5  ml.  of 
concentrated  sulfuric  acid  in  the  Kjeldahl  flask,  is  diluted  with  6 
ml.  of  distilled  water  and  chilled  under  the  tap.  The  salts  are 
added  all  at  once  through  a  short  wide-stemmed  funnel  to  the 
flask  which  is  connected  immediately  for  distillation.  A  strong 
flame  is  applied  directly  to  the  flask  until  boiling  starts,  when  it  is 
reduced  at  once  until  the  tip  of  the  flame  just  touches  the  flask. 
When  the  effervescence  begins  to  subside  and  the  salts  are  about 
half  dissolved,  the  flame  is  gradually  increased  until  the  salts  are 
all  dissolved  and  the  solution  is  boiling  rapidly.  Meanwhile,  the 
solution  in  the  Fresenius  flask  is  kept  under  strict  observation. 

When  the  first  drop  of  liquid  has  fallen  from  the  connecting 
tube  into  the  receiver,  the  distillation  is  stopped.  The  whole 
time  required  for  this  distillation  should  not  be  more  than  2  to  3 
minutes.  The  receiver  is  removed  and  the  nitric  acid  solution  is 
transferred  to  a  25-ml.  Erlenmeyer  flask  by  pouring  the  solution 
through  the  bulbs  of  the  Fresenius  flask.  The  flask  is  washed 
twice  with  1  ml.  of  distilled  water  which  is  added  to  the  distillate. 
An  aliquot  may  be  taken  at  this  point,  especially  if  the  arsenic 
content  is  entirely  unknown.  The  nitric  acid  solution  is  trans¬ 
ferred  from  the  receiver  to  a  25-ml.  glass-stoppered  volumetric 
flask  and  diluted  to  the  mark,  and  an  aliquot  of  10  ml.  or  less  is 
taken  for  evaporation.  If  it  becomes  necessary  to  take  another 
aliquot  for  evaporation,  this  should  be  done  within  24  hours,  be¬ 
cause  this  solution  is  somewhat  unstable  after  that  time.  Other¬ 
wise,  the  aliquot  should  be  evaporated  with  sulfuric  acid  and  re¬ 
distilled.  The  size  of  the  aliquot  should  be  such  that  it  contains 
less  than  100  micrograms  of  arsenic.  Spinal  fluid  and  blood 
containing  very  small  amounts  of  arsenic  should  be  analyzed 
directly  without  taking  an  aliquot.  In  this  case  it  is  desirable  to 
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Figtjhe  2.  Calibration  Curve 


use  sufficiently  pure  distilled  water  to  reduce  the  blank  to  a 
minimum.  ...  . 

Evaporation  and  Drying.  The  nitric  acid  solution  in  the 
open  Erlenmeyer  flask  is  evaporated  almost  to  dryness  as. soon  as 
possible  and  not  allowed  to  stand  overnight,  because  it  is  easily 
contaminated  with  laboratory  vapors.  This  evaporation  is  done 
on  a  thermostatically  controlled  hot  plate.  A  temperature  of 
120°  to  130°  C.  is  maintained  as  read  on  a  thermometer  suspended 
in  oil  in  a  30-ml.  beaker  in  the  center  of  the  hot  plate,  so  that  the 
bulb  of  the  thermometer  touches  the  bottom  of  the  beaker. 
(When  the  evaporating  solution  has  mostly  disappeared  the  tem¬ 
perature  may  rise  suddenly  above  130°  C.  If  the  temperature  is 
adjusted  to  120°  to  125°  C.,  it  is  not  apt  to  rise  above  130°  at  the 
end  of  evaporation.)  Drying  is  completed  by  placing  the  Erlen¬ 
meyer  flask  in  an  electric  oven  at  120 0  C.  for  1  hour.  This  residue 
is  very  stable. 

Development  of  Color.  Exactly  10  ml.  of  the  color-de¬ 
veloping  reagent  solution  II  are  added  to  the  dry  residue  in  the  25- 
ml.  Erlenmeyer  flask,  which  is  covered  with  a  glass  bulb  and 
heated  in  a  water  bath  for  10  minutes  at  80 0  to  90  °  C. 

After  cooling  under  the  tap,  the  colored  solution  is  transferred 
to  a  1-cm.  cell  and  compared  with  water  in  the  comparison  cell  at 
a  reading  of  100  in  the  photoelectric  colorimeter  with  a  625-milli¬ 
micron  (red)  filter.  To  the  reading  thus  obtained  is  added  a 
reagent  blank  correction,  which  is  determined  with  each  set  of 
analyses.  From  a  curve,  previously  prepared  by  plotting  the 
corrected  Photelometer  readings  from  the  dis¬ 
tillation  of  known  amounts  of  arsenic,  the 
amount  of  arsenic  in  the  sample  is  determined. 

The  Reagent  Blank.  The  amount  of  the 
blank  to  be  added  is  determined  by  placing 
5  ml.  of  concentrated  sulfuric  acid  and  6  ml.  of 
distilled  water  in  a  Kjeldahl  flask,  distilling, 
evaporating,  and  reading  as  in  other  deter¬ 
minations.  The  reading  from  the  blank  is 
subtracted  from  100  to  obtain  the  blank 
correction  which  is  added  to  the  readings  from 
known  or  unknown  amounts  of  arsenic. 

Several  factors  affect  the  value  of  the 
blank.  The  molybdic  acid  solution  I  is  stable 
and  will  not  produce  any  blank  for  at  least  2 
weeks.  The  nitric  acid  which  is  to  be  em¬ 
ployed  in  the  receiver  should  be  stored  in 
a  separate  reagent  bottle,  where  it  is  pro¬ 
tected  from  fumes  evolved  from  digestion 
processes.  Distilled  water  employed  in  the 
receiver  and  in  preparing  the  color  develop¬ 
ing  solutions  should  be  pure  and  protected 
from  laboratory  fumes.  Although  these 
fumes  do  not  usually  contain  arsenic,  they 
increase  the  color  in  the  blank.  When 
these  precautions  were  observed,  a  zero  blank 
was  obtained.  However,  since  it  is  some¬ 
times  necessary  to  redistill  the  water  to 


obtain  it  sufficiently  pure,  the  blank  should  be  determined 
until  experience  has  shown  that  it  is  unnecessary. 

Calibration  Curve 

It  was  found  more  practical  to  plot  the  calibration  curve 
as  shown  in  Figure  2  on  the  basis  of  the  arsenic  concentration 
versus  the  photoelectric  colorimeter  readings  than  against 
color  density  values  which  must  be  calculated  from  instru¬ 
ment  readings.  In  practice,  two  curves  are  employed,  one 
from  0  to  15  micrograms  and  the  other  from  15  to  100  micro¬ 
grams. 

The  light  filter  first  employed  in  the  photoelectric  colorim¬ 
eter  in  this  method  to  measure  the  absorption  of  arsenic 
color  reaction  had  a  maximum  transmission  band  at  about 
625  millimicrons.  The  bands  employed  in  other  methods 
have  been  in  the  range  of  567  to  725  millimicrons.  Very 
recently  the  maximum  absorption  of  the  arsenic  color  re¬ 
action  was  determined  as  shown  by  the  curve  in  Figure  3. 
It  is  obvious  that  the  maximum  absorption  is  in  the  infrared 
at  about  840  millimicrons.  When  a  dark  infrared  gelatin 
filter  was  employed  in  the  photoelectric  colorimeter,  the 
sensitivity  was  doubled.  A  glass  filter  having  the  proper 
wave  band  is  now  being  obtained.  When  it  arrives,  it  will 
be  standardized.  If  it  has  the  maximum  transmission  at  the 
proper  wave  band,  a  new  calibration  curve  will  be  prepared. 

Test  of  the  Method 

Arsenic  was  added  to  10-ml.  samples  of  whole  blood 
(Table  I)  to  50-ml.  samples  of  normal  urine  (Table  II) 
and  to  normal  mice  (Table  III).  The  recovery  of  arsenic 
in  the  three  tables  is  100  ±  5  per  cent  except  with  1 
microgram,  where  the  limits  are  ±  10  per  cent.  Hence,  the 
accuracy  of  the  method  is  about  0.2  microgram  in  the  lowest 
range.  No  arsenic  was  found  in  samples  of  blood  to  which 
none  was  added.  As  arsenic  is  usually  found  in  normal 
urine,  it  appears  in  Table  II  as  a  sample  blank,  although 
the  reagent  blank  has  been  reduced  to  a  minimum.  In 
Table  III,  a  sample  blank  is  also  found.  In  order  to  identify 
this  as  arsenic  and  not  phosphorus,  which  also  gives  the 
molybdenum  blue  color,  these  tests  were  repeated  and  a 
double  distillation  was  performed  in  order  to  remove  any 
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Table  I.  Recovery  of  Arsenic  in  Whole  Blood 

(10-ml.  samples) 


No. 

Arsenic 

Added 

Reagent 

Blank 

Arsenic 

Found 

Arsenic  Recovered 

i 

M  icrograms 

0.0 

Microgram 

0.2 

Micrograms 

0.2 

Micrograms 

0.0 

% 

2 

0.0 

0.2 

0.2 

0.0 

3 

0.0 

0.2 

0.2 

0.0 

loo  !o 

4 

1.0 

0.2 

1.2 

1.0 

5 

1.0 

0.3 

1.2 

0.9 

90.0 

6 

5.0 

0.2 

5.3 

5.1 

102.0 

7 

10.0 

0.2 

10.0 

9.8 

98.0 

8 

15.0 

0.3 

15.4 

15.1 

100.7 

9 

30.0 

0.3 

28.8 

28.5 

95.0 

10 

40.0 

0.3 

39.8 

39 . 5 

99.0 

11 

60.0 

0.3 

63.3 

63.0 

105.0 

12 

80.0 

0.3 

78.8 

78.5 

98.1 

phosphorus  which  might  be  present  in  the  first  distillate. 
Those  mice  to  which  no  arsenic  was  added  still  gave  sub¬ 
stantially  the  same  results.  Hence,  phosphorus  was  com¬ 
pletely  eliminated  in  the  first  distillation,  although  it  was 
accumulated  from  the  bones  in  a  relatively  large  quantity. 

Discussion 

The  apparatus  employed  in  this  method,  except  the  photo¬ 
electric  colorimeter,  is  of  the  simplest  type.  With  a  good 
hood  there  is  no  necessity  for  ground-glass  joints  or  other 
expensive  equipment.  Since  the  actual  distillation  requires 
only  2  to  3  minutes,  only  one  set  of  distillation  apparatus 
is  required.  This  consists  of  nothing  more  than  the  Kjeldahl 
flask  employed  in  the  digestion,  a  bent  connecting  tube  with 
rubber  stoppers  at  each  end,  and  the  small  Fresenius  flask 
used  as  the  trap.  The  time  of  evaporation  of  the  distillate 
has  been  decreased  by  employing  a  thermostatically  controlled 
hot  plate  instead  of  a  steam  bath.  At  120°  to  130°  C.  there 
is  no  loss  of  arsenic  during  evaporation.  If  the  temperature 
of  the  hot  plate  is  allowed  to  rise  to  130°  to  135°  C.,  there 
is  very  little  if  any  loss  and  the  time  of  evaporation  is  about 
1.5  hours.  At  140°  C.  or  above  the  loss  of  arsenic  becomes 
appreciable.  Because  of  the  total  savings  in  time,  six  to  eight 
samples  of  blood  or  urine  may  be  analyzed  in  an  8-hour 
day. 

No  interference  was  caused  by  the  presence  of  antimony, 
bismuth,  selenium,  or  phosphates  either  in  the  blank  or  in 
the  recovery  of  arsenic.  The  amount  of  arsenic  in  the  re¬ 
agents  employed  appears  to  be  negligible.  In  the  separation 
of  arsenic  by  the  generation  of  arsine  as  in  the  Gutzeit  or 
Marsh  tests,  the  use  of  zinc  or  tin  is  required.  These  metals 
are  difficult  to  obtain  entirely  arsenic-free  in  normal  times 
and  now'  the  exigency  is  greatly  increased.  If  the  dilute 
nitric  acid  employed  in  the  trap  and  the  water  employed  in 
the  color-developing  solution  are  sufficiently  pure  and 
protected  from  laboratory  fumes,  the  blank  may  be  reduced 
to  zero. 

No  filtration  nor  adjustment  of  the  pH  value  of  the  color- 
developing  solution  is  necessary.  This  solution  is  placed 
directly  in  the  dried  Erlenmeyer  flasks.  The  characteristic 
molybdenum  blue  color  produced  by  heating  is  stable  and 
obeys  Beer’s  law,  as  showm  when  the  color  density  is  plotted 
against  the  arsenic  concentration.  The  readings  in  this 
procedure  are  made  on  the  transmission  through  1-cm. 
cells.  The  sensitivity  may  be  increased  by  placing  the  same 
volume  of  the  arsenic  solution  in  longer  cells.  It  is  expected 
also  that  the  sensitivity  will  be  more  than  doubly  increased 
by  the  employment  of  the  new  absorption  filter  which  is 
being  obtained.  Although  the  range  of  the  color  test  will  be 
decreased,  that  is  not  serious,  since  a  smaller  aliquot  can  be 
taken.  It  is  planned  to  continue  the  investigation  of  these 
items  and  to  report  in  a  subsequent  paper. 

Although  this  method  has  been  employed  successfully 
in  the  analysis  of  about  a  thousand  samples  of  various 


Table  II.  Recovery  of  Arsenic  from  Urine 


(50-ml.  samples) 


No. 

Arsenic 

Added 

Reagent 

Blank 

Arsenic  Recovered 

1 

Micrograms 

0.0 

Microgram 

0.0 

Micrograms 

1.6 

% 

2 

0.0 

0.0 

1.4 

3 

0.0 

0.0 

1.4 

4 

1.0 

0.0 

2.4 

90.0 

5 

1.0 

0.0 

2.6 

110.0 

6 

1.0 

0.0 

2.6 

110.0 

7 

5.0 

0.0 

6.7 

104.0 

8 

5.0 

0.0 

6.6 

102.0 

9 

10.0 

0.0 

11.2 

97.0 

10 

15.0 

0.1 

16.8° 

101.3 

11 

20.0 

0.0 

21.5 

100.0 

12 

40.0 

0.1 

43.6° 

105.0 

13 

60.0 

0.1 

63.1“ 

102.5 

14 

80.0 

0.0 

80.5 

98.9 

a  Reagent  blank  is  included. 


Table  III. 

Recovery  of  Arsenic  from  Normal  Mice 

Arsenic 

Reagent 

Arsenic 

No. 

Weight 

Added 

Blank 

Found 

Arsenic  Recovered 

Grams  Micrograms 

Micro  gram 

Micrograms 

Micrograms 

% 

1 

19 

0.0 

0.4 

1.4 

1.0 

2 

20 

0.0 

0.4 

1.4 

1.0 

3 

18 

10.0 

0.4 

11.0 

10.6 

96.0 

4 

17 

20.0 

0.4 

20.9 

20.5 

97.5 

5 

18 

30.0 

0.4 

29.9 

29.5 

95.0 

6 

18 

40.0 

0.4 

40.7 

40.3 

98.2 

biological  materials,  it  is  also  applicable  to  any  other  type 
of  analysis  where  the  microdetermination  of  arsenic  is  re¬ 
quired. 

Conclusion 

A  simple,  rapid,  and  accurate  method  has  been  developed 
for  the  microdetermination  of  arsenic  in  biological  materials, 
including  blood,  urine,  bone,  and  tissue.  The  sample  is 
digested  with  concentrated  nitric  and  sulfuric  acids,  and  the 
arsenic  is  distilled  as  the  trichloride  and  trapped  in  dilute 
nitric  acid  solution  in  a  Fresenius  flask.  The  characteristic 
molybdenum  blue  color  is  developed  from  the  evaporated  res¬ 
idue  and  read  in  a  photoelectric  colorimeter  with  a  625- 
millimicron  filter.  The  range  is  0  to  100  micrograms  of 
arsenic.  Based  on  the  recovery  of  arsenic,  the  accuracy  is 
about  0.2  microgram  in  the  lowest  range.  Very  recently 
the  maximum  absorption  of  the  arsenic  color  reaction  has 
been  found  to  be  in  the  infrared  at  about  840  millimicrons. 
It  is  expected  that  the  employment  of  this  wave-length  band 
wall  more  than  double  the  sensitivity. 

The  chief  advantages  of  the  method  are  the  simplicity  of 
the  apparatus  required,  the  rapidity  of  the  distillation  of  the 
arsenic  trichloride,  and  the  increased  accuracy  and  sensitivity 
due  to  a  low  reagent  blank.  This  blank  may  be  reduced  to 
zero  by  the  employment  of  sufficiently  pure  distilled  water. 
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Mustard  Gas  in  Air 

Sensitivity  of  Qualitative  Tests  and  a  Rough  Quantitative  Determination 

WILLIAM  RIEMAN  III 

School  of  Chemistry,  Rutgers  University,  New  Brunswick,  N.  J. 


SEVERAL  methods  for  the  qualitative  detection  of 
/3,/3'-dichlorodiethyl  sulfide  (mustard  gas)  have  been 
described  in  the  literature.  Some  of  these  tests  were  de¬ 
signed  for  the  examination  of  foods  ( 6 ),  and  others  for  the 
analysis  of  soils  U)-  Although  some  papers  deal  specifically 
with  the  detection  of  mustard  gas  in  air  ( 1 ,  2),  no  data  are 
recorded  on  the  minimum  concentration  of  mustard  gas  in 
air  that  can  be  detected  by  the  several  methods.  In  the  event 
of  an  air  raid  in  which  mustard  is  used,  it  would  be  very 
desirable  to  have  ready  a  portable  apparatus  for  the  detection 
of  mustard  gas,  and  also  to  know  the  sensitivity  of  the  test. 
A  test  of  sufficient  sensitivity  would  also  be  useful  after  the 
raid  to  check  the  effectiveness  of  the  decontamination  or  the 
natural  disappearance  of  the  poison. 

For  these  reasons  several  of  the  more  promising  qualitative 
tests  were  investigated  with  regard  to  their  sensitivity  when 
applied  to  contaminated  air. 

Materials  Used 

The  mustard  gas  was  prepared  in  this  laboratory  by  William  A. 
Raimond,  and  the  fraction  boiling  between  115°  and  116°  C. 
at  25  mm.  was  used.  It  froze  sharply  at  14.5°  C._  Comparison 
of  these  figures  with  the  recorded  literature  (5)  indicates  that  the 
compound  had  a  high  degree  of  purity.  It  was  colorless  and  had 
only  a  faint  odor  of  garlic. 

The  Grignard  reagent  (KCuL),  alcoholic  /3-naphthol,  and  iodo- 
platinate  solution  were  prepared  according  to  the  directions  of 
Stainsby  and  Taylor  (6).  Filter  paper  was  impregnated  with 
iodoplatinate  solution  as  recommended  by  Bradley  ( 1 ).  A  1 
per  cent  solution  of  chlorauric  acid  (3)  was  prepared,  and  filter 
paper  was  impregnated  with  this  solution.  A  solution  of  acetic 
acid,  made  by  diluting  5  ml.  of  reagent  grade  acetic  acid  to  100 
ml.,  and  a  0.5  per  cent  solution  of  potato  starch  were  prepared. 
A  small  quantity  of  mustard  was  accurately  weighed  and  dis¬ 
solved  in  sufficient  glacial  acetic  acid  to  give  a  standard  solution 
containing  0.10  mg.  per  ml. 


Table  I.  Colorimetric  Determination  of  Mustard  Gas 
Absorbed  by  Acetic  Acid 


Test 

Velocity  of 
Air  Streams 

Concentra¬ 
tion  of 
Mustard 
in  Mixed 

Total 
Mustard 
in  Mixed 

Mustard 

No. 

A 

B 

Stream 

Time 

Stream 

Absorbed 

Ml./min. 

y /ml. 

Min. 

y 

y 

% 

1 

0 

1.8 

1.0 

5.5 

10 

7.5 

75 

2 

170 

1.7 

0.010 

10.0 

17 

4 

24 

3 

170 

1.7 

0.010 

5.0 

8.5 

2 

24 

4 

170 

3.4 

0.020 

10.0 

34 

10 

29 

5 

170 

3.4 

0.020 

5.0 

17 

5 

29 

6 

170 

3.4 

0.020 

2.5 

8.5 

2 

24 

Apparatus 

The  apparatus  was  essentially  like  that  of  Yablick,  Perrott, 
and  Furman  (7).  A  stream  of  air,  denoted  as  A,  from  a  compres¬ 
sor  was  purified  by  passage  through  a  mixture  of  soda-lime  and 
charcoal.  The  velocity  of  this  stream  was  controlled  by  a  pinch- 
cock  and  pressure  regulator  and  was  measured  by  a  flowmeter. 
A  second  stream  of  air,  B,  was  similarly  purified,  controlled,  and 
measured  and  was  then  bubbled  through  a  vessel  containing  mus¬ 
tard  liquid  immersed  in  a  water  bath  maintained  at  20  =*=  1°  C. 


The  two  streams  of  air  were  mixed  in  a  T-tube  and  passed  through 
the  test  solution  contained  in  a  Pyrex  test  tube,  10  cm.  long  and 
12  mm.  in  diameter,  and  fitted  with  a  2-hole  rubber  stopper.  The 
delivery  tube  entered  through  one  hole,  extended  almost  to  the 
bottom,  and  terminated  in  a  constriction  of  1-mm.  internal  diam¬ 
eter.  The  other  hole  held  the  exit  tube  which  led  the  air  through 
another  mixture  of  charcoal  and  soda-lime.  The  connections  be¬ 
tween  the  mustard  bubbler  and  the  test  tube  were  glass-to-glass 
joints  covered  with  tight  rubber  tubing.  The  temperature  of  the 
laboratory  was  kept  at  about  20°. 


Table  II.  Qualitative  Tests  for  Mustard  Gas 
(Velocity  of  mixed  stream  was  170  ml.  per  minute  in  all  cases.) 
Concentra¬ 
tion  of  Mus-  Total  Mus¬ 
tard  in  tard  in 

Mixed  Mixed 


Reagent 

Stream 

7 /ml. 

Time 

Min. 

Stream 

7 

Results 

Grignard 

0.020 

10 

34 

Negative 

HAuCh 

0.040 

10 

68 

Very  faint 

HAuCli 

0.040 

20 

136 

Faint 

/3-Naphthol 

0.040 

10 

68 

Faint 

HAuCh  paper 

0.020 

10 

34 

Negative 

Na2Ptl6  paper 

0.020 

10 

34 

Negative 

Procedure 

The  velocity  of  stream  A  was  usually  170  =•=  20  ml.  per  minute, 
the  maximum  velocity  that  could  be  used  without  risk  of  blowing 
the  solution  out  of  the  test  tube.  It  also  represents  a  convenient 
rate  for  a  field  test  when  the  air  is  passed  by  means  of  a  rubber- 
bulb  aspirator.  The  velocity  of  stream  B  was  varied  between  1.7 
and  6.8  ml.  per  minute  in  order  to  vary  the  concentration  of  mus¬ 
tard  vapor  in  the  mixed  air  stream. 

For  the  iodoplatinate  test,  the  air  was  bubbled  through  1.0 

ml.  of  5  per  cent  acetic  acid  for  the  indicated  length  of  time,  then 
the  test  tube  was  removed  from  the  apparatus,  and  one  drop  of 
iodoplatinate  solution  was  added,  followed  by  one  drop  of  starch 
solution.  The  pink  iodoplatinate  turns  blue  if  2  micrograms  or 
more  of  mustard  are  present. 

The  mustard  absorbed  by  the  acetic  acid  can  be  determined 
with  an  accuracy  of  1  microgram  by  comparing  the  intensity  of 
the  blue  color  with  a  series  of  standards.  The  color  standards 
are  prepared  by  putting  0.02,  0.04,  0.06,  0.08,  and  0. 10  ml.  of  the 
standard  mustard  solution  in  Pyrex  test  tubes  (10  cm.  by  12 

mm. ),  diluting  to  1.0  ml.  with  water,  and  adding  iodoplatinate 
and  starch  solutions.  The  variation  in  the  concentration  of  acetic 
acid  does  not  appreciably  affect  the  intensity  of  the  blue  color. 
The  color  standards  must  be  prepared  at  the  same  time  that  the 
color  is  developed  in  the  unknown  solution. 

The  tests  with  the  Grignard  reagent  and  with  chlorauric  acid 
consisted  merely  in  letting  the  air  bubble  through  1.0  ml.  of  the 
respective  solutions  and  observing  at  intervals  whether  a  precipi¬ 
tate  had  been  formed.  The  /3-naphthol  test  was  done  similarly, 
except  that  the  test  tube  was  surrounded  by  a  water  bath  at 
40°.  The  tests  with  the  impregnated  papers  were  performed  by 
putting  the  papers  into  the  Pyrex  test  tube  and  passing  the  con¬ 
taminated  air  stream  through  this  tube.  The  iodoplatinate 
paper  was  moistened  with  water  before  use,  but  the  chlorauric 
acid  paper  was  used  dry. 

The  results  of  the  colorimetric  determination  of  mustard 
gas  absorbed  by  the  dilute  acetic  acid  under  various  con¬ 
ditions  are  summarized  in  Table  I.  The  values  in  column  4 
were  calculated  from  the  vapor  pressure  of  mustard  (5)  on  the 
assumption  that  the  air  in  stream  B  was  saturated  with  the 
vapor.  Most  of  the  entries  in  column  7  are  the  mean  of 
duplicate  determinations. 
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The  results  of  the  qualitative  tests  for  mustard  gas  are 
given  in  Table  II. 

Discussion 

Test  1  reveals  that  the  absorption  of  the  mustard  vapor 
by  the  dilute  acetic  acid  is  nearly  complete  when  the  air  veloc¬ 
ity  is  small.  Tests  2  to  6  indicate  that  the  absorption  is 
much  less  complete  when  the  velocity  is  increased.  Never¬ 
theless,  mustard  vapor  can  be  detected  by  the  iodoplatinate 
method  under  the  recommended  conditions  with  a  5-minute 
absorption  period  when  its  concentration  is  only  0.01  micro¬ 
gram  per  ml.  (test  3).  Since  this  concentration  requires  an 
exposure  of  2.5  hours  for  fatal  results  ( 8 ),  the  iodoplatinate 
method  is  fairly  satisfactory  for  detecting  dangerous  con¬ 
centrations  of  mustard  vapor.  It  is  stated  (6)  that  this  test 


is  not  applicable  in  the  presence  of  oxidizing  agents  such  as 
chlorine  or  nitrous  fumes  or  in  the  presence  of  reducing 
agents,  including  the  arsenical  vesicants  in  large  concentration. 

Table  II  reveals  that  the  other  tests  are  much  less  sensitive 
than  the  test  with  iodoplatinate  solution. 
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Microdetermination  of  Magnesium  with  the 

Polarograph 

CHRISTOPHER  CARRUTHERS 

The  Barnard  Free  Skin  and  Cancer  Hospital  and  Washington  University,  St.  Louis,  Mo. 


A  polarographic  procedure  is  given  for  the 
determination  of  microquantities  of  mag¬ 
nesium  as  the  hydroxyquinolate. 


INVESTIGATION  of  possible  chemical  changes  produced 
in  mouse  epidermis  by  methylcholanthrene  (1)  requires 
special  microprocedures,  because  of  the  small  amounts  of 
tissue  available  for  analysis.  Magnesium,  for  example,  can¬ 
not  be  determined  by  any  ordinary  technique,  and  even 
polarographic  determination  is  not  practical.  This  metal 
gives  a  very  poorly  defined  wave  in  solutions  of  tetramethyl- 
ammonium  salts  as  the  supporting  electrolyte  ( 8 ,  8) .  Muller 
(5)  and  Heyrovsky  and  Berezicky  ( 2 )  attribute  the  pro¬ 
nounced  maximum,  and  the  ensuing  large  diffusion  current, 
to  the  evolution  of  hydrogen  resulting  from  the  rapid  de¬ 
composition  of  water  at  the  magnesium-mercury  amalgam 
which  is  formed.  Since  8-hydroxyquinoline  has  proved  to  be 
of  great  value  for  the  determination  of  magnesium  (11), 
a  method  for  the  reduction  of  magnesium  based  upon  the 
polarographic  reduction  of  8-hydroxyquinoline  was  devised. 
The  author  found  that  this  latter  compound  is  reduced  at 
the  dropping  mercury  electrode  and  that  the  diffusion 
current  is  proportional  to  the  concentration.  It  was  therefore 
possible  to  devise  a  polarographic  procedure  for  the  micro¬ 
determination  of  magnesium. 

Apparatus  and  Reagents 

Heyrovsky  polarograph,  Model  XI  (E.  H.  Sargent  &  Co.). 

A  phosphate  buffer  mixture  of  pH  7.6,  3.33  M  with  respect  to 
both  disodium  phosphate  and  monopotassium  phosphate. 

A  wash  solution  made  by  saturating  95  per  cent  alcohol  with 
magnesium  hydroxyquinolate  and  filtering  just  before  use 
through  a  sintered-glass  filter  covered  with  a  layer  of  asbestos. 

Solution  A,  prepared  by  diluting  2  ml.  of  1  per  cent  gelatin 
(Eastman’s  de-ashed)  solution  and  30  ml.  of  0.1  N  hydrochloric 
acid  to  100  ml.  with  the  phosphate  buffer  solution. 


Solution  B,  prepared  by  diluting  2.7  ml.  of  1  per  cent  gelatin 
solution  to  100  ml.  with  the  phosphate  buffer. 

Solutions  A  and  B  should  be  made  just  before  use  or  stored  in  a 
refrigerator,  as  the  presence  of  gelatin  can  favor  a  rapid  growth 
of  microorganisms. 


Procedure 

The  investigations  of  Redman  and  Bright  ( 9 )  and  of 
Miller  and  McLennon  (6)  have  shown  that  the  quantitative 
precipitation  of  magnesium  hydroxyquinolate  is  very  critical 
and  much  affected  by  the  conditions  under  which  it  is  carried 
out.  For  calibration  purposes,  the  author  found  that  to  prevent 
high  results  it  was  necessary  to  precipitate  the  magnesium 
hydroxyquinolate  by  the  method  of  Kolthoff  and  Furman 
(4)  as  follows: 

A  solution  of  magnesium  chloride  (made  by  dissolving  mag¬ 
nesium  ribbon  in  hydrochloric  acid)  is  treated  with  ammonium 
chloride  and  ammonium  hydroxide  and  then  heated  to  96°  to 
100°  C.  To  this  a  5  per  cent  alcoholic  solution  of  8-hydroxy¬ 
quinoline  (Eastman)  is  slowly  added  with  stirring  until  a  slight 
excess  is  present.  Digestion  is  continued  for  a  few  minutes  and 
the  solution  is  then  filtered  hot  through  a  sintered-glass  filter. 
After  the  precipitate  has  been  washed  thoroughly  with  water 
followed  by  alcohol,  it  is  dried  at  105°  C.  overnight. 

The  calibration  data  (Table  I)  were  obtained  by  dissolving  400 
mg.  of  the  magnesium  hydroxyquinolate  in  a  beaker  with  150 
ml.  of  0.1  N  hydrochloric  acid  and  transferring  this  solution 
quantitatively  to  a  500-ml.  glass-stoppered  volumetric  flask  by 
rinsing  the  beaker  several  times  with  the  phosphate  buffer  solu¬ 
tion.  The  flask  was  made  to  volume  with  this  same  buffer  solu¬ 
tion  after  the  addition  of  10  ml.  of  1  per  cent  gelatin.  This  2.29 
X  10  ~3  M  stock  solution  (nearly  saturated)  was  diluted  in  100- 
ml.  glass-stoppered  volumetric  flasks  to  give  magnesium  hydroxy¬ 
quinolate  solutions  1.837  to  0.1148  X  10  ~3  M.  Proportionate 
amounts  of  0.1  A  hydrochloric  acid,  1  per  cent  gelatin,  and  phos¬ 
phate  buffer  were  added  to  maintain  a  constant  pH  and  equiva¬ 
lent  gelatin  concentrations.  The  importance  of  pH  in  the  reduc¬ 
tion  of  organic  compounds  has  been  stressed  by  Muller  (7)  and 
by  Kolthoff  and  Lingane  (5).  Solutions  in  Table  I  had  a  pH  of 
7.09  to  7.12  (glass  electrode).  Solution  A  was  used  for  measuring 
the  residual  current,  ir. 
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Table  I.  Calibration  Data  for  Magnesium  in  Magnesium 
Hydroxyquinolate 


(Various  concentrations  of  magnesium  hydroxyquinolate  in  a  mixture  of  7  parts  of  3.33 
molar  phosphate  buffer  of  pH  7.6  and  3  parts  of  0.1  N  hydrochloric  acid  at  25  C._  Solutions 
contained  0.02  per  cent  gelatin.  Air  removed  with  nitrogen,  h  =  64  cm.,  t  -  2.77  sec., 
m  =  2.925  mg.  sec. "l 2.  Diffusion  currents  measured  at  the  potentials  indicated  with  respect 
to  the  saturated  calomel  electrode.) 


Magnesium  Hydroxy¬ 
quinolate 

Magnesium 

Residual 

Millimolar 

equivalent 

Mg./cc. 

Current11 

Micro¬ 

ampere 

1.14 

0.0279 

0.39 

0.918 

0.0223 

0.31 

0.860 

0.0209 

0.31 

0.5~0 

0.0140 

0.29 

0.459 

0.0112 

0.27 

0.2295 

0.0056 

0.26 

0.1148 

0.0028 

0.25 

Potential 
at  Which 


Observed 

-id - - 

Corrected 

id  Was 
Measured 

id/C 

Microamperes 

Volts 

Microamp 

mmole/l. 

13.60 

13.22 

-1.56 

11.59 

10.67 

10.37 

-1.52 

11.29 

9.95 

9.65 

-1.52 

11.22 

6.48 

6.19 

-1.50 

10.85 

4.88 

4.61 

-1.48 

10.04 

2.20 

1.94 

-1.46 

8.44 

1.07 

0.83 

-1.40 

7.18 

°  Residual  current  of  supporting  electrolyte  alone. 


time  in  seconds  (5)  were  measured  in  solution 
A  at  a  potential  of  —1.5  volts  with  respect  to 
the  saturated  calomel  electrode.  Since  the 
potentials  at  which  id  were  determined  de¬ 
creased  slightly  with  decreasing  concentrations 
of  magnesium  hydroxyquinolate,  the  residual 
currents  were  measured  from  —1.56  to  —1.40 
volts  with  respect  to  the  saturated  calomel 
electrode.  Also  u/C  decreased,  but  the  ratio, 
except  for  the  0.2295  and  0.1148  X  10“3  M 
solutions,  was  found  to  be  fairly  constant. 
For  greater  certainty  in  the  analysis,  a  cali¬ 
bration  curve  was  constructed. 

Since  Maas  (cited  by  Kolthoff  and  Lingane, 
5)  has  shown  that  id/C  may  not  be  constant 
when  the  drop  time  is  too  short,  the  pro¬ 
cedure  described  above  was  repeated  with  an 
electrode  having  a  drop  time  of  4.38  sec¬ 
onds. 


The  diffusion  currents  were  measured  ( 5 )  and  the  polaro- 
grams  made  after  placing  the  magnesium  hydroxyquinolate 
solutions  in  shell  vials  and  then  removing  any  oxygen  with  a 
stream  of  nitrogen  bubbles,  m,  the  rate  of  flow  of  mercury 
from  the  capillary  in  milligrams  per  second,  and  t,  the  drop 


Figure  1.  Polarograms  of  Mag¬ 
nesium  Hydroxyquinolate  in  Phos¬ 
phate  Buffer-Hydrochloric  Acid 
Mixture  at  25  °  C. 

1.  2.29  X  10-3  M  (sensitivity  1/10) 

2.  1.337  X  10  ~3  (sensitivity  1/20) 


The  same  general  id/C  relationship  was  found 
for  this  second  electrode  as  with  the  electrode  used  for  the 
calibration  data  in  Table  I. 

Cathodic  Waves  of  Magnesium  Hydroxyquinolate 

Solutions  2.29  to  1.72  X  10  ~3  M  gave  reduction  waves 
which  were  typical  of  Figure  1,  1.  Two  waves,  the  first 
very  small,  were  present,  but  accurate  measurement  of  id  of  the 
second  wave  was  found  to  be  impractical  for  analytical  pur¬ 
poses  because  of  the  small  region  of  constant  diffusion  cur¬ 
rent.  At  a  concentration  1.377  X  10-3  M,  a  third  wave 
appeared  (Figure  1,  2),  the  second  wave  being  well  defined 
for  0.914  to  0.1148  X  10~3  M  solutions  and  ideal  for  analytical 
purposes  (Figure  2,  1).  Unfortunately  id  of  the  total  double 
wave  (second  and  third)  could  not  be  used  because  the 
hydrogen  wave  interfered  with  the  determination  of  ir  of 
the  latter  (Figure  2,  2).  The  first  small  wave  (Figure  1,  1) 
was  not  present  at  a  concentration  0.2295  X  10  ~3  M. 

The  half-wave  potential  of  the  second  wave  decreased  with 
decreasing  concentrations  of  the  magnesium  hydroxyquino¬ 
late,  the  values  being  about  —1.37  and  —1.30  volts  with  re¬ 
spect  to  the  saturated  calomel  electrode  for  0.918  X  10-3  M 
and  0.459  X  10 _3  M  solutions,  respectively. 

Procedure  for  Solutions 

Solutions  of  known  magnesium  content  were  made  by  dissolv¬ 
ing  Baker’s  magnesium  ribbon  (acid-washed  to  remove  any  oxide) 
in  hydrochloric  acid.  All  solutions  were  diluted  when  necessary 
to  a  volume  of  approximately  10  ml.  in  50-ml.  Pyrex  beakers. 
Various  amounts  were  treated  as  follows  for  precipitation  of  the 
hydroxyquinolate:  To  each  sample  were  added  1  ml.  of  2  A 
ammonium  chloride  and  0.5  ml.  of  6  A  ammonium  hydroxide 
(method  of  Kolthoff  and  Furman,  4) .  The  solutions  were  brought 
to  the  boiling  point,  and  0.7  ml.  of  a  1  per  cent  solution  of  8- 
hydroxyquinoline  in  95  per  cent  alcohol  was  added  dropwise  with 
stirring.  The  solutions  were  allowed  to  cool,  then  reheated,  and 
another  0.7-ml.  portion  was  added  at  or  near  the  boiling  point  in 
the  same  way.  This  procedure  was  repeated  for  a  third  treat¬ 
ment.  Another  group  of  standard  solutions  was  treated  with  2- 
ml.  portions  of  the  8-hydroxyquinoline  at  room  temperature  after 
the  addition  of  ammonium  chloride  and  ammonium  hydroxide, 
and  these  solutions  were  also  held  at  or  near  the  boiling  point  for 
10  minutes.  .  . 

After  one  hour’s  standing  at  room  temperature,  the  precipitates 
were  aspirated  from  the  mother  liquor  with  10-mm.  disk  Pyrex 
filter  sticks  (medium  porosity)  covered  with  a  layer  of  asbestos. 
The  precipitates  were  washed  with  two  2-ml.  portions  of  wash 
alcohol  which  had  been  previously  filtered  as  described  above, 
and  precipitates,  filter  sticks,  and  beakers  were  dried  at  105  °  C.  for 
0.5  hour.  After  cooling  to  room  temperature,  3  parts  of  0.1  A 
hydrochloric  acid  were  added,  and  the  difficultly  soluble  hydroxy¬ 
quinolate  was  brought  into  solution  by  gentle  warming  and  stir¬ 
ring.  While  still  warm,  the  sides  of  the  beaker  were  rinsed  with 
the  acid,  using  the  filter  stick  to  dislodge  any  particles  of  hydroxy- 
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quinolate  adhering  to  the  walls.  Finally,  the  beaker  was  tilted 
so  that  the  lower  third  of  the  filter  stick  was  rinsed  by  the  warm 
acid,  7  parts  of  solution  B  were  added,  and,  after  thorough  mixing, 
the  final  solution  was  filtered  through  paper  to  remove  the  asbes¬ 
tos.  A  sufficient  quantity  of  acid  and  of  solution  B  was  used  to 
keep  the  magnesium  hydroxyquinolate  at  or  below  1  X  10 ~3  M. 

Since  the  half-wave  potential  decreased  with  decreasing  con¬ 
centration  of  the  magnesium  hydroxyquinolate  (Table  I),  the 
potential  at  which  the  diffusion  current  was  measured  was  deter¬ 
mined  as  follows:  When  the  diffusion  current  was  reached 
(shown  by  the  region  of  constant  deflection  of  the  galvanometer 
oscillations),  the  voltage  applied  to  the  dropping  mercury  elec¬ 
trode  was  noted.  Then  as  soon  as  the  galvanometer  oscillations 
indicated  that  the  region  of  constant  diffusion  current  was 
passed,  the  applied  potential  was  again  observed.  The  mean  of 
the  initial  and  final  applied  potentials  was  the  potential  at  which 
the  diffusion  current  was  measured,  and  also  the  potential  from 
which  the  residual  current  was  taken  from  Table  I.  The  mag¬ 
nesium  content  was  read  from  the  calibration  curve. 

Typical  recoveries  from  various  samples  of  known  magnesium 
concentration  are  shown  in  Table  II.  Quantities  as  small 
as  68  to  100  micrograms  could  be  determined  with  an  error 
of  ±1.8  to  ±2.8  per  cent.  Amounts  of  magnesium  up  to 
0.563  mg.  were  determined  equally  well  by  adding  the  8- 
hydroxyquinoline  to  a  hot  or  cold  solution  of  the  known, 
provided  ammonium  chloride  and  ammonium  hydroxide  had 
been  added  previously.  Since  2.8  micrograms  (0.1148  X 
10-3  M  magnesium  hydroxyquinolate)  per  ml.  had  a  diffusion 
current  of  0.825  microampere  (corrected),  the  method  might 
serve  for  the  determination  of  mere  traces  of  magnesium  with 
adequate  methods  for  handling  minute  amounts  of  precipitate. 
This  method  should  also  be  of  value  for  the  microdetermina¬ 
tion  of  the  other  metal  ions  which  are  quantitatively  precipi¬ 
tated  by  8-hydroxyquinoline  (11). 


Table  II.  Assay  of  Known  Magnesium  Chloride  Solutions 


Magnesium  Added 

Recovered 

Difference 

Mg. 

Mg. 

Mg. 

0.5625 

0 . 5570 

-0.0055 

0.3369 

0.3400 

+0.0031 

0.2250 

0.2225 

-  0 . 0025 

0.1800 

0.1750 

-0.0050 

0.1350 

0.1370 

+  0.0020 

0.1125 

0.1140 

+  0.0015 

0.1000 

0.1020 

+0.0020 

0 . 0800 

0.0815 

+0.0015 

0.0680 

0.0700 

+  0.0020 

Procedure  for  Tissues 

The  following  technique  has  been  used  for  the  determina¬ 
tion  of  magnesium  in  100  to  400  mg.  (wet  weight)  of  mouse 
epidermis: 

The  mouse  epidermis  was  ignited  at  450  °  C.  in  a  silica  crucible 
in  a  muffle  furnace  until  all  the  organic  matter  was  destroyed. 
The  ash  remaining  was  dissolved  with  1  ml.  of  0. 1  A  hydrochloric 
acid,  and  the  crucible  rinsed  into  a  50-ml.  Pyrex  beaker  with  four 
2-ml.  portions  of  distilled  water.  (Since  the  calcium  content  of 
mouse  epidermis  had  been  previously  found  to  be  low,  10,  and  the 
iron  content  very  low,  1 ,  removal  of  these  ions  was  unnecessary. 
Iron  and  calcium  are  the  only  elements  found  in  sufficient 
quantity  in  limited  samples  of  animal  tissue  that  might  interfere 
with  the  precipitation  of  magnesium  hydroxyquinolate  as  de¬ 
scribed  below.) 

The  magnesium  was  then  precipitated  by  adding  the  1  per  cent 
alcoholic  8-hydroxyquinoline  reagent  to  the  sample  at  96°  to 
100°  C.  as  previously  described.  The  precipitate  was  washed, 
dried,  and  brought  into  solution  as  outlined  above. 

From  the  diffusion  current,  the  magnesium  content  could 
be  read  on  the  calibration  curve.  When  working  with  un¬ 
knowns  it  was  found  convenient  to  have  solution  A  at  hand, 
so  that  an  aliquot  of  this  mixture  could  be  added  to  one  of  the 


Figure  2.  Polarograms  of  Mag¬ 
nesium  Hydroxyquinolate  in  Phos¬ 
phate  Buffer-Hydrochloric  Acid 
Mixture  at  25°  C. 

1.  0.86  x  10-3  m 

2.  0.2295  X  10-3  M 


buffered  magnesium  hydroxyquinolate  without  changing 
the  final  pH.  This  addition  became  necessary  at  times  in 
order  to  keep  the  molarity  at  or  below  1  X  10-3.  However, 
after  a  few  trials,  it  was  not  difficult  to  estimate  the  propor¬ 
tions  of  0.1  N  hydrochloric  acid  and  of  solution  B  required 
to  keep  the  diffusion  current  within  the  range  of  the  calibra¬ 
tion  curve. 
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Reproducibility  of  Weighings  Made  on 
Microchemical  Balances 

CLEMENT  J.  RODDEN,  Chairman,  JULIUS  A.  KUCK,  Secretary,  A.  BENEDETTI-PICHLER,  ALSOPH  CORWIN, 
AND  EDW.  W.  D.  HUFFMAN,  Committee  on  Microchemical  Balances,  Division  of  Analytical  and  Micro  Chemistry, 

American  Chemical  Society 


AT  THE  Detroit  Meeting  of  the  American  Chemical 
Society  in  September,  1940,  G.  E.  F.  Lundell, 
chairman  of  the  newly  organized  Division  of  Analytical  and 
Micro  Chemistry,  asked  the  divisional  secretary  to  form  a 
Committee  on  Microchemical  Balances,  for  the  purpose  of 
formulating  specifications  for  performance  and  suggestions 
for  materials  and  construction  of  these  instruments  for  the 
benefit  of  American  balance  manufacturers. 

At  the  meeting  of  this  committee  at  Atlantic  City  in 
September,  1941,  it  was  decided  first  to  find  out  what 
performance,  as  regards  reproducibility  of  weighing,  was 
actually  being  obtained  by  microanalysts  in  the  course  of 
their  regular  work.  To  obtain  this  information,  the  mem¬ 
bers  of  the  division  were  circularized  with  the  request  that 
they  perform  a  test  under  definitely  stated  conditions  and 
report  their  results  to  the  committee  secretary.  These  have 
been  summarized  and  the  necessary  statistical  calculations 
performed  by  the  divisional  secretary,  Rev.  Francis  W.  Power, 
S.J.,  Fordham  University,  and  were  presented  in  sub¬ 
stantially  this  form  at  the  Buffalo  Meeting  in  September 
1942. 


Table  I.  Summary  of  Reproducibility  Experiments  on 
Microbalances 

(Requested  by  the  Microbalance  Committee  of  the  Division  of  Analytical 
and  Micro  Chemistry,  1942) 


Date 


Type  and 

Recondi¬ 

Serial  No."* 

Purchase 

tioning 

K  2741 

1935 

K  2531 

1935 

i937 

K  2776 

1936 

B  (special) 

1941 

i936 

K  2340 

1930 

K  2943 

1938 

K  2731 

1936 

K  2413 

1931 

K  2447 

1933 

B  27,225 

1937 

1939 

K  2561 

1933 

1939 

B  none 

1935 

K  2769 

1937 

A  14,772 

1942 

K  2881 

1937 

A  (special) 

1936 

B  31,636 

1942 

K  (not  given) 

1937 

B  29,734 

1940 

K  2863 

1937 

1940 

K  2790 

1937 

1940 

K  2423 

1933 

1939 

B  26,730 

1939 

B  30,833 

1941 

K  2877 

1938 

K  2545 

1934 

B  21,406 

1930 

1935 

S-R  6164 

1938 

A  12,745 

1940 

Results  on  Other 

A  semimicro 

1941 

B  X  11,661 

B  macro 

1931 

22,984 

S  macro 

1915 

20,450 

B  semimicro 

1933 

24,675 

B  semimicro 

1933 

24,675 


Standard  Deviation 
1-gram  load  10-gram  load 
Micrograms 


7.4 

7.2 

2.8 

3.2 

12.86 

13.06 

6.6 

6.3 

3.1 

4.9 

2 . 8  (recheck) 

3.9 

3.6 

5.2 

6.1 

8.3 

1.0 

1.6 

22.36 

17.0  6 

14.06 

38.0  6 

5.9 

3.8 

1.7 

2.1 

1.2 

2.1 

2.2 

2.8 

0.9 

1 . 1 

9.96 

28.3  6 

8 . 4  f>  (recheck) 

22.26 

5 . 1  c 

5.2 

2.5 

6.4 

1.2 

0.7 

1.8 

2.3 

4.7 

6.7 

2.2 

1.7 

3.3 

2.5 

4.0 

5.2 

5.9 

5 . 6 

2.2 

3.6 

8.0 

6.5 

3 . 5 

2.0 

1.3 

1.3 

Balances 

4 

8 

21  (2-gram  load) 

27  (50-gram 

52  (20-gram  load) 

load) 

6  (5-gram  load, 

Sept.,  1938) 

16  (5-gram  load, 

Oct.,  1942) 

°  Designations  of  balances:  K,  Kuhlmann;  B,  Becker;  A,  Ainsworth; 
S-R,  Sartorius  (Ramberg). 

t  Not  used  in  establishing  median. 
c  After  elimination  of  vibration. 


Table  II.  Condensed  Summary  of  Results  (October,  1942) 

Number  of  microbalances  studied  29 


Standard  deviation  of  individual  weighings  (median 
value) 

Probable  error  of  individual  weighings 
Probable  error  of  individual  weighings,  Corner  and 
Hunter  , 

Largest  error  to  be  expected  in  any  one  weighing 
(twice  standard  deviation) 


=*=3.4  micrograms 
±2.3  micrograms 

±3.2  micrograms 

±7  micrograms 


The  test  consisted  in  weighing  two  1-gram  weights  one 
against  the  other,  each  weighing  being  followed  by  a  zero 
point  determination.  The  rider  was  required  to  be  reset 
for  each  weighing  and  for  each  zero  point.  Details  of  reading 
the  scale,  proper  conditions  of  temperature  equilibrium, 
minimizing  vibration  effects,  etc.,  were  left  to  the  discretion 
of  each  analyst,  who  was  asked  simply  to  perform  these 
weighings  with  the  usual  careful  technique  he  would  use 
in  a  regular  series  of  micro  weighings  such  as  those  involved 
in  a  succession  of  carbon  and  hydrogen  determinations.  The 
cooperators  were  asked  to  make  a  series  of  ten  such  weighings 
on  the  1-gram  weights  and  another  series  of  ten  using  two 
10-gram  weights;  the  number  ten  for  the  series  was  selected 
as  a  compromise  between  the  requirements  of  statistical 
stability  for  the  standard  deviations  and  the  amount  of  time 
that  a  busy  analyst  could  be  reasonably  expected  to  spend 
on  such  a  task. 

The  standard  deviations  which  are  given  in  Table  I  are 
those  of  the  individual  weighings,  and  were  calculated  from 
the  formula 

I  2  d* I  2 * * * * * 8 

s  “  \  n  -  1.5 

where  d  is  the  deviation  in  micrograms  of  each  of  the  n(  =  10) 
weighings  from  the  mean.  The  number  in  the  denominator 
is  decreased  by  1.5  to  correct  for  the  underestimation  of  a 
standard  deviation  derived  from  such  a  short  series.  Further 
calculation  indicates  that  there  is  no  significant  difference 
between  the  values  for  1-gram  load  and  those  for  10-gram 
load. 

In  the  summary,  Table  II,  the  median  values  for  the 

standard  deviations  are  also  expressed  as  “probable  errors’’ 
in  order  to  make  the  data  more  easily  comparable  with  a 
somewhat  similar  study  made  by  Corner  and  Hunter  U) 

which  came  to  our  notice  about  the  time  that  our  requests 

for  data  were  being  sent  out.  They  give  figures  for  the 
probable  error  of  weighings  of  two  1-gram  weights  made  on 

8  different  microbalances,  one  of  which  (an  Oertling)  was 
studied  extensivery.  The  standard  deviations  in  their  paper 
vary  from  2.5  to  12.6  micrograms,  the  poorer  values  being 
obtained  on  rather  old  balances  used  by  students.  On  the 
whole  their  study  leads  to  a  probable  error  for  the  individual 
weighings  of  about  ±3  micrograms,  which  is  in  very  good 
agreement  with  the  results  of  the  present  survey.  They  also 
conclude  that  most  of  this  error  is  due  to  the  setting  of  the 
rider. 

Our  figures,  as  well  as  those  of  Corner  and  Hunter,  ob¬ 
viously  upset  any  chemist’s  pious  belief,  that  because  his 
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microchemical  balance  will  respond  to  a  difference  in  weight 
of  1  microgram  it  will  also  reproduce  weight  differences  as 
closely  as  this  on  repeated  trials.  If  we  assume  that  the 
outside  tolerance  or  maximum  error  to  be  expected  is  twice 
the  standard  deviation,  we  find  that  by  and  large  our  analysts 
should  work  on  about  7-mg.  samples  if  they  wish  to  be  reason¬ 
ably  sure  of  their  sample  weights  to  1  part  per  1000,  the 
value  to  be  used  by  any  given  analyst  depending  on  the  re¬ 
producibility  figure  which  he  gets.  The  actual  sample  weight 
for  the  over-all  process  is  also  controlled  by  its  chemical 
factor  and  of  course  by  the  error  that  one  is  willing  to  tolerate 
for  the  whole  analysis.  This  matter  has  been  fully  dis¬ 
cussed  by  Benedetti-Pichler  ( 1 ,  8),  who  gives  figures  for  the 
reproducibility  of  weight  by  some  analytical  balances. 
The  discussion  in  his  book  should  also  be  read  in  this  con¬ 
nection  ( 2 ).  Seeing  that  only  about  one  third  of  the  re¬ 
ported  figures  are  such  as  would  permit  5-mg.  samples  to  be 
weighed  to  within  1  part  in  1000,  it  is  recommended  that  the 
analyst  check  his  balance  by  some  such  reproducibility  test 
as  described  here,  and  be  guided  by  what  he  may  find. 

Conclusion 

While  we  do  not  as  yet  wish  to  go  on  record  as  recom¬ 
mending  a  certain  maximum  reproducibility  as  a  specifica¬ 
tion,  we  feel  that  the  foregoing  figures  warrant  an  expression 
of  surprise  at  the  poor  performance  of  so  many  microchemical 


balances  (including  some  domestic  ones)  and  a  recommenda¬ 
tion  to  the  analyst  to  ascertain  for  himself  just  how  well  his 
own  balance  will  actually  perform. 

The  work  of  the  committee  along  lines  of  performance 
specifications  and  suggestions  for  materials  and  construction 
is  being  continued,  and  the  chairman  would  appreciate 
suggestions  from  those  interested.  We  wish  also  to  express 
our  gratitude  to  all  those  who  have  cooperated  in  making 
these  tests: 
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Cooperators 


Rieman  (Rutgers) 

Kuck  (C.  C.  N.  Y.) 

Nichols  (Cornell) 

Tuemmler  (Shell  Development  Co.) 
Power  (Fordham) 

Alicino  (Fordham) 

Royer  (Calco) 

Shrader  (Dow) 

Van  Etten  (Northern  Regional  Lab.) 
Huffman  (Denver) 


Rodden  (N.  Bur.  Standards) 
Chapman  (Cyanamid) 
Haagen-Smit  (Cal.  Tech.) 
Bushey  (Aluminum  Co.) 
Hallett  (Eastman  Kodak) 
Duncan  (W.  Va.  University) 
Galitzine  (G.  E.,  Pittsfield) 
Clarke  (Wesleyan) 

Signeur  (Canisius) 
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Detection  of  Gold  in  Plating 

MELVIN  LERNER 

New  York  Customs  Laboratory,  Treasury  Department, 
New  York,  N.  Y. 


TESTS  to  detect  gold  in  platings  must  frequently  be  made 
in  U.  S.  Customs  Laboratories,  as  the  Tariff  Act  (S) 
prescribes  different  rates  of  duty  for  plated  and  unplated 
articles.  Various  methods  have  been  proposed  for  the  elec¬ 
trographic  detection  of  gold  without  material  injury  to  the 
surface.  Each  is  limited  in  either  failing  to  reveal  gold  in 
very  thin  “flash”  plates  or  in  not  providing  a  sharp  distinction 
between  gold  and  other  metals. 

Arnold  (I)  uses  a  solution  of  benzidine  in  acetic  acid  for  the 
electrolysis,  but  differentiation  between  gold  and  copper  in  flash 
plates  on  brass  is  extremely  difficult,  as  both  produce  similar 
greenish-blue  colorations.  Calamari,  Hubata,  and  Roth  (2)  use 
a  peroxide  solution  containing  nitrate  ion,  but  their  method,  as 
admitted  by  the  authors,  is  inapplicable  to  thin  gold  plates  on 
copper  or  brass  because  the  characteristic  gold  coloration  is 
masked  by  a  strong  greenish  brown  from  the  copper.  Yagoda 
•  4)  electrolyzes  with  a  1  per  cent  sodium  chloride  solution  and 
follows  with  a  spot  test  using  stannous  chloride,  but  results  are 
negative  with  very  thin  gold  plates. 

For  the  past  6  months,  this  laboratory  has  used  the  follow¬ 
ing  method,  which  yields  a  distinctive  gold  test  even  for  thin 
plates  without  interference  from  other  metals  or  alloys  yet 
encountered. 

Apparatus  and  Test  Solution 

Three  No.  6  dry  cells,  connected  in  series,  are  used  (approxi¬ 
mately  4.5  volts).  A  small  clamp  is  connected  to  the  anode,  a 
piece  of  platinum  wire  (B.  &  S.  gage  18)  to  the  cathode.  The  test 
solution  is  prepared  by  adding  approximately  10  grams  of  stan¬ 
nous  chloride  to  100  ml.  of  dilute  sulfuric  acid  (1  to  9).  Any  pre¬ 
cipitate  formed  on  mixing  can  be  ignored.  A  piece  of  metallic 
tin  should  be  added  to  the  solution  to  prevent  its  oxidation. 


Procedure 

The  anode  clamp  is  attached  to  the  article  to  be  tested  after 
the  removal  of  any  lacquer  present  thereon.  A  piece  of  spot-test 
paper  or  absorbent  filter  paper  moistened  with  a  drop  of  the  test 
solution  is  then  placed  against  the  spot  on  the  metal  surface  to  be 
tested.  The  platinum  cathode  is  used  to  press  the  moist  paper 
against  the  metal  surface  for  a  period  of  about  a  second.  If  any 
doubt  arises  as  to  whether  or  not  a  closed  circuit  has  been  ob¬ 
tained,  a  milliammeter  may  be  inserted  in  the  circuit.  An  intense 
purplish-brown  stain  on  the  side  of  the  paper  in  contact  with  the 
specimen  indicates  the  presence  of  gold. 

If  silver  is  present  in  the  object  under  examination,  the  test 
should  not  be  performed  in  direct  sunlight,  nor  be  exposed  too 
long  to  diffused  light,  as  the  purple  color  of  the  partially  reduced 
silver  chloride  will  develop  in  a  short  time. 

Interferences 

Approximately  forty  common  metals  and  alloys  have  been 
tested  by  the  above  method  and  negative  results  obtained  in 
each  case. 

Nickel,  cadmium,  zinc,  tungsten-nickel-tin  alloy,  brass, 
copper-vanadium  alloy,  titanium,  silver,  phosphor-tin  alloy, 
copper-molybdenum  alloy,  sterling  silver,  tungsten-nickel 
alloy,  copper,  molybdenum,  tungsten,  iron,  carbon  steels, 
stainless  steels,  tungsten-tin-copper  alloy,  chrome-titanium 
alloy,  nickel-silicon  alloy,  platinum,  rhodium,  tin-nickel 
alloy,  lead,  pewter,  tin  solder,  Monel  metal,  bronze,  Ger¬ 
man  silver,  antimonial  lead,  type  metal,  tantalum,  Babbitt 
metal,  aluminum,  bismuth-lead  alloy,  magnesium,  tin,  and 
indium  gave  no  perceptible  colorations. 

Chromium  gave  a  light  yellow  and  cobalt  a  very  fight  pink 
color. 

Note.  While  extensive  tests  have  not  been  made  on  gold 
alloys,  this  method  gives  excellent  results  with  the  usual  10-, 
14-,  and  18-carat  jewelry. 
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A  Vacuum  Sublimation  and  Molecular 
Distillation  Apparatus 

BYRON  RIEGEL,  JOHN  BEISW ANGER,  AND  GEORGE  LANZL,  Northwestern  University,  Evanston,  Ill. 


A  molecular  distillation  and  vacuum  sub¬ 
limation  apparatus,  for  laboratory  use,  con¬ 
sists  of  a  manifold  maintained  at  10-5  mm. 
and  an  auxiliary  degassing  line.  The  mani¬ 
fold  is  equipped  with  twelve  ground-glass 
openings  of  various  sizes  for  use  with  dif¬ 
ferent  types  and  sizes  of  stills.  A  descrip¬ 
tion  of  some  of  the  stills  is  included. 


INVESTIGATIONS  with  compounds  of  high  molecular 
weight,  such  as  steroids  and  carcenogenic  hydrocarbons,  led 
to  the  construction  of  a  molecular  distillation  and  vacuum 
sublimation  apparatus  for  purposes  of  purification  and 
separation.  To  minimize  the  time  necessary  to  accomplish 
these  operations,  an  apparatus  was  desired  which  would 
embody  the  following  features:  (1)  immediate  availability 
of  a  high  vacuum  to  a  number  of  operators ;  (2)  distillation  and 
sublimation  apparatus  useful  for  macro  to  micro  quantities; 
(3)  arrangement  of  the  apparatus  so  that  the  distillations 
or  sublimations  could  be  started  or  stopped  at  will;  (4) 
preservation  of  products  in  case  of  mechanical  failure  of  the 
system;  (5)  continuous  operation  of  the  system  with  a 
minimum  of  attention;  and  (6)  electrically  heated  stills 
that  would  require  little  or  no  attention.  To  fulfill  these 
needs  the  apparatus  shown  in  Figures  1  and  2  was  con¬ 
structed. 

This  apparatus  consists  primarily  of  two  vacuum  lines,  the 
manifold  which  is  maintained  at  a  free  air  pressure  of  10-6  mm. 
(McLeod  gage),  and  the  exhaust  fine  which  is  maintained  at 
10 _3  mm.  The  exhaust  line  serves  not  only  to  complete  the 
degassing  of  the  distilland,  but  also  to  effect  partial  evacuation 
of  the  still  which  then  may  be  connected  to  the  manifold  without 
allowing  an  appreciable  rise  in  pressure.  The  introduction  of  a 
new  distillation  unit  does  not,  therefore,  impair  the  efficiency 
of  the  distillations  already  in  progress.  Twelve  standard-taper 
ground-glass  outlets  are  placed  along  the  manifold  at  intervals 
of  20  cm.  Between  the  manifold  and  each  outlet  are  placed 
wide-bore  stopcocks  (Eck  and  Krebs  No.  5064),  whereas  stop¬ 
cocks  of  narrower  bore  (Eck  and  Krebs  No.  5096)  connect  each 
outlet  with  the  exhaust  fine.  These  are  arranged  as  shown  in 
Figures  3  and  4.  _ 

Stopcocks  of  varying  sizes  are  used.  The  necessity  for  this 
arises  from  the  variation  in  size  of  the  ground-glass  outlets  which, 
in  turn,  is  determined  by  the  design  and  size  of  the  stills  em¬ 
ployed.  The  two  largest  outlets  (size  24/40,  stopcock  10  mm.) 


occupy  the  center  positions  on  the  manifold  and  thus  are  nearest 
the  source  of  vacuum.  The  two  outlets  on  either  side  of  these 
are  somewhat  smaller  (size  19/38,  stopcock  8  mm.),  whereas  the 
smallest  outlets  (size  14/35,  stopcock  6  mm.)  occupy  the  three 
positions  at  each  end  (Figure  2).  The  stopcocks  between  the 
outlet  and  exhaust  are  all  of  the  same  size  (4  mm.).  Each  outlet 
is  provided  with  a  ground-glass  plug  which  serves  to  prevent 
exposure  to  the  atmosphere  and  dust  when  not  in  use. 

For  construction  of  the  manifold,  40-mm.  Pyrex  tubing  is 
employed,  whereas  the  exhaust  line  is  constructed  of  10-mm. 
tubing.  The  assembly  of  the  apparatus  is  facilitated  by  con¬ 
structing  it  in  two  halves,  which  are  connected  after  being 
mounted  on  the  rack.  In  this  way  the  possibility  of  strain  is 
diminished. 

The  low  pressure  in  the  manifold  is  maintained  by  an  all- 
steel  mercury  diffusion  pump  (Cenco  Supervac)  and  a  motor- 
driven  backing  pump  (Cenco  Pressovac).  A  dry  ice  trap  be¬ 
tween  the  pumps  and  the  manifold  prevents  condensable  gases 
from  entering  the  pumps  and  mercury  vapors  from  entering  the 
manifold.  A  stopcock  (Eck  and  Krebs  No.  5044,  15  mm.) 
between  the  mercury  diffusion  pump  and  the  backing  pump 
allows  maintenance  of  the  vacuum,  even  though  the  pumps  are 
stopped.  Para-rubber  tape  (Cenco)  has  proved  effective  for 
metal-to-glass  seals  on  the  pumps  and  stopcock. 

At  one  end  of  the  manifold  is  a  McLeod  gage,  protected  by  a 
dry  ice  trap.  This  gage  has  been  employed  for  convenience,  and 
does  not  represent  the  real  pressure  of  residual  vapors  in  the 
distillation  units.  It  does,  however,  record  air  leakage  accurately 
and  give  a  valuable  indication  of  vacuum-tightness.  The  true 
pressure  of  residual  vapors  could  be  measured  by  the  use  of  a 
Pirani  gage  attached  to  the  still  with  a  suitable  ground-glass 

An  ordinary  rotary  pump  (Cenco  Hyvac)  has  proved  adequate 
for  the  maintenance  of  the  low  pressure  in  the  exhaust  line. 
This  line  is  likewise  provided  with  a  McLeod  gage  for  which 
a  trap  is  unnecessary,  since  the  pressure  reading  is  of  secondary 
importance,  serving  only  to  indicate  when  the  substance  to  be 
distilled  has  been  degassed  and  the  still  evacuated. 

The  rack  upon  which  the  apparatus  is  mounted  is  constructed 
3  75  X  3.75  X  0.3  cm.  (1.5  X  1.5  X  0.125  inch)  channel  non 
welded  at  the  corners.  The  uprights,  upon  which  the  manifold, 
exhaust  line,  heaters,  stills,  McLeod  gages,  and  traps  are  clamped, 
are  1.25-cm.  (0.5-inch)  rods  mounted  20  cm.  apart  and  bolted 
to  the  main  frame.  In  order  that  the  traps  may  be  accessible, 
no  upright  is  placed  in  the  center  (Figures  1  and  2).  The  rack 
is  mounted  28  cm.  from  the  wall  in  order  to  furnish  room  for  a 
shelf  upon  which  the  pumps  are  placed. 

Heaters 

To  provide  a  constant  and  easily  adjustable  source  of  heat, 
without  use  of  an  oil  or  metal  bath,  electrically  heated  air  baths 
were  constructed.  These  consist  primarily  of  an  asbestos- 
covered  can  and  lid  provided  with  a  Nichrome  heating  element 
and  a  supporting  clamp.  The  dimensions  of  each  heater  are 
determined  by  the  size  of  the  still  for  which  it  is  to  be  used.  The 
heating  element  consists  of  Nichrome  resistance  wire  (No.  28), 
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Figure  1.  Molecular  Distillation  and  Vacuum  Sublimation  Apparatus 


one  half  of  which  is  coiled.  A  length  is  chosen  (3  meters)  which 
gives  about  300  watts  at  110  volts.  The  coiled  end  of  the  wire 
is  fastened  at  A  (Figure  5)  and  the  coil  is  distributed  over  the 
bottom  of  the  can.  The  remainder  of  the  wire  is  threaded 
through  a  hole  at  B.  Portion  C  is  insulated  with  asbestos, 
after  which  the  remainder  of  the  wire  is  coiled  around  the  out¬ 
side  of  the  can.  The  outside  coils  are  covered  with  asbestos, 
whereas  the  inner  coils  are  covered  with  a  thin  layer  of  alundum 
cement.  A  porcelain  washer  at  B  serves  to  insulate  the  wire. 
The  terminals  at  A  and  D  consist  of  a  brass  bolt  and  several 
brass  nuts  insulated  with  mica  washers.  Porcelain  insulators 
could  also  have  been  used.  After  the  asbestos  has  dried  it  is 
coated  with  water  glass  to  retard  abrasion. 

The  heater  support  consists  of  two  parts:  a  brass  bracket, 
E,  riveted  to  the  can,  and  a  brass  rod,  F,  wdth  a  vertical  hole 
drilled  so  that  E  fitted  tightly  inside  it.  A  brass  or  iron  rod,  G, 
is  fastened  securely  to  F  with  a  set  screw.  The  heaters  are  sup¬ 
ported  by  clamping  G  to  the  uprights  with  standard  clamp 
holders.  Figure  4  shows  a  still  and  heater  in  operation. 


Temperature  Control  and  Measurement 

The  temperature  adjustment  of  the  distillations  is  accom¬ 
plished  by  the  use  of  autotransformers  (General  Radio  Co., 
Variac,  Type  200-CU).  These,  provided  with  switches  and 
pilot  lights,  are  mounted  on  a  panel  board  placed  near  the  dis¬ 
tillation  apparatus.  A  complete  wiring  diagram  is  shown  in 
Figure  6.  Fuses  (5  amperes)  protect  the  Variacs  from  any 
overload  resulting  from  failure  of  the  heaters.  The  leads  from 
the  panel  board  to  the  heater  outlets  are  placed  in  the  channel 
of  the  bottom  crosspiece  of  the  main  rack.  The  outlets,  which 
are  standard  lamp  type,  are  bolted  to  the  frame,  as  shown  in 
Figure  2.  The  heaters  provided  with  suitable  plug  and  cord  can 
be  used  interchangeably  at  any  of  the  twelve  outlets. 

A  Leeds  &  Northrup  potentiometer  type  temperature  in¬ 
dicator  (No.  8674-BC)  assures  temperature  measurements 
accurate  to  2°  C.  within  a  range  of  0°  to  400°  C.  Each  heater 
cover  is  provided  with  an  opening  into  which  may  be  inserted 
an  iron-constantan  thermocouple  encased  in  a  glass  tube. 
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pumps,  thus  preserving  the  products  being  distilled  and  preventing  the  pumps 
from  suffering  any  damage. 

The  maximum  current  required  for  the  entire  apparatus  is  45  amperes.  To 
prevent  overload  of  the  supply  circuit,  this  total  load  is  divided  between  three 
110-volt  circuits  having  a  maximum  capacity  of  15  amperes  each.  At  a  later 
date  it  is  planned  to  transfer  this  load  to  a  220-volt  three-phase  circuit.  The 
current  for  the  entire  apparatus  passes  through  a  magnetic  switch  (General  Elec¬ 
tric  CR  2811  C21  BB  Catalog  No.  6,938,875  BB2)  which  is  actuated  by  a  push¬ 
button  type  switch  (General  Electric  CR  2943-A200A  start-stop).  A  normally 
closed  relay  (General  Electric  CR  2811-C9A  Catalog  No.  4,980,696  G2)  is  con¬ 
nected  in  series  with  the  holding  current  of  the  magnetic  switch.  When  a 
current  is  allowed  to  pass  through  the  relay  coil,  the  load  circuit  of  the  relay 
and  the  holding  circuit  of  the  magnetic  switch  are  broken;  the  magnetic  switch 
then  drops,  breaking  the  current  to  the  heaters  and  pumps.  The  safety  de¬ 
vices  are  connected  so  that  in  case  of  failure  of  the  system  they  allow  a  cur¬ 
rent  to  flow  in  the  relay  coil. 

The  safety  device  which  operates  in  case  of  vacuum  failure  consists  of  a 
mercury  manometer  with  two  sealed-in  leads.  T  his  is  placed  beside  the  IMcLeod 

gage,  so  that  the  dry  ice  trap  will  prevent 
mercury  vapor  from  entering  the  manifold. 

The  safety  device  which  operates  in  case  of 
failure  of  the  water  through  the  condenser  of 
the  mercury  diffusion  pump  consists  of  a  mer¬ 
cury-filled  flowmeter  type  of  apparatus.  The 
leads  are  arranged  so  that  they  are  not  con¬ 
nected  as  long  as  sufficient  water  flows.  Should 
this  not  be  the  case,  however,  the  two  leads 
are  connected  by  the  mercury,  thus  closing  the 
circuit,  which  again  allows  the  current  to  flow 
through  the  relay  coil.  A  simple  and  con¬ 
venient  device  of  this  type  was  designed  by 
Romeo  W.  Gouley  (3). 

A  switch  is  provided  to  break  the  safety 
circuit  whenever  it  is  desired  to  start  the  sys¬ 
tem.  A  pilot  light  indicates  whether  or  not 
the  safety  devices  are  in  operation.  The  mag¬ 
netic  switch,  the  push-button  switch,  the  re¬ 
lay,  the  safety  switch,  and  pilot  lights 
mounted  on  the  panel  board  (Figure  1). 
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SIDE  VIEW 


Types  of  Stills 


Figure  3.  Arrangement  of  Stopcocks  and  Outlets 


The  temperature  indicator  is  placed  on  the  panel  with  the 
Variacs.  The  thermocouple  leads,  from  the  panel  to  the  heaters, 
are  fastened  along  the  length  of  the 
exhaust  line. 


The  flexibility  of  the  apparatus  allows  the 
use  of  various  types  and  sizes  of  stills  and 
sublimation  apparatus.  Figure  7  shows  an 
improved  type  of  still  which  uses  a  cold- 
finger  condenser  inserted  into  the  distilling  flask  by  means 
of  a  T  joint. 


Safety  Devices 

Since  many  of  the  distilla¬ 
tions  and  sublimations  are  al¬ 
lowed  to  run  a  day  or  more 
without  attention,  it  seemed 
advisable  to  provide  for  the 
preservation  of  the  products  in 
case  of  failure  of  the  system. 
Operation  of  the  system  could 
be  interrupted  in  two  ways: 

(1)  distillation  of  the  mercury 
from  the  diffusion  pump  into 
the  backing  pump  and  into  the 
trap,  owing  to  an  inadequate 
water  supply  in  the  condenser; 

(2)  breaking  of  the  vacuum  by 
mechanical  failure  of  the  back¬ 
ing  pump,  by  development  of 
cracks  in  the  glass  system  or 
by  sudden  leakage  of  one  of  the 
stopcocks. 

The  safety  devices  were  ar¬ 
ranged  so  that  they  would 
interrupt  the  current  to  the 
heaters  and  to  the  vacuum 


Figure  4.  Still  and  Heater  Arranged  for  Operation 
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The  cold  finger  is  provided  with  a  drip  tip  which  allows  the 
distillate  to  drop  into  an  internal  receiver.  Air,  water,  or  steam 
may  be  circulated  through  the  cold  finger,  depending  upon  the 
viscosity  and  stability  of  the  material  being  distilled.  During 
the  process  of  degassing,  the  drip  tip  is  turned  away  from  the 
receiver,  so  that  the  distilland  may  reflux  and  in  this  way  ensure 
complete  removal  of  dissolved  or  occluded  gases,  after  which  the 
condenser  can  be  rotated  so  that  the  drip  tip  is  over  the  receiver 
without  breaking  the  vacuum  or  interrupting  the  heating. 
Thus,  mild  bumping  during  the  degassing  process  causes  no 
trouble.  The  receiving  flasks  are  also  provided  with  joints 
which  allow  ready  interchangeability  if  fractionation  is  desired. 
A  third  f  joint  of  suitable  size  serves  to  connect  the  still  to  the 
evacuating  apparatus.  Stills  with  capacities  varying  between 
1  and  15  ml.  have  been  constructed. 

A  small  modified  retort  (Figure  8,  A)  has  proved  adequate  for 
the  purification  of  small  amounts  of  viscous  material.  This 
still  is  used  together  with  a  Z-tube  (Figure  8,  B).  The  Z-tube 
is  placed  between  the  still  and  the  vacuum  system  and  prevents 
the  escape  of  any  of  the  distillate  which  normally  collects  in 
the  small  bulb  midway  between  the  flask  and  the  joint.  It 
also  allows  the  retort  to  be  adjusted  to  any  desired  angle  from 
the  horizontal.  Removal  of  the  distillate  is  accomplished  by 
inverting  the  distillation  tube  in  a  small  flask  filled  with  a  suit¬ 
able  solvent.  These  are  then  placed  in  a  desiccator  and  partially 
evacuated;  when  the  desiccator  is  opened  the  increase  in  pressure 
forces  the  solvent  to  rise  into  the  bulb  containing  the  distillate. 
This  washing  may  be  repeated  as  often  as  necessary.  A  micro 
filter  bell  may  be  substituted  for  the  vacuum  desiccator. 

A  type  of  still  applicable  for  sublimation  of  small  quantities 
of  material  is  shown  in  Figure  9.  A  small  well  at  the  bottom 
of  the  still  concentrates  the  sublimate  at  the  bottom  of  the 
cold  finger,  preventing  condensation  on  the  outside  walls  of  the 
still  and  on  the  upper  part  of  the  condenser. 

Many  of  the  stills  and  sublimation  apparatus  described 
in  the  literature  ( 1 ,  2,  4)  may  be  adapted  for  use  with  this 
apparatus  when  provided  with  a  T  joint  of  suitable  size. 


INPUT 


Figure  6.  Wiring  Diagram 
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Figure  7.  Improved  Type  of  Molecular  Still 


The  T  joints  on  the  stills  described  in  this  paper  have 
been  attached  so  that  the  distillates  cannot  become  con¬ 
taminated  with  the  lubricant  on  the  joint.  A  heavy  vacuum 
grease  with  a  rubber  base  has  been  used  on  the  ground-glass 
joints  which  become  warm  and  a  lighter  grease  of  the  same 
type  has  been  used  on  the  stopcocks. 


Figure  9.  Sublimation  Apparatus 
Useful  for  Small  Amounts 


Figure  8.  Still  for  Small  Amounts  of 
Viscous  Material  (A)  and  Z-Tube  ( B ) 


The  apparatus  has  been  in  continuous  operation  for  the 
past  year  in  this  laboratory.  During  this  period  a  number 
of  compounds  of  high  molecular  weight,  such  as  cholestenone, 
dehydroandrosterone,  methyl  6-methoxy-6fsnor-f-cholenate, 
3 '-alkyl  substituted  cyclopentenophenanthrenes,  and  /3- 
keto  adipic  ester,  have  been  purified  by  sublimation  and 
distillation.  A  number  of  separations  such  as  vitamin  Kj 
from  alfalfa  leaf  meal  oil  and  testosterone  propionate  from 
sesame  oil,  have  been  made.  The  latter  was  a  commercial 


free  of  contamination.  By  reducing  the  vibration  of  the 
backing  pumps  it  has  been  found  that  the  para-rubber  con¬ 
nections  last  almost  indefinitely.  The  frequent  and  success¬ 
ful  use  of  this  apparatus  by  a  number  of  operators  has  justified 
the  effort  and  expense  of  construction. 
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preparation  from  which  92  per  cent  of  the  desired  compound 
was  obtained  in  a  perfectly  pure  state.  During  this  period 
it  has  been  found  advantageous  to  clean  the  traps  and  re¬ 
grease  the  stopcocks  approximately  every  2  months.  The 
mercury  in  the  condensation  pumps  becomes  only  slightly 
fouled.  The  lines,  however,  have  remained  completely 
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Menthol  in  Peppermint  Oil 
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SINCE  the  importation  of  menthol  from  the  Far  East  has 
been  cut  off  by  the  war,  it  has  become  necessary  to  turn 
to  American  peppermint  oil  as  a  source.  Formerly  American 
oil  was  used  only  as  a  flavoring  agent  and  in  medicine,  and 
so  was  bought  on  the  basis  of  odor,  taste,  and  appearance. 
Now,  however,  if  it  is  to  be  processed  for  menthol  its  purchase 
price  should  depend  on  menthol  content  and  there  should 
be  a  rapid  and  reasonably  accurate  method  for  menthol 
assay.  Since  the  United  States  Pharmacopoeia  method 
(5)  requires  rather  more  equipment  and  time  than  are  usually 
at  the  disposal  of  the  buyer,  a  short  viscometric  method 
which  is  applicable  to  fresh  or  well-preserved  oils  has  been 
developed.  Dowzard  (3)  suggested  viscosity  measurements 
as  a  means  of  testing  the  identity  and  purity  of  volatile  oils, 
but  did  not  use  it  as  a  means  of  determining  menthol  in 
peppermint  oils. 

Peppermint  oil  is  composed  principally  of  menthol,  menthyl 
esters,  menthone,  and  hydrocarbons,  all  of  which  have  ap¬ 
proximately  the  same  molecular  weight  and  which,  if  only 
molecular  weight  were  considered,  might  be  expected  to  have 
about  the  same  effect  on  the  viscosity  of  the  oil.  However, 
since  menthol  is  an  alcohol,  its  hydroxyl  group  gives  it  an 
exalted  viscosity,  and  consequently  this  property  of  the  oil 
should  depend  to  a  great  extent  upon  the  amount  of  menthol 
present. 


Table  I.  Comparison  of  Viscosities  of  the  Principal 
Constituents  of  Peppermint  Oil 

Seconds 

Menthol  1077.2 

Menthone  151.8 

Menthyl  acetate  210.4 


Experimental 

When  menthol,  menthone,  and  menthyl  acetate  were 
allowed  to  drain  from  an  Ostwald  pipet  at  50°  C.,  the  results 
shown  in  Table  I  were  obtained.  A  sample  of  3  ml.  was  used 
for  each  determination. 

llius  it  appeared  that  the  concentration  of  free  menthol 
might  govern  the  viscosity  of  peppermint  oils,  especially 
since  this  compound,  together  with  menthone  and  menthyl 
esters,  constitutes  by  far  the  greater  part  of  the  whole  oil. 
This  was  tested  with  oils  whose  compositions  were  adjusted 
by  additions  of  the  pure  substances.  The  results,  all  at 
30°  C.,  are  given  in  Table  II. 

It  will  be  noted  from  Table  II  that  oils  A,  B,  and  E  had 
approximately  the  same  composition  and  did  not  differ 
markedly  in  viscosity  as  evidenced  by  time  of  drainage  of  the 
pipet.  Since  the  densities  of  peppermint  oils  vary  but  little, 
viscosities  were  considered  as  proportional  to  times  of  drain¬ 
age.  The  viscosity  of  oil  H  was  much  lower  than  that  of  oils 
A,  B,  and  E,  though  this  oil  differed  from  them  substantially 
only  in  its  free  menthol  content.  Thus  the  profound  effect 
of  a  small  amount  of  free  menthol  on  the  total  viscosity  was 
demonstrated. 


Oils  B,  C,  and  D  illustrate  the  influence  of  varying  amounts 
of  menthone.  Substantial  changes  in  the  concentration  of 
this  constituent  influenced  the  viscosity  only  slightly.  Since 
the  variation  in  menthone  content  of  the  whole  natural  oils 
is  well  within  the  range  represented  in  these  data,  the 
menthone  effect  can  be  neglected. 

Oils  E,  F,  and  G  show  the  effect  of  different  ester  contents. 
The  results  indicated  that  esters  have  a  slightly  greater 
effect  on  the  viscosity  than  does  menthone.  However,  these 
oils  cover  a  range  of  ester  concentration  much  greater  than 
that  found  in  natural  oils.  Therefore,  the  slight  effect  on  the 
viscosity  caused  by  the  relatively  small  variation  in  ester 
content  in  natural  oils  may  be  ignored. 

In  order  to  calibrate  the  pipet  and  establish  a  basic  ref¬ 
erence  curve  for  analytical  purposes,  a  sample  of  peppermint 


Table  II.  Effect  of  Composition  of  Oil  on  Viscosity 

- - Composition  of  Oil - — >  Time  of 

Free  Drainage 


Oil 

menthol 

Esters 

Menthone 

at  30°  C 

% 

% 

% 

Sec. 

A 

46.55 

4.95 

32.00 

469.2 

B 

46.30 

4.97 

32.12 

451.6 

C 

46.70 

4.98 

24.60 

467.6 

D 

46.35 

4.95 

45.50 

496.4 

E 

46.06 

5.00 

30.30 

460.2 

F 

46.15 

9.22 

30.30 

483.4 

G 

46.00 

16.22 

30.30 

491.0 

H 

42.29 

4.77 

32.92 

417.2 

Figure  1 
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Table  III.  Analysis  of  Peppermint  Oils  by  Viscometric 

Method 

Viscometric  Method  Difference 


Un¬ 

Chemical 

between  Vis¬ 

Viscosity 

corrected, 

Tur¬ 

Corrected, 

Method, 

cometric  and 

Oil 

Time 

free 

bidity 

free 

Free 

Chemical 

No. 

at  30°  C. 

menthol 

index 

menthol 

Menthol 

Methods 

Sec. 

% 

% 

% 

% 

1 

561.6 

57.0 

C 

51.7 

49.7 

+  2.0 

2 

394.4 

44.5 

A 

41.2 

41.1 

+0.1 

3 

444.2 

49.2 

A 

45.9 

46.2 

-0.3 

4 

464.0 

50.8 

C 

45.5 

47.9 

-2.4 

5 

578.4 

58.0 

A 

54.7 

55.5 

-0.8 

6 

483.6 

52.4 

C 

47.1 

47.0 

+  0.1 

7 

583.2 

58.3 

C 

53.0 

53.1 

-0.1 

8 

391.0 

44.2 

A 

40.9 

40.2 

+0.7 

9 

505.4 

53.5 

A 

50.2 

50.3 

-0.1 

10 

564.6 

57.2 

C 

51.9 

50.3 

+  1.6 

11 

468.0 

51.1 

A 

47.8 

47.3 

+0.5 

12 

437.6 

48.7 

A 

45.4 

45.6 

-0.2 

13 

471.8 

51.5 

C 

46.2 

44.3 

+  1.9 

14 

476.6 

51.8 

A 

48.5 

46.7 

+  1.8 

15 

563.0 

57.2 

A 

53.9 

55.0 

-1.1 

16 

631.0 

60.5 

A 

57.2 

59.0 

-1.8 

17 

701.0 

63.5 

A 

60.2 

59.5 

+  0.7 

18 

681.0 

62.5 

A 

59.2 

60.8 

-1.6 

19 

385.2 

43.7 

C 

38.4 

36.9 

+  1.5 

20 

458.4 

50.4 

A 

47.1 

46.9 

+  0.2 

21 

451.0 

49.7 

A 

46.4 

46.1 

+0.3 

22 

532.6 

55.1 

A 

51.8 

52.6 

-0.8 

23 

425.8 

47.7 

A 

44.4 

44.7 

-0.3 

24 

477.4 

51.8 

A 

48.5 

50.8 

-2.3 

25 

426.6 

47.6 

A 

44.3 

45.6 

-1.3 

26 

385.6 

43.7 

A 

40.4 

41.8 

-1.4 

27 

379.4 

43.4 

A 

40.1 

41.2 

-1.1 

28 

434.8 

48.4 

C 

43.1 

43.0 

+0.1 

29 

489.6 

52.8 

A 

49.5 

51.4 

-1.9 

30 

495.0 

53.2 

A 

49.9 

49.5 

+  0.4 

31 

566.2 

57.3 

A 

54.0 

54.0 

0.0 

oil  was  distilled  with  steam.  The  first  quarter  of  the  dis¬ 
tillate,  which  was  low  in  free  menthol  (27.9  per  cent),  was 
adjusted  by  adding  different  amounts  of  pure  1-menthol  to 
give  a  series  of  mixtures  covering  a  wide  range  in  concen¬ 
tration  of  this  constituent.  The  viscosity  of  each  oil,  ex¬ 
pressed  in  seconds,  was  measured  at  20°,  25°,  and  30°  C.  in 
the  same  Ostwald  pipet  used  in  the  above  experiments. 

When  percentage  of  free  menthol  was  plotted  against  vis¬ 
cosity  in  seconds,  the  regular  curves  shown  in  Figure  1  were 
obtained.  However,  when  natural  oils  of  known  free  menthol 
content  were  allowed  to  drain  from  the  pipet  at  one  of  the 
temperatures  used  in  the  calibration  and  the  time  applied  to 
the  appropriate  curve,  it  was  found  that  the  corresponding 
free  menthol  percentage  obtained  was  somewhat  higher  than 
the  chemical  value  (Table  III).  Thus  it  appeared  that 
natural  oils  contained  a  varying  amount  of  some  substance 
other  than  menthol  which  affected  the  viscosity  substantially. 
Determination  of  resins  showed  that  these  substances  ac¬ 
counted  only  in  part  for  the  discrepancy. 

The  interfering  substance  was  correlated  with  the  insolu¬ 
bility  of  the  oil  in  a  mixture  of  equal  parts  by  volume  of 
methanol  and  70  per  cent  ethanol.  The  various  degrees  of 
turbidity  produced  when  the  oil  was  mixed  with  four  volumes 
of  the  solvent  mixture  are  very  easily  distinguished.  They 
were  designated  by  letters  and  to  each  letter  was  assigned  a 
numerical  correction  factor  as  follows: 


Turbidity  Designation  Correction  Factor 

A  Clear  to  opalescent  3.3 

B  Cloudy  4.5 

C  Very  cloudy  to  partly  insoluble  5 . 3 


The  following  formula  indicates  the  use  of  these  factors: 

Apparent  %  free  menthol  from  curve  — 

turbidity  correction  factor  =  true  %  free  menthol 

The  menthol  contents  of  a  number  of  natural  peppermint 
oils  wTere  determined  by  both  the  viscometric  and  chemical 
methods  (Table  III).  These  oils  were  from  the  1941  crop 
but  were  stored  in  4-ounce  tins  sealed  at  the  still.  The 
absence  of  color  in  these  oils  indicated  that  they  were  in 


excellent  condition.  The  samples  were  measured  directly 
from  the  tins  into  the  Ostwald  pipet  without  preliminary 
treatment  of  any  kind. 

The  results  of  the  analysis  of  31  different  oils  show  reason¬ 
ably  good  agreement  between  the  chemical  and  viscometric 
methods.  The  greatest  difference  is  2.4  per  cent  free  menthol 
in  the  case  of  oil  4.  However,  most  of  the  values  are  in  much 
closer  agreement  and  the  accuracy  of  the  viscometric  method 
is  sufficient  to  give  it  wide  practical  application. 

Discussion 

The  viscometric  method  for  the  ‘  determination  of  free 
menthol  in  peppermint  oils  was  developed  primarily  for  use 
in  the  field.  The  equipment  required  is  simple  and  in¬ 
expensive  and  can  be  used  under  conditions  in  which  the 
chemical  method  is  impracticable.  The  use  of  this 
method  will  effect  a  great  saving  in  time,  since  a  determi¬ 
nation  of  free  menthol  can  be  made  in  less  than  20  minutes. 
The  technique  is  easily  acquired  and  a  knowledge  of  chemis¬ 
try  on  the  part  of  the  operator  is  not  necessary.  The  ac¬ 
curacy  of  the  method  is  sufficient  for  field  purposes  and  for 
many  applications  in  the  laboratory  where  extreme  accuracy 
is  not  essential.  A  further  advantage  of  the  viscometric 
method  is  that  a  free  menthol  determination  can  be  made 
on  very  small  samples  (2  to  3  ml.)  of  oil.  The  sample  can 
be  recovered  for  other  determinations. 

This  method  should  facilitate  work  in  the  breeding  of 
mints  for  high  menthol  content,  since  the  breeder  will  be  able 
to  make  his  own  analyses.  Since  only  small  samples  are 
required,  the  use  of  the  viscometric  method  will  materially 
lessen  the  number  of  plants  to  be  grown  before  selections  are 
made.  The  rapidity  with  which  results  can  be  obtained  by 
the  viscometric  method  should  facilitate  the  marketing  of 
peppermint  oils  on  the  basis  of  their  free  menthol  content. 

The  menthol  content  of  the  oil  furnishes  valuable  informa¬ 
tion  concerning  the  proper  time  to  harvest  mint  for  maximum 
menthol  yield  U)-  In  the  past  it  has  not  been  possible  to 
analyze  sufficient  samples  so  that  all  growers  could  have  the 
benefit  of  this  information.  The  viscometric  method,  which 
is  both  rapid  and  simple,  should  be  of  great  help  in  solving 
this  problem. 

The  application  of  the  viscometric  method  is  limited  to 
fresh  or  well-preserved  natural  oils  of  normal  composition. 
It  is  not  applicable  to  oils  of  high  resin  content  because  the 
resins  greatly  increase  the  viscosity  of  the  oil.  However, 
the  chemical  method  also  gives  unreliable  results  when  pre¬ 
formed  resin  content  is  high  (4)  as  well  as  when  heating 
during  saponification  causes  resinification  to  take  place 
(1,  2).  The  viscometric  method  can  be  used  only  to  deter¬ 
mine  free  menthol.  In  order  to  obtain  total  menthol,  it  is 
necessary  to  use  the  chemical  method  for  the  determination 
of  the  ester  value,  but,  in  many  cases,  a  determination  of  free 
menthol  gives  all  the  information  desired. 
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Thixotropic  Behavior  of  Oils 

RUTH  N.  WE  L  I  MA NN 
Interchemical  Corporation,  New  York,  N.  Y. 


Various  types  of  oils  in  the  viscosity  range 
of  1  to  800  poises  were  measured  on  a  rota¬ 
tional  viscometer  capable  of  imparting 
shearing  stresses  over  a  wide  range.  From 
these  oils,  flow  curves  were  obtained  ex¬ 
tending  from  low  to  high  rates  of  shear. 
All  these  oils  showed  a  definite  thixotropic 
behavior  and  exhibited  all  the  characteris¬ 
tics  of  thixotropic  plastics  above  a  certain 


rate  of  shear  designated  as  “the  limiting 
rate  of  shear”.  Below  this  critical  point 
the  oils  behaved  like  true  Newtonian 
liquids,  showing  no  signs  of  thixotropic 
structure.  The  limiting  rates  of  shear 
were  found  to  be  related  to  the  measured 
true  Newtonian  viscosities  of  the  oils.  The 
product  of  limiting  rate  of  shear  and  vis¬ 
cosity  was  a  constant  for  all  the  oils  tested. 


OILS  have  been  generally  assumed  to  be  true  Newtonian 
liquids,  even  to  the  extent  that  industrial  laboratories  are 
satisfied  to  determine  the  viscosity  of  an  oil  by  a  one-point 
measurement.  It  has  been  suggested  by  some  workers  in  the 
field  that  certain  oils  exhibit  a  pseudoplastic  characteristic. 

Extensive  studies  in  this  laboratory  have  shown  that 
the  many  different  oils  investi¬ 
gated  are  not  pseudoplastics 
but  are  true  Newtonian  liquids 
for  a  limited  range  of  rate  of 
shear  and  behave,  beyond  the 
limited  range,  at  least  for  the 
heavier  oils,  like  thixotropic 
plastics. 

In  the  literature  ( 2 ,  9)  thixot¬ 
ropy  is  defined  as  an  isothermal 
gel-sol-gel  transformation.  Thixo¬ 
tropic  behavior  does  not  require  a 
complete  transformation;  it  is  con¬ 
sidered  a  sufficient  condition  for 
the  presence  of  thixotropy  that  a 
material  changes  its  plastic  viscosity 
from  a  higher  to  a  lower  value  as  a 
result  of  mechanical  agitation  and 
regains  its  original  high  viscosity 
upon  rest.  However,  the  thixo¬ 
tropic  characteristic  of  a  material 
is  also  a  function  of  time,  which 
means  that  the  viscosity  of  the 
thixotropic  material  depends  not 
only  on  previous  mechanical  agita¬ 
tion  but  also  on  the  time  period  dur¬ 
ing  which  the  material  has  been 
subjected  to  such  mechanical  agita¬ 
tion. 

Thixotropy  is  found  in  paints  (<§, 

10,11),  where  it  often  proves  to  be 
useful,  in  bentonite  suspensions  (7), 
in  gelatin  sols  (8),  in  iron  oxide 
sols  (18),  and  in  printing  inks  (S). 

Little  or  no  reference  has  been  made 
to  the  thixotropy  of  oils.  This 
thixotropic  characteristic  of  oils 
probably  has  not  been  recog¬ 
nized  because  most  instruments 
used  for  viscosity  measurements 
have  not  permitted  the  applica¬ 


tion  of  sufficiently  high  rates  of  shear,  or  only  one-point  vis¬ 
cosity  determinations  have  usually  been  performed,  and 
these  are  insufficient  to  show  thixotropy.  The  rotational 
viscometer  developed  in  this  laboratory,  described  by  Green 
(8),  was  well  suited  for  studying  the  thixotropic  behavior 
of  oils. 

Instrument 

The  viscometer  has  played  an 
important  part  in  obtaining  the  re¬ 
sults  reported  below.  It  is  built  on 
the  rotational  principle,  where  the 
cup  is  rotated  at  various  speeds  and 
the  bob  is  stationary,  being  suspended 
from  a  helical  spring.  The  torsional 
modulus  of  this  spring  is  calibrated 
by  weights.  V arious  springs  are  used 
to  cover  a  wider  range  of  viscosity 
measurements.  The  dimensions  of 
the  cup  and  the  bob  have  been 
chosen  to  minimize  the  effect  of  plug 
flow  and  turbulence.  A  lid  on  the 
cup  prevents  the  oils  from  climbing 
up  the  shaft  of  the  bob  and  from 
being  thrown  out  of  the  cup  at  higher 
rates  of  shear.  No  “channeling” 
could  be  evidenced,  provided  the 
bob  was  perfectly  in  center  with  the 
cup.  The  end  effect  introduced  by 
the  bottom  of  the  bob  is  about  2 
per  cent  of  the  whole  shearing  effect 
and  therefore  can  be  disregarded  in 
calculating  viscosities  and  yield  values. 
A  constant  temperature  bath  keeps 
the  temperature  of  the  material  to 
be  investigated  within  ±0.2°  C. 

Flow  Curves 

The  viscosities  and  the  yield 
values  of  the  different  materials 
are  obtained  from  flow  curves, 
found  by  plotting  the  number  of 
revolutions  per  minute  as  a  function 
of  the  resulting  torque.  In  the 
process  of  getting  such  flow  curves, 
the  speed  of  the  cup  is  changed 
and  the  corresponding  deflection 
of  the  bob,  a  measure  of  the 
torque,  is  marked  down.  It  is 
understood  that  the  amount  of  de- 
flection  depends  upon 
the  angular  velocity  of  the  cup. 
Since  the  angular  velocities  or 


TORQUE 

Figure  1.  Flow  Curves 

Upper.  A.  Nonthixotropic  true  Newtonian 
liquid 

B.  Thixotropic  true  Newtonian 
Center.  A.  Nonthixotropic  plastic 
B.  Thixotropic  plastic 
Lower.  A.  Nonthixotropic  pseudoplastic 
B.  Thixotropic  pseudoplastic 
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the  revolutions  per  minute  are  proportional  to  the  rate 
of  shear  or  to  the  velocity  gradient,  in  the  flow  curve  diagram, 
the  revolutions  per  minute  of  the  ordinate  may  be  replaced 
by  a  rate  of  shear  ordinate.  The  relationship  between  the 
revolutions  per  minute  (r.  p.  m.)  and  velocity  gradient  or 
rate  of  shear  ( dv/dr )  in  sec.-1  for  a  rotational  instrument  is 

1  r.  p.  m.  =  60  r2hSdv/dr  (1) 

where  r  is  any  radius  between  the  cup  and  the  bob,  h  is  the 
immersed  height  of  the  bob,  and  S  is  an  instrumental  constant 
equal  to 

(1/22’  -  1  /RD/±*h 

where  Rc  is  the  radius  of  the  cup  and  Rb  is  the  radius  of  the  bob. 


Figure  2.  Schematic  Curve  Show¬ 
ing  Change  in  Plastic  Viscosity 
with  Top  R.  P.  M.  for  Thixotropic 
Plastic 


The  mean  rate  of  shear  can  be  calculated  for  a  given  r.  p.  m. 
by  substituting  a  mean  radius  in  Equation  1.  Then  the 
equation  for  the  mean  rate  of  shear  expressed  in  reciprocal 
seconds  is 

dv/dr  =  4  r.  p.  m./60  hS  ( Rc  +  f?&)2  (2) 

Though  the  measurements  were  made  with  cups  and  bobs 
of  various  sizes,  the  reported  revolutions  per  minute  were 
recalculated  for  a  cup  of  1.5-cm.  radius  and  a  bob  of  1.3-cm. 
radius  and  5.1-cm.  immersed  height.  Then,  the  relationship 
between  the  revolutions  per  minute  and  the  mean  velocity 
gradient  or  the  mean  rate  of  shear  (dv/dr)  in  sec.-1  is 

1  r.  p.  m.  =  1.36  (dv/dr)  (3) 

The  torque,  also  called  the  shearing  stress,  may  be  ex¬ 
pressed  in  dynes-centimeter,  a  value  which  can  be  obtained 
by  multiplying  the  deflection  by  the  torsional  constant  of 
the  helical  spring. 

Flow  curves  are  obtained  by  increasing  the  rates  of  shear 
to  any  desired  maximum  value  and  then  decreasing  them 
until  the  starting  value  is  reached.  Following  this  pro¬ 
cedure  hysteresis  loops  (3,  6,  8,  10)  are  obtained  for  thixo¬ 
tropic  materials,  while  in  nonthixotropic  materials  the  up-  and 
downcurves  coincide.  In  Figure  1  six  typical  flow  curves 
are  shown.  A  (upper)  is  representative  of  a  nonthixotropic 
true  Newtonian  liquid;  the  up-  and  downcurves  coincide 
and  form  a  straight  line  passing  through  the  point  of  origin. 
B  (upper)  is  representative  of  a  thixotropic  liquid;  its  upcurve 
has  a  continuous  curvature,  while  its  downcurve  is  again  a 
straight  line  passing  through  the  point  of  origin.  A  and  B 
(center)  are  comparable  to  A  and  B  (upper),  but  are  obtained 
from  true  plastic  materials  and  are  representative  of  such 
substances.  The  downcurve  of  a  true  plastic  material  has  a 
large  linear  portion,  but  at  lower  rates  of  shear  shows  a  de¬ 


velopment  of  some  curvature,  explained  (1,  12)  as  caused 

by  plug  flow.  Experimental  data  have  been  given  by  Green 
(3).  However,  the  curvature  in  most  cases  where  pigment 
suspensions  and  oils  were  investigated  shows  a  greater  ex¬ 
tension  than  would  be  expected  from  plug  flow.  This  ex¬ 
tended  curvature  at  lower  rates  of  shear  is  believed  to  be 
caused  mostly  by  thixotropy.  The  plastic  viscosities  and 
the  yield  values  relating  to  the  straight  portion  of  the  down- 
curve  may  be  obtained  from  Reiner’s  equation  as  follows: 


U) 


f  =  T2c'  (5) 

where  U  is  the  plastic  viscosity  in  poises  and  T  is  the  torsion  in 
dynes-centimeter.  T2  is  the  torsion  corresponding  to  the  inter¬ 
cept  which  is  obtained  by  extending  the  straight  portion  of  the 
flow  curve  to  the  torsion  axis,  to  is  the  angular  velocity,  /  is  the 
yield  value  in  dynes  per  square  centimeter,  and  C  is  an  instru¬ 
mental  constant  equal  to  S/ln(22c/22i,). 

A  (Figure  1,  center)  represents  a  flow  curve  obtained  from 
a  nonthixotropic  true  plastic,  and  it  is  characterized  by  the 
fact  that  the  up-  and  downcurves  coincide.  The  criterion 
of  any  plastic  is  the  presence  of  an  intercept  of  the  downcurve 
with  the  torsion  axis,  indicating  the  existence  of  yield,  value. 
B  (center)  is  a  flow  curve  obtained  from  a  thixotropic  true 
plastic,  where  the  upcurve  has  a  curvature  throughout  all 
rates  of  shear  and  does  not  coincide  with  the  downcurve. 

Finally  (Figure  1,  lower)  two  flow  curves  are  shown,  ob¬ 
tained  from  pseudoplastic  materials.  A  represents  a  non¬ 
thixotropic  and  B  a  thixotropic  material.  Such  pseudo¬ 
plastic  flow  curves  are  characterized  by  the  fact  that  even 
their  downcurves  have  a  curvature  throughout  all  speeds. 

Thixotropy  of  Oils 

Any  thixotropic  plastic  will  show  a  viscosity  which  depends 
upon  the  highest  rate  of  shear  to  which  the  material  has  been 
subjected  before  starting  on  the  downcurve.  These  down- 
curves  are  always  found  to  be  straight  lines,  thus  indicating 
a  stable  condition.  This  stable  condition  has  been  termed 
thixotropic  level  by  Green  (3)  and  can  be  identified  by  its 
top  rate  of  shear  or  top  r.  p.  m. 


Figure  3.  Flow  Curves 

Hysteresis  loops  obtained  for  thixo¬ 
tropic  plastic  measured  to  top  r.  p.  m. 
of  (A)  100,  (B)  200 

The  correlation  found  between  the  plastic  viscosity  and 
the  respective  top  rate  of  shear  or  top  r.  p.  m.  is  shown  in 
Figure  2,  drawn  schematically  according  to  an  equation  given 
in  another  paper  (5) : 

U  =  In  (K/t.  p.  m .2)/m  (6) 

where  2/m,  also  designated  as  M,  is  the  coefficient  of  thixo¬ 
tropic  breakdown  and  is  defined  as  the  loss  in  shearing  force 
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Table  I.  Limiting  Rates  of  Shear  for  Oils  of  Varying  Viscosity 

(Figure  4) 

(Temperature  constant,  30°  C.) 

Limiting 

Viscosity  X 

Viscosity 

Revolutions 

Limiting 

1/Limiting 

Limiting 

(True 

per  Minute 

Rates  of 

Rates  of 

Rates  of 

Oils 

Newtonian) 

(SPAO 

Shear 

Shear 

Shear 

Poises 

Sec. -1 

Sec. 

Dynes/sq.  cm. 

Mineral  oil° 

780 

12 

9.0 

0.113 

6900 

Isobutylene  oil 

770 

12 

9.0 

0.113 

6800 

Linseed  oil  (low  acid) 

380 

25 

18.4 

0.054 

7000 

Linseed  oil 

250 

38 

28.0 

0.036 

7000 

Isobutylene  oil 

180 

52 

38.3 

0.026 

6800 

Linseed  oil 

125 

75 

55.5 

0.018 

6800 

Linseed  oil 

115 

81 

59.8 

0.017 

6800 

Esso  lubricant  3000 

103 

95 

70.0 

0.014 

7200 

Mineral  oil  and  gum 

varnish 

72 

135 

100 

0.010 

7100 

Linseed  oil 

48 

205 

151 

0.007 

7200 

Mineral  oil 

31 

310 

228 

0.004 

7100 

Mineral  oil 

30 

315 

231 

0.004 

6900 

Isobutylene  oil 

23 

405 

298 

0.003 

6800 

Mineral  oil 

21 

455 

335 

0.003 

7000 

Mineral  oila 

20 

490 

360 

0.003 

7200 

Mineral  oil 

19 

500 

370 

0.003 

7000 

Linseed  oil 

16 

580 

430 

0.002 

6800 

Linseed  oil  & 

10 

725 

532 

Castor  oil* 

4 

1450 

1070 

Mineral  oil& 

3 

1450 

1070 

Isobutylene  oil*> 

1 

1450 

1070 

Mineral  oil  (medical)  & 

1 

1450 

1070 

°  Standard  viscosity  oils  supplied  by  National  Bureau  of  Standards  as  refined  mineral  oil. 

6  Since,  owing  to  instrument  limitations,  limiting  rates  of  shear  could  not  be  reached, 

maximum  RPM  and  rates  of  shear 

to  which  oils 

could  be 

measured  are 

tabulated.  At 

these  rates  of  shear,  below  limiting  rates  of  shear,  oils  still  behave  like  true  Newtonian 

liquids. 

investigated  in  this  laboratory  is  their  ap¬ 
parent  normal  behavior  (true  Newtonian)  up 
to  a  certain  rate  of  shear.  Only  above  this 
rate  of  shear,  which  will  be  called  the  “limit¬ 
ing  rate  of  shear”,  does  the  thixotropic  be¬ 
havior  of  oils  become  apparent.  This  limiting 
rate  of  shear  is  not  a  fixed  value  but  de¬ 
pends  essentially  upon  the  viscosity  of  the  oil 
measured  in  its  true  Newtonian  region.  These 
limiting  rates  of  shear,  even  for  highly  viscous 
oils,  are  so  high  that  most  standard  methods 
of  measuring  viscosities  of  oils  did  not  permit 
using  sufficiently  high  rates  of  shear  to  detect 
thixotropy.  These  limiting  rates  of  shear  are 
not  very  sharply  defined,  but  approximate 
values  are  given  in  Table  I  for  various 
oils.  Figure  4  shows  the  reciprocal  of  the 
limiting  rates  of  shear  plotted  as  a  function 
of  their  true  Newtonian  viscosities.  This  rela¬ 
tionship  is  linear,  indicated  by  the  straight 
line. 

This  indicates  that  only  at  extremely  large 
finite  values  of  the  viscosity  will  the  limiting 
rate  of  shear  approach  zero.  On  the  other 
hand,  oils  of  extremely  low  viscosity,  below  1 
poise,  may  have  a  very  high  value  of  limiting 
rate  of  shear — indeed,  a  value  so  high  that  it 


Figure  4.  Change  of  Reciprocals  of  Limiting 
Rate  of  Shear  with  True  Newtonian  Viscosities 
of  Oils 


per  unit  area  per  unit  increase  in  velocity  gradient,  and  K  is 
an  integration  constant  and  is  constant  for  each  material. 

When  flow  properties  of  thixotropic  materials  are  in¬ 
vestigated,  a  relationship  is  found  between  the  intercept  on 
the  torque  axis  and  the  respective  top  rate  of  shear.  In  most 
cases  the  intercept  increases  with  an  increase  in  top  rate  of 
shear  or  top  r.  p.  m.,  which  is  shown  in  Figure  3  schematically. 
This  subject  will  be  treated  in  more  detail  by  H.  Green  and 
the  author  in  a  subsequent  paper. 

The  flow  curves  obtained  from  the  oils  seem  to  be  a  com¬ 
bination  between  A  (Figure  1,  upper)  and  B  (Figure  1,  center). 
The  outstanding  fact  concerning  the  oils  which  have  been 


may  approach  infinity.  Though  it  has  not 
been  possible  to  determine  the  limiting  rate  of  shear  value 
for  oils  of  low  Newtonian  viscosities  because  of  limitations 
imposed  by  the  viscometer,  it  may  very  well  be  that  all 
oils  are  thixotropic. 

The  force  (torque)  acting  between  two  adjacent  layers  of 
the  oil  is  equal  to  the  product  of  viscosity  and  rate  of  shear. 
This  product  for  the  limiting  rate  of  shear  was  found  to  be 
approximately  constant  for  all  oils  (Table  I)  if  the  measure¬ 
ments  were  performed  by  increasing  the  rates  of  shear  (or 
r.  p.  m.)  very  fast  and  by  immediately  decreasing  them  without 
waiting  at  the  top  r.  p.  m.  The  shearing  force  acting  between 


Figure  5.  Experimental  Curve  Showing 
Change  of  Plastic  Viscosity  with  Change  in 
Top  R.  P.  M. 
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Table  II.  Viscosities  of  Heavy  Mineral  Oil 


Top  Rates 
of  Shear 
Sec.-' 


Top  R.  P.  M. 


Plastic 

Viscosity 

Poises 


Torque 
Intercept 
Dynes  cm. 


A. 


Plastic  viscosities  and  intercepts  at  various  thixotropic  levels.  Tem¬ 
perature  constant,  30°  C. 


83 

112 

150 

205 

222 

302 

290 

393 

365 

495 

440 

595 

515 

700 

665 

1.0 

538 

6.7 

402 

14.5 

316 

20.5 

250 

24.0 

197 

28.0 

150 

31.0 

B  True  Newtonian  viscosities  at  various  temperatures.  Top  r.  p.  m.  below 

"limiting  RPM” 


Temperature 

True  Newtonian 
Viscosity 

0  C. 

Poises 

25 

1130 

30 

780 

40 

290 

50 

130 

60 

60 

80 

15 

90 

10 

„  ,  ..  ,  ,  ,  ,  ,  ,,  Figure  6.  Experimental  Curve  Show- 

two  adjacent  layers  of  the  oil  calculated  from  the  average  ING  Change  of  Intercept  with  Change 

value  of  the  product  of  viscosity  and  limiting  rate  of  shear  nr  Top  R.  P.  M. 


was  found  to  be  about  7000  dynes  per 
square  centimeter.  This  minimum  shear¬ 
ing  force  of  7000  dynes  per  square 
centimeter  may  be  required  to  overcome 
an  energy  barrier  before  the  alignment 
of  the  micelles  in  the  direction  of  rate  of 
shear  can  start. 

Little  has  yet  been  said  about  the  flow 
curves  of  oils  above  the  limiting  rates  of 
shear.  In  this  region  these  flow  curves 
are  very  much  like  flow  curves  obtained 
from  true  plastic  materials;  in  fact,  an 
intercept  can  be  found  for  the  down- 
curves  of  the  hysteresis  loops  of  oils. 
These  downcurves  contain  fairly  large 
straight-line  portions  very  similar  to  the 
straight-line  portions  of  downcurves  of  true 
plastics. 

Measurements  furthermore  indicate  that 
thixotropic  levels  exist  which  control  the 
plastic  viscosity  of  the  oil  as  a  function 
oi  the  top  rate  of  shear  or  top  r.  p.  m. 
Figure  5  and  Table  II,  A,  show  the  rela¬ 
tionship  of  the  plastic  viscosity  of  a  typi¬ 
cal  oil  to  the  respective  top  r.  p.  m.  Any 
doubt  regarding  the  plasticity  of  oils  above 
the  limiting  rates  of  shear  is  removed  by 
the  similarity  of  Figures  2  and  5. 

But  there  is  further  indication  that 
oils  can  be  identified  as  true  plastics  above 
the  limiting  rates  of  shear,  since  in  ac¬ 
cordance  with  expectation  the  intercept 
increases  with  an  increase  in  top  rate  of 
shear,  or  top  r.  p.  m.,  as  shown  in  Figure  6 
and  Table  II,  A.  Measurements  also 
show  that  a  complete  recovery  of  structure 
takes  place  if  the  oils  are  left  at  rest  for 
a  period  of  time  following  shear  agitation. 
Since  this  is  one  of  the  most  important 
characteristics  of  thixotropy,  it  bears  out 
the  statement  that  oils  show  thixotropic 
behavior  above  their  limiting  rates  of 
shear. 


Table  III  Heavy  Mineral  Oil  Flow  Curves  Measured  to  Various 

Top  R.  P.  M.  (Figure  7) 

(Temperature  constant,  30°  C.) 


Upcurve 

Torque 

112 

X  10-5 

r.  p.  m. 

R.  p.  m. 

Dynes 

cm. 

14.5 

4.6 

22 

6 . 5 

36 

10.6 

11 

63.5 

18.4 

18.8 

76 

85 

25.8 

25.8 

112 

34 

130 

39.9 

145 

158 

46.0 

180 

52.3 

192 

205 

56.0 

218 

234 

60.9 

252 

64 

278 

67.5 

289 

302 

70 

312 

325 

73 

349 

74.8 

360 

370 

76 

393 

77.8 

414 

420 

80.2 

423 

445 

80.2 

454 

467 

80.7 

474 

495 

si 

520 

82.3 

523 

544 

81.9 

568 

81.7 

569 

595 

8i.5 

621 

81.5 

648 

81 

668 

676 

80.5 

700 

79.3 

Torque  X  10  5  for 


205 

302 

393 

p.  m. 

r.  p.  m. 

r.  p.  m. 

Dynes 

cm. 

4.25 

3 . 55 

3.36 

6.0 

5.7 

4.95 

10.6 

9.7 

9.0 

18.0 

16.6 

18.6 

24.8 

23.3 

31.9 

29.9 

27 !  6 

36.6 

36.4 

36!  i 

44  ".2 

4R5 

50 

47 

43.9 

5R9 

52!6 

56  ‘.7 

61 

64.9 

57 

62!  5 


66'  ’ 

74 ’.6 


Thixotropic  Levels 


495 

595 

700 

.  p.  m. 

r  p.  m. 

r.  p.  m. 

3.0 

2.48 

2.3 

4.6 

3.9 

3.5 

8.1 

7.2 

6.5 

it!  6 

17.4 

13.4 

24 !  9 

27!  2 

24.2 

32!9 

39.7 

35.9 

33!  9 

46  !o 

43!  5 

53.0 

52'  ' 

42.4 

57  !o 

51.5 

61 

57 

65’ 

6i'  ’ 

56 . 5 

69  !l 

65.2 

72!  8 

59!  8 

75.5 

69’  ’ 

64!  3 

73'  ' 

67 !  5 

75.9 

79’  ' 

7i’ 

73.8 

76 !  3 
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Table  IV.  Heavy  Mineral  Oil  Torque-Time  Curves  at  Various  Constant  R.  P.  M.  (Figure  8) 

(Temperature  constant,  30°  C.) 


Torque  X  10  ~4  for  Various  Thixotropic  Levels  Torque  X  10  "6  for  Various  Thixotropic  Levels 


Time 

Stc. 

73  r.  p.  m. 

140  r.  p.  m. 

200  r.  p.  m. 

300  r.  p.  m. 

400  r.  p.  m. 

Time 

Sec. 

73  r.  p.  m. 

140  r.  p.  m. 

200  r.  p. 

m.  300  r.  p.  m. 

400  r.  p.  m. 

0 

2.67 

4.55 

6.09 

8.23 

10.6 

130 

2.43 

3.37 

3.84 

5.78 

6.43 

3 

4.54 

5.12 

7.09 

140 

2.41 

3.35 

3.8 

5.72 

6.33 

4 

2.61 

8.5 

150 

2.4 

3.34 

3.77 

5.7 

6.28 

7 

2.6 

4.35 

4.81 

160 

2.39 

3.3 

3.75 

5.61 

6.19 

8 

6.9 

8.i4 

170 

2.38 

3.71 

5.6 

6.12 

IO 

4.67 

180 

2.37 

3.26 

3.67 

5.56 

6.08 

11 

2.59 

3.92 

190 

2.36 

3.65 

5.5 

6.01 

13 

6.83 

7.9 

200 

2.35 

3.63 

5.48 

5.97 

14 

4.56 

210 

2.35 

3.i8 

3.61 

5.41 

5.91 

15 

2.58 

3.83 

220 

2.34 

3.57 

5.4 

5.88 

18 

6.77 

7.8 

230 

2.33 

3.54 

5.38 

5.83 

19 

3.8 

4.49 

240 

2.32 

3.i3 

3.52 

5.33 

5.8 

20 

2.58 

270 

2.3 

3.08 

3.45 

5.27 

5.7 

23 

3.77 

6.72 

300 

2.28 

3.05 

3.4 

5.2 

5.61 

24 

4.39 

330 

2.26 

3.01 

3.35 

5.13 

5.54 

25 

2.57 

7.68 

360 

2.28 

2.98 

3.34 

5.11 

5.49 

28 

3.75 

390 

2.24 

2.94 

3.3 

5.08 

5.46 

29 

4.39 

420 

2.21 

2.91 

3.28 

«  5-05 

5.4 

30 

2.56 

6.67 

7.63 

450 

2.2 

2.9 

3.26 

5.02 

5.38 

34 

4.35 

480 

2.2 

2.87 

3.23 

5.0 

5.33 

35 

2.56 

3.71 

6.58 

7.58 

510 

2.2 

2.85 

3.2 

4.98 

5.32 

40 

2.55 

3.68 

4.32 

6.53 

7.51 

540 

2.84 

3.19 

4.98 

5.3 

50 

2.51 

3.65 

4.22 

6.44 

7.38 

570 

2.84 

3.15 

4.95 

5.3 

60 

2.51 

3.61 

4.16 

6.33 

7.21 

600 

2.8 

3.14 

4.95 

5.28 

70 

2.5 

3.57 

4.1 

6.23 

7.1 

630 

2.8 

3.11 

4.94 

5.28 

80 

2.49 

3.54 

4.04 

6.12 

6.95 

660 

2.78 

3.1 

4.92 

5.28 

90 

2.48 

3.5 

4 

6.04 

6.81 

690 

2.76 

3.08 

4.92 

5.27 

100 

2.47 

3.47 

3.95 

5.98 

6.71 

720 

2.73 

3.06 

4.92 

5.27 

110 

2.45 

3.43 

3.91 

5.91 

6.61 

750 

2.73 

3.05 

4.92 

5.27 

120 

2.44 

3.4 

3.89 

5.82 

6.51 

r  780 

2.71 

3.05 

4.92 

5.27 

Experimental  Curves 

A  large  number  of  oils  have  been  measured  at  various  top 
r.  p.  m.  Since  all  are  of  a  similar  nature,  only  one  representa¬ 
tive  flow  curve  is  shown  in  Figure  7  and  Table  III. 

Figure  8  and  Table  IV  show  the  decrease  in  torque  as  a 
function  of  time  for  constant  rates  of  shear  or  r.  p.  m.  This 
decrease  is  typical  for  thixotropic  plastics. 


Figure  7.  Experimental  Flow  Curves  Obtained 
from  Various  Top  R.  P.  M. 


Temperature,  Turbulence,  and  Slippage 

It  is  evident  that  the  type  of  flow  curves  obtained  from 
oils  is  not  caused  by  factors  like  change  of  temperature, 
turbulence,  or  slippage. 

Slippage  can  be  immediately  discarded  as  a  result  of  ex¬ 
periments  made  with  a  grooved  bob  and  cup  (S). 

Turbulence  can  be  eliminated  as  cause  for  the  particular 
structure  of  the  oil  flow  curves,  since  turbulence  would  have 
tended  to  increase  rather  than  decrease  the  forces  (torques) 
at  higher  rates  of  shear. 

Finally  there  remains  the  question  of  temperature.  In¬ 
crease  of  temperature  undoubtedly  decreases  viscosity.  The 
point  then  is,  how  much  rise  in  temperature  is  required  to 
decrease  the  oil  viscosity  to  the  same  plastic  viscosity  ob¬ 
tained  by  increasing  the  rate  of  shear.  To  determine  this, 
a  heavy  mineral  oil  was  chosen  and  its  viscosity  below  the 
limiting  rate  of  shear  was  measured  at  various  temperatures. 
Though  the  decrease  in  viscosity  is  substantial,  it  is  not  large 
enough  to  account  for  the  rapid  decrease  in  viscosity  with  an 
increase  in  top  rate  of  shear.  In  Table  II  the  true  Newtonian 
viscosities  are  given  for  various  temperatures  and  the  plastic 
viscosities  are  given  for  various  thixotropic  levels  and  are 
designated  by  their  respective  top  rates  of  shear  and  top 
r.  p.  m. 

Table  II  makes  it  obvious  that  the  decrease  in  plastic  vis¬ 
cosity  resulting  from  an  increase  in  top  rate  of  shear  is  too 
great  to  be  entirely  caused  by  an  increase  in  temperature. 

This  point  is  more  clearly  shown  by  plotting  the  plastic 
viscosities  at  various  top  r.  p.  m.  against  the  true  Newtonian 
viscosities  obtained  at  various  temperatures  (Figure  9  and 
Table  V).  For  example,  an  increase  from  100  to  700  top 
r.  p.  m.  decreases  the  plastic  viscosity  from  710  to  150  poises, 
which  in  turn  requires  a  temperature  increase  from  31°  to 
48°  C.,  if  the  temperature  is  responsible  for  the  entire  increase 
in  viscosity.  However,  no  appreciable  temperature  increase 
could  be  observed  if  the  temperature  was  taken  before  and 
immediately  after  the  measurement.  Therefore  tempera¬ 
ture  can  also  be  ruled  out  as  a  determining  factor  for  the  par¬ 
ticular  shape  of  the  oil  flow  curves. 
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Table  V. 

Interpolated  Data 

from  Figure  9 

Viscosity 

Top  R.  P.  M. 

Temperature 

Poises 

°  C. 

660 

110 

31 

600 

155 

32 

500 

225 

34 

400 

305 

36.5 

300 

415 

39.5 

200 

580 

44.5 

150 

700 

48 

Figure  9.  Curve  Constructed 
to  Show  Increase  in  Tempera¬ 
ture  Required  to  Obtain  Same 
Viscosity  as  Obtained  by  In¬ 
crease  in  Top  R.  P.  M. 


Conclusions 

A  full  theoretical  treatment  of  the  phenomenon  of  the 
thixotropic  behavior  of  oils  has  not  yet  been  developed,  but 
a  few  suggestions  may  elucidate  the  results  so  far  presented. 

At  rest  all  molecules  are  distributed  at  random,  taking  on  a 
statistic  average  position.  Applying  a  rate  of  shear  beyond 
the  limiting  rate  of  shear,  which  is  equivalent  to  developing 
a  minimum  directional  force,  the  molecules  may  start  an 
alignment  in  the  direction  of  shear;  hence  the  original  random 
structure  of  the  oil  breaks  down,  as  indicated  by  a  decrease 
in  plastic  viscosity.  Upon  rest  the  molecules  will  slowly 
return  to  their  original  random  position. 

Discussion 

According  to  the  literature,  oils  are  often  recommended  for 
use  in  calibrating  viscometers,  but  this  may  lead  to  a  serious 
error  (3).  The  present  paper  shows  that  unreliable  results 
may  be  obtained  if  oils  are  used  above  their  limiting  rates  of 
shear,  since  most  oils  behave  like  true  Newtonians  only  below 
this  critical  point.  The  danger  of  an  unreliable  calibration 
with  oils  is  particularly  great  if  highly  viscous  oils  are  used, 
since  their  limiting  rates  of  shear  are  very  low. 

However,  any  such  oil  can  be  used  for  calibration  if  the 
applied  rates  of  shear  are  kept  below  the  lim.ting  rate  of 
shear  of  the  oil,  in  the  range  where  it  behaves  like  a  true 
Newtonian  liquid. 

Although  the  oils  tested  showed  no  evidence  of  impurities, 
some  oils  contain  waxes  and  other  contaminants;  therefore, 
the  question  of  a  possible  separation  at  high  rates  of  shear 
remains  to  be  discussed.  Separation  would  probably  have  a 
decreasing  effect  on  the  torque  and  therefore  would  show 


phenomena  like  those  due  to  a  thixotropic  breakdown  of 
the  oil  structure.  However,  the  effects  described  above 
are  not  due  to  any  detectable  separation,  since  repeated 
measurements  after  short  periods  of  time  yield  identical 
results,  and  the  elapsed  time  intervals,  of  a  few  minutes, 
are  long  enough  to  allow  a  thixotropic  recovery,  but  not  a 
redistribution  of  any  separated  materials.  It  is  highly 
improbable  that  a  redistribution  or  redispersion  could  take 
place  while  the  material  is  at  complete  rest,  even  if  a  longer 
time  for  recovery  were  allowed. 
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Rapid  Determination  of  Water  in  By-Product 

Sulfur 

LOUIS  SHNIDMAN,  Rochester  Gas  and  Electric  Corp.,  Rochester,  N.  Y. 


By-product  sulfur,  sometimes  known  as 
sulfur  paste,  recovered  during  the  purifica¬ 
tion  of  manufactured,  natural,  or  refinery 
gases  using  liquid  purification  and  sulfur 
recovery  processes,  is  being  used  extensively 
as  a  fungicide.  The  texture  and  consistency 
of  the  specially  milled  and  creamed  sulfur 
are  controlled  by  its  water  content  during 
its  production.  A  rapid  density  method  for 
the  determination  of  water  in  the  by¬ 
product  sulfur  requires  no  weighing,  but 
merely  comprises  liquefying  the  sulfur 


BY-PRODUCT  sulfur,  sometimes  known  as  sulfur  paste, 
is  recovered  during  the  purification  of  manufactured, 
natural,  or  refinery  gases  which  utilize  liquid  purification  and 
sulfur  recovery  processes  (5,  6,  9,  10).  At  Rochester,  N.  Y., 
an  “ammonia-Thylox”  liquid  purification  system  is  in  opera¬ 
tion.  The  details  of  the  process  have  been  described  by 
Bowman  ( 1 ).  The  chemistry  of  the  process  as  studied  by 
Gollmar  ( 5 )  and  in  the  author’s  laboratory  can  be  briefly  sum¬ 
marized  as  follows: 

Certain  thioarsenates  are  capable  of  absorbing  oxygen  from 
the  air,  replacing  part  of  the  sulfur  in  the  thioarsenate  molecule, 
and  precipitating  it  as  elemental  sulfur.  This  lower  sulfur  thio¬ 
arsenate  molecule  can  absorb  hydrogen  sulfide,  forming  the  origi¬ 
nal  thioarsenate,  and  the  cycle  can  be  repeated  continuously. 
In  practice  theoretical  quantities  of  arsenic  trioxide  and  soda  ash 
are  dissolved  in  boiling  water  and  added  to  the  system  as  required 
to  maintain  an  arsenic  trioxide  concentration  of  6.0  grams  per 
liter.  The  gas  containing  some  25.9  grams  (400  grains)  of  hy¬ 
drogen  sulfide  per  2.83  cubic  meters  (100  cubic  feet)  is  scrubbed 
by  the  Thylox  (arsenic)  liquor  containing  the  thioarsenates  as 
indicated  in  the  reactions  that  follow: 

A.  Preliminary  reactions: 


AS2O3  4~  2Na*CO«  “I-  H2O  - 

— 2Na2HAs03  4~  2CO2 

(i) 

2Na2HAs03  +  5H2S 

— ^  Na4As2S6  4"  6H2O 

(2) 

N a4As2S5  4"  O2 

— ^  Na4As2S502 

(3) 

B.  In  the  hydrogen  sulfide  absorber  the  following  reactions 
take  place  in  the  ammonia-Thylox  process: 

(NH4)4As2S602  +  H2S  — ^  (NH4)4As2S60  +  H20  (4) 

(NH4)4As2S60  +  H2S  — >  (NH4)4As2S7  +  H20  (5) 

Reaction  4  is  faster  than  5  and  represents  the  main  reaction  in 
the  absorber. 

C.  In  the  thionizer  the  Thylox  liquor  is  treated  with  air  under 
pressure,  where  oxygen  is  absorbed  and  sulfur  liberated  as  follows : 

(NH4)4As2S7  +  V202  — 3-  (NH4)4As2S60  +  S  (6) 

(NH4)4As2S60  +  l/202  — >  (NH4)4As2S602  +  S  (7) 

Reaction  7  is  faster  than  6  and  is  believed  to  be  the  main  reac¬ 
tion  taking  place  in  the  pressure  thionizer. 

When  the  pH  of  a  solution  of  (NH4)4As2S60  drops  below 
7.3,  arsenic  trisulfide  and  free  sulfur  precipitate  out,  indicating 
some  reduction  of  pentavalent  As+++++  to  trivalent  As+++. 


paste,  deaerating  the  sample  by  suction 
with  constant  stirring  in  a  special  metal 
container,  counterbalancing  a  given  weight, 
and  reading  the  moisture  content  directly 
from  a  calibrated  flask. 

Its  accuracy  has  been  established  by 
comparison  with  a  distillation  procedure 
previously  developed.  The  rapid  density 
method  will  give  results  within  0.5  per  cent 
of  the  true  water  content  of  by-product 
sulfur.  The  time  required  for  a  determi¬ 
nation  is  10  minutes. 


Figure  1  presents  a  view  of  the  hydrogen  sulfide  removal 
system  with  the  two  absorbers  at  the  left,  the  pressure  thio¬ 
nizer  on  the  right,  and  the  operating  building  in  the  center. 
The  plant  is  capable  of  handling  some  566,300  cubic  meters 
(20,000,000  cubic  feet)  of  gas  per  day.  The  sulfur  slurry 
released  at  the  top  of  the  thionizer  flows  to  a  supply  tank, 
thence  to  a  continuous  vacuum  filter  where  the  by-product 
sulfur  is  separated  and  washed. 

The  nature  and  general  properties  of  by-product  sulfur 
have  been  described  previously  ( 2 ,  3,  4,  7,  8).  By-product 
sulfur  consists  essentially  of  water,  free  sulfur,  less  than  1  per 
cent  of  iron  oxide,  and  less  than  1  per  cent  of  water-soluble 
salts.  The  by-product  sulfur  as  it  comes  from  the  filters 
consists  of  a  yellow-gray  sticky  paste  containing  about  45 
per  cent  of  water.  To  prepare  this  material  for  market,  the 
sulfur  is  milled  and  creamed  in  special  equipment  and  the 
moisture  content  is  raised  to  52  to  60  per  cent,  depending  upon 
the  type  of  product  desired.  In  this  condition,  it  is  being 
used  extensively  today  as  a  fungicide  not  only  for  apple 
orchards  but  for  other  fruits  as  well. 

In  preparing  the  final  milled  sulfur  at  the  plant,  it  is 
necessary  to  keep  the  water  content  within  definite  limits. 
This  requires  a  rapid  and  reliable  method  for  determination  of 
the  water  in  the  sulfur  paste.  The  author  (8)  previously  de¬ 
scribed  a  distillation  method  for  determination  of  water  in 
by-product  sulfur,  which  was  based  upon  the  separation  of 
water  from  the  sulfur  by  the  use  of  a  mixture  of  light  oil 
and  gas  oil  which  aided  in  distilling  over  of  the  water  into  a 
calibrated  trap  using  a  reflux  condenser.  This  method  proved 
to  be  accurate  and  convenient.  However,  the  2  to  3  hours 
required  for  the  determination  by  the  distillation  procedure 
were  too  long  when  the  by-product  sulfur  was  being  processed 
at  the  plant,  and  the  water  content  was  required  within  a 
short  time  in  order  not  to  hold  up  production. 

Experimental  Work 

At  the  outset  the  operating  engineers  requested  that  a 
method  be  developed  which  would  be  simple,  accurate,  and 
reliable,  and  have  the  result  available  within  10  minutes  or 
less.  If  such  a  method  could  be  developed,  plant  operation 
and  production  could  proceed  normally  and  without  delay. 

To  meet  these  requirements  a  number  of  procedures  were 
studied  and  some  preliminary  work  was  performed.  Some 
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of  the  procedures  con¬ 
sidered  were  as  follows: 

1.  An  attempt  was 
made  to  measure  the  time 
required  for  a  rod  to  sink 
into  the  sulfur  paste  a 
given  distance.  A  modifi¬ 
cation  of  this  procedure 
was  also  tried  which  con¬ 
sisted  in  measuring  the 
depth  to  which  a  rod 
would  sink  into  the  sulfur 
paste.  These  procedures 
did  not  prove  practical, 
since  the  reading  was  af¬ 
fected  by  the  amount  of 
entrapped  air,  which 
varied  from  batch  to 
batch  as  prepared  at  the 
plant. 

2.  Another  procedure 
tried  was  to  add  a  known 
amount  of  standard  acid 
or  alkaline  solution  and 
determine  the  change  in 
concentration  caused  by 
dilution  with  the  water 
present  in  the  sulfur  cake. 

This  procedure  gave  un¬ 
certain  results  and  ap¬ 
peared  to  have  too  many 
difficulties  to  develop 
further. 

3.  The  next  procedure 
attempted  was  similar  to 
No.  2,  except  that  the 
change  in  concentration 
was  determined  by  meas¬ 
uring  the  refractive  index. 

This  likewise  proved  im-  Figure 

practical. 

4.  Attempts  were 
made  to  separate  the 
water  present  in  the 

sulfur  paste  by  centrifuging,  with  and  without  addition  of  other 
substances  to  aid  in  such  separation.  Further  work  showed  that 
the  addition  of  a  small  quantity  of  carbon  disulfude  in  sulfur 
paste  gave  a  fair  separation,  but  the  results  obtained  were  erratic. 
Further  work  showed  that  this  procedure  was  impractical  and 
was  abandoned. 

5.  The  determination  of  the  density  of  the  sulfur  paste  was 
tried.  The  density  method  was  given  further  consideration  be¬ 
cause  it  showed  from  the  start  that  results  could  be  obtained  that 
were  within  1  to  2  per  cent  of  the  true  moisture  content  when 
using  sulfur  from  the  same  batch.  However,  when  sulfur  paste 
from  other  batches  was  employed,  results  were  erratic.  It  was 
found  that  the  density  of  sulfur  in  the  by-product  material  was 
close  to  that  of  sulfur  reported  in  the  literature. 

From  previous  work  carried  out  in  this  laboratory  on  the 
properties  and  behavior  of  by-product  sulfur,  it  was  found 
that  various  dispersing  agents  possessed  the  property  of 
liquefying  the  sulfur  paste,  thereby  converting  it  into  a 
creamy  solution  that  could  be  readily  handled.  One  of  the 
dispersing  agents  found  best  for  this  purpose  was  Bindarene 
flour,  made  by  the  International  Paper  Company.  The 
analysis  of  this  Bindarene  flour  dispersing  agent  was  as  follows: 


Total  solids 

96.90 

Ash 

8.52 

Silica  and  insoluble 

0.04 

Oxides  of  iron  and  alumina 

0.11 

Calcium  oxide 

4.60 

Magnesium  oxide 

1.70 

Sulfur  trioxide 

0.36 

Sulfur  dioxide 

4.10 

Total  sulfur 

3.06 

pH  (of  10%  solution) 

5.7 

Organic  matter  (100%  water  ash) 

88.39 

One  procedure  employed  early  in  this  study  was  to  liquefy 
the  sulfur  paste  with  the  Bindarene  flour  dispersing  agent  and 
measure  the  volume  of  a  known  weight  of  sample.  It  was 
observed  that  the  liquefied  sulfur  paste  contained  large  quan- 


Hydrogen  Stjlfide  Removal  System 


tities  of  small  air  bubbles  which  were  held  in  suspension. 
When  these  air  bubbles  were  removed,  consistent  results 
were  obtained. 

The  procedure  finally  adopted  consisted  in  general  in 
liquefying  the  sample  of  sulfur  paste  with  the  dispersing 
agent,  deaerating  the  sample  by  suction  with  constant  stirring 
in  a  special  metal  container,  and  then  weighing  the  sample 
to  determine  its  moisture  content.  The  detailed  procedure 
is  described  below. 

Apparatus 

Figure  2  shows  the  apparatus  partly  disassembled.  This  ap¬ 
paratus  consists  of : 

1.  A  metal  container  or  deaerating  cylinder  31  cm.  (12.189 
inches)  high,  10  cm.  (4  inches)  in  outside  diameter,  and  0.5  cm. 
(0.189-inch)  in  wall  thickness. 

2.  A  No.  15  rubber  stopper  through  which  the  stirrer  and 
paddles  pass  is  used  to  close  the  deaerating  cylinder,  and  to  sup¬ 
port  the  stirrer  and  packing  gland,  and  an  outlet  to  the  vacuum 
pump. 

3.  A  proper  type  of  stirrer  is  required  as  indicated  in  Figure 
2,  where  the  arrangement  and  distribution  of  the  paddles  are 
shown,  a  total  of  six  being  used.  More  paddles  are  present  in  the 
top  of  the  cylinder  in  order  to  provide  better  agitation  for  deaerat¬ 
ing  the  froth  or  foam  that  may  be  present  at  the  top  of  the  sulfur 
paste. 

4.  A  heavy-duty,  completely  enclosed,  1/«  horsepower  motor, 
1750  r.  p.  m.,  is  connected  to  the  stirrer  by  a  flexible  coupling  as 
shown  in  the  photograph.  The  motor,  stirrer,  and  cylinder  are 
mounted  on  a  suitable  support  as  indicated.  The  flexible  cou¬ 
pling  affords  an  easy  means  for  removing  and  inserting  the  stirrer 
in  the  cylinder. 

5.  A  calibrated  500-cc.  Florence  Pyrex  flask. 

6.  A  trap  (shown  in  the  right-band  comer)  consists  of  a  bottle 
with  rubber  stopper  in  which  are  two  connections,  one  to  the  de¬ 
aerating  cylinder,  the  other  to  the  water  suction  pump  not  shown, 
and  a  two-way  stopcock  used  to  break  the  suction  at  the  end  of 
the  deaeration  period. 
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Figure  2.  Disassembled  Apparatus 


7.  Heavy-walled  rubber  pressure  tubing  for  connections. 

8.  A  suitable  torsion  or  dispersing  balance  and  weights  not 
shown  in  the  photograph  are  required,  and  an  800-ml.  Pyrex 
beaker. 

9.  A  45-cm.  (18-inch)  wooden  spatula  has  been  found  most 
satisfactory  for  transferring  the  sulfur  paste  from  the  sample  can 
to  the  metal  cylinder.  One-gallon  enamel  milk  pails  are  satis¬ 
factory  for  holding  the  sample  taken  from  each  batch. 

Procedure 

The  procedure  as  finally  adopted  consists  in  placing  approxi¬ 
mately  800  grams  of  sulfur  paste  in  the  metal  cylinder  (about  half 
full).  This  need  not  be  weighed,  as  a  little  experience  will  soon 
tell  how  much  is  right.  Next,  4  or  5  grams  (a  heaping  teaspoon¬ 
ful)  of  Bindarene  flour  dispersing  agent  are  added.  The  Binda- 
rene  flour  is  distributed  through  the  paste  by  mixing  with  the 
wooden  spatula  for  about  10  seconds.  The  metal  cylinder  with 
the  sulfur  paste  is  then  connected  to  the  apparatus,  the  water 
suction  is  started,  and  the  stopcock  in  the  trap  is  closed.  Finally, 
the  motor  is  started  to  operate  the  stirrer.  The  sulfur  paste 
sample  is  deaerated  under  suction  with  constant  stirring  for  5 
minutes.  The  motor  is  then  cut  off,  stopping  the  stirrer,  the  stop¬ 
cock  in  the  trap  is  opened,  and  the  water  suction  is  turned  off. 
The  metal  cylinder  is  disconnected  from  the  apparatus,  and  the 
liquefied  sulfur  paste  is  poured  into  a  800-ml.  beaker.  The  cali¬ 
brated  Florence  flask  is  placed  on  the  balance,  tared,  and  703 
grams  of  the  liquefied  and  deaerated  sulfur  paste  are  weighed  into 
the  flask.  The  author  has  found  it  simpler  to  make  a  special 
weight  weighing  exactly  703  grams.  The  neck  of  the  flask  is  then 
washed  down  with  1  ml.  of  methyl  alcohol  to  which  a  small 
quantity  of  methyl  orange  indicator  has  been  added.  The  water 
content  of  the  sulfur  paste  in  per  cent  is  then  read  directly  from 
the  calibration  on  the  flask  at  the  level  where  the  top  of  the 
meniscus  reaches  in  the  neck. 

An  occasional  sample  is  received  with  a  moisture  content  below 
54  per  cent,  which  is  the  lowest  amount  that  can  be  read  directly 
from  the  flask  calibrations.  In  such  a  case  the  procedure  is  the 
same,  except  that  after  the  703  grams  of  liquefied  and  deaerated 


sulfur  paste  have  been  weighed  into  the  calibrated  flask,  distilled 
water  is  added  to  bring  the  level  up  to  the  54  per  cent  mark.  The 
flask  is  reweighed  and  the  weight  of  added  water  is  obtained  by 
the  difference.  This  difference  divided  by  4  and  the  result  sub¬ 
tracted  from  54  will  give  the  true  moisture  content,  since,  as  indi¬ 
cated  below,  4  grams  of  water  are  equivalent  to  1  per  cent  of 
moisture  in  the  sulfur  paste. 

The  calibration  of  the  500-ml.  Pyrex  Florence  flask  is  car¬ 
ried  out  as  follows : 

A  Florence  flask  is  selected  so  that  the  54  per  cent  mark  comes 
up  into  the  lower  part  of  the  neck.  The  54  per  cent  mark  was 
found  to  be  the  height  of  537  grams  of  distilled  water  at  25°  C. 
The  calibration  marks  were  then  determined  empirically,  using 
sulfur  paste  whose  moisture  content  had  been  determined  by  the 
distillation  method  mentioned  above  ( 8 ).  Each  additional  2  per 
cent  mark,  up  to  and  including  the  60  per  cent  mark  on  the  flask, 
was  found  to  be  equivalent  to  the  height  of  an  additional  8.1  grams 
of  distilled  water  at  25°  C. 

Table  I  presents  the  water  content  of  by-product  sulfur 
paste  as  determined  by  the  rapid  density  method,  compared 
to  the  distillation  method  (8).  Some  forty-one  samples 
were  analyzed.  These  represent  results  that  have  been 
accumulated  over  a  period  of  4  years  by  at  least  eight  dif¬ 
ferent  analysts.  The  author  has  on  his  records  over  2200 
tests  made  on  sulfur  paste  by  this  rapid  density  method. 
Examination  of  these  data  indicates  close  agreement  between 
the  distillation  method  and  the  rapid  density  method.  The 
average  difference  between  the  two  methods  is  0.1  per  cent. 
The  maximum  difference,  one  sample  only,  is  1.0  per  cent. 
The  data  further  show  that  results  within  0.5  per  cent  of  the 
true  moisture  can  be  obtained  by  the  rapid  density  method. 
The  rapid  density  method  for  moisture  in  by-product  sulfur 
paste  has  a  number  of  advantages:  No  weighing  of  the 
original  sample  is  required.  It  is  easily  and  readily  liquefied 
and  deaerated.  There  is  no  weighing  or  measuring  to  obtain 


Table  I.  Water  Content  of  By-PRODUCT  Sulfur  Paste 


Distillation 

Rapid  Density 

Difference 

Test  No. 

Method 

Method 

between  Methods 

% 

% 

% 

1 

57.0 

56.5 

-0.5 

2 

57.5 

57.0 

-0.5 

3 

57.5 

58.0 

+0.5 

4 

58.0 

57.5 

-0.5 

5 

56.5 

56.5 

0.0 

6 

57.0 

56.5 

-0.5 

7 

58.5 

58.0 

-  -0.5 

8 

56.5 

56.0 

-0.5 

9 

58.7 

58.5 

-0.2 

10 

56.7 

56.5 

-0.2 

11 

55.5 

55.0 

-0.5 

12 

57.5 

58.0 

-0.5 

13 

59.0 

59.5 

+0.5 

14 

59.0 

58.5 

-0.5 

15 

58.0 

58.5 

+  0.5 

16 

59.5 

59.5 

0.0 

17 

60.5 

60.5 

0.0 

18 

57.0 

57.5 

+  0.5 

19 

57.5 

57.5 

0.0 

20 

59.0 

59.0 

0.0 

21 

58.5 

58.5 

0.0 

22 

59.0 

59.0 

0.0 

23 

60.0 

59.5 

-0.5 

24 

59.5 

59.5 

0.0 

25 

59.0 

59.0 

0.0 

26 

57.5 

58.5 

+  1.0 

27 

57.0 

57.0 

0.0 

28 

59.0 

59.5 

+0.5 

29 

57.0 

57.0 

0.0 

30 

58.0 

57.5 

-0.5 

31 

59.0 

59.5 

+  0.5 

32 

56.0 

56.0 

0.0 

33 

56.5 

56.5 

0.0 

34 

53.0 

53.5 

+0.5 

35 

56.0 

55.5 

-0.5 

36 

57.5 

57.0 

-0.5 

37 

57.0 

56.5 

-0.5 

38 

59.0 

59.5 

+0.5 

39 

51.0 

50.5 

-0.5 

40 

55.0 

54.5 

-0.5 

41 

61.0 

61.0 

0.0 

Av.  57.6 

57.5 

-0.1 
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the  final  results,  but  merely  a  balancing.  The  moisture 
content  is  read  directly,  no  further  calculations  being  re¬ 
quired. 

After  the  analyst  has  acquired  experience,  a  moisture 
determination  can  be  made  within  10  minutes.  To  speed 
up  the  results  further,  the  author  has  employed  two  metal 
containers,  so  that  while  one  sample  is  being  deaerated,  the 
sample  in  the  other  container  is  being  cleaned  and  made 
ready  for  the  new  determination.  Thus  by  rotating,  the 
time  for  the  determination  can  be  further  reduced. 

Certain  precautions  must  be  taken  in  the  use  of  this  method: 

1.  Sufficient  dispersing  agent  must  be  added  to  liquefy  the 
sample. 

2.  The  entrapped  air  must  be  completely  removed;  otherwise 
the  results  will  be  high.  A  good  test  for  the  completeness  of  air 
removal  is  to  tap  on  the  bottom  of  the  beaker  or  flask  containing 
the  liquefied  sulfur  paste  with  the  finger.  If  the  sound  has  a  ring, 
the  air  has  not  been  completely  removed.  A  little  experience  soon 
accustoms  the  analyst  to  the  difference  in  sound. 

3.  The  distillation  method  should  be  used  as  a  periodic  check 
until  the  analyst  has  assured  himself  that  the  results  are  correct 
and  that  the  samples  are  uniform.  An  occasional  sample  has  been 
received  from  which  it  was  impossible  to  remove  the  entrapped 
air.  The  samples  are  generally  from  sulfur  recently  made  from 
the  sulfur  by-product  recovery  system. 


No  difficulty  has  been  encountered  in  the  use  of  the  rapid 
density  moisture  method,  even  though  used  by  various  mem¬ 
bers  (at  least  eight)  of  the  laboratory  staff.  This  method 
is  in  constant  use  at  this  laboratory,  especially  during  the 
spring  when  the  sulfur  paste  is  being  prepared  for  market. 
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Qualitative  Test  for  Methoxy  and  Other 

Alkoxy  Groups 

Compounds  Encountered  in  Pharmacology  and  Toxicology 


WALTER  C.  TOBIE,  Division  of  Chemistry  and  Physics,  Army  Medical  School,  Washington,  D.  C. 


ALTHOUGH  numerous  modifications  of  the  Zeisel  method 
L  (5)  for  the  quantitative  determination  of  methoxy  and 
other  alkoxy  groups  have  been  described,  and  much  elaborate 
apparatus  has  been  designed  for  the  determination,  a 
simple  and  reliable  qualitative  test  for  such  groups  has 
hitherto  been  lacking.  Beckmann  (2)  and  Feist  (3)  detected 
methoxy  groups  in  a  few  compounds  by  splitting  off  the 
methyl  radical  in  such  a  way  as  to  methylate  known  com¬ 
pounds,  then  determining  the  melting  point  of  the  resulting 
methylated  derivative.  Such  a  procedure  is  slow  and  incon¬ 
venient.  Neave  and  Heilbron  (4)  merely  described  a  very 
crude  qualitative  Zeisel  procedure,  heating  compounds  to 
140°  C.  with  hydriodic  acid  and  passing  the  evolved  methyl 
or  ethyl  iodide  into  silver  nitrate,  without  provision  for  re¬ 
moving  interfering  substances  which  might  distill  over. 

The  present  paper  gives  a  satisfactory  qualitative  method 
for  the  detection  of  lower  alkoxy  groups  in  soluble  compounds 
of  relatively  low  molecular  weight.  It  is  based  on  the  Zeisel 
method,  but  requires  only  a  test  tube  for  apparatus,  together 
with  a  porous  plug,  impregnated  to  remove  interfering  sub¬ 
stances.  The  alkyl  iodides  produced  in  positive  tests  are  de¬ 
tected  by  means  of  the  vermilion  color  (mercuric  iodide)  which 
they  give  with  mercuric  nitrate. 

Method 

Preparation  of  Porous  Plugs.  Cut  double-thickness  cheese¬ 
cloth  (gauze)  from  a  roll  18  inches  (45  cm.)  wide  into  strips  2 
inches  (5  cm.)  wide  and  18  inches  long.  Fold  each  strip  once,  to 
get  a  strip  2  by  9  inches.  Place  the  strips  on  a  sheet  of  glass. 
Thoroughly  moisten  each  strip  by  pipetting  5  ml.  of  the  impreg¬ 
nating  solution  onto  it,  taking  care  that  the  strips  do  not  curl. 


Dry  the  strips  on  the  glass,  either  by  standing  overnight  or  by 
leaving  it  in  a  warm  place  for  2  or  3  hours. 

Impregnating  Solution.  Dissolve  1  gram  of  lead  acetate 
in  about  10  ml.  of  water  and  pour  it  into  60  ml.  of  1  A  sodium 
hydroxide  in  a  100-ml.  cylinder.  The  heavy  precipitate  which 
appears  soon  redissolves.  Add  a  solution  of  5.0  grams  of  sodium 
thiosulfate  in  about  10  ml.  of  water,  and  1  ml.  of  glycerol.  Dilute 
the  mixture  to  100  ml.  with  water.  The  glycerol  prevents  any  of 
the  dried  salt  mixture  from  flying  off  as  dust  when  the  strips  are 
rolled  before  insertion  in  the  test  tubes. 

Conduct  of  the  Test.  Place  about  0.1  gram  of  the  substance 
to  be  tested  (preferably  well  powdered  if  a  solid),  in  a  16  by  150 
mm  test  tube.  Carefully  pipet  1  ml.  of  glacial  acetic  acid  and 
1  ml.  of  hydriodic  acid  (57  per  cent,  sp.  gr.  1.7)  onto  it.  It  is  de¬ 
sirable,  but  not  essential,  to  add  a  small  (1  to  2  mm.)  granule  of 
unglazed  porcelain  to  promote  ebullition.  Roll  one  of  the  im¬ 
pregnated  gauze  strips  rather  loosely  into  a  cylindrical  shape 
and  insert  it  in  the  mouth  of  the  test  tube  with  a  rotary  motion. 
When  most  of  the  plug  has  been  inserted  into  the  tube,  twist  it  in 
the  opposite  direction  to  expand  it  in  the  bore  to  a  fairly  tight 
fit.  There  must  be  no  obvious  channels  by  which  vapors  can  by¬ 
pass  the  plug.  Push  the  plug  down  until  its  top  is  about  1.5 
inches  (4  cm.)  below  the  mouth  of  the  test  tube.  Put  a  small 
piece  of  nonabsorbent  cotton  (cotton  batting)  over  the  plug  and 
press  it  down  into  a  disk  about  2  to  3  mm.  thick.  Give  a  strip  of 
filter  paper  about  2  cm.  wide  and  10  cm.  long  a  slight  longitudi¬ 
nal  fold,  moisten  about  a  third  of  its  length  with  a  saturated 
solution  of  mercuric  nitrate  in  2  per  cent  by  volume  nitric  acid, 
and  rest  the  paper  upon  the  cotton  wad. 

Place  the  test  tube  in  a  glycerol  bath  about  4  to  5  cm.  deep, 
maintained  at  120°  to  130°  C.  The  bath  may  be  heated  ini¬ 
tially  above  130°  C.,  if  several  tubes  are  to  be  immersed  in  it. 
Condensed  vapors  will  gradually  work  up  the  tube  walls  into 
the  impregnated  plug,  which  will  show  a  gray  discoloration. 

With  a  positive  test,  a  yellow  color  will  spread  upward  from 
the  bottom  edge  of  the  test  paper,  while  changing  to  a  bright 
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Table  I. 

Alkoxy 

Detection  of  Alkoxy  Groups 

Color  on  Time  in 

Explanation 

Compound 

Groups 

Test  Paper 

Minutes 

Result 

Anisole 

1  MeO — - 

V 

7 

+  +  +  + 

Phenetole 

1  EtO— 

V 

5 

+  +  +  + 

1  MeO — 

V 

8 

+  +  +  + 

S  does  not  interfere  in  this 
case 

Potassium  guaiacol  sulfon¬ 
ate 

1  MeO— 

V 

8 

+  +  +  + 

Vanillin 

1  MeO— 

V 

6 

+  +  +  + 

Vanillin  acetate 

1  MeO — 

V 

7 

+  +  +  + 

Eugenol 

1  MeO — 

V 

4 

+  +  +  + 

Acetophenetidine 

1  EtO— 

V 

8 

+  +  +  + 

MeOH  hydrolyzed  off  forms 
Mel 

Methyl  salicylate 

1  MeO — 

V  +  0 

4 

+  +  +  + 

n-Butyl  ether 

2  BuO— 

Y  +  O 

10 

+ 

B.  p.  of  Bui  is  131°  C. 
Ether  resists  HI 

n-Hexyl  ether 

2  HexO — 

Y  +  light  green 

10 

(— ) 

B.  p.  of  hexyl  iodide  is 
180°  C. 

a-Methyl  glucoside 

1  MeO — 

V 

2 

+  +  +  + 

Antipyrine 

Piperine 

Dimethoxytetraethylene 

None 

Faint  buff 

10 

— 

None 

Y  (very  strong) 

10 

— 

Yellow  unaccounted  for 

glycol 

2  MeO— 

O  (strong) 

3 

+  +  + 

Plasmochin 

1  MeO — 

Y  +  O  +  V 

10 

+  +  + 

Atebrin  dihydrochloride 

1  MeO — ■ 

O  +  V 

10 

+  +  + 

B.  p.  of  Bui  is  131°  C. 

Nupercaine  hydrochloride 
Dibutylaminopropyl-p- 
aminobenzoate  sulfate 

1  BuO— 

O 

5 

+  + 

(Butyn) 

Azochloramide  (Dichloro- 

None 

Faint  gray 

10 

-  1 

Discolorations  probably 
due  to  reduction  by  de- 

azodicarbonamidine) 

None 

Gray 

10 

—  f 

composition  products 

Picrolonic  acid 

None 

Y  +  pale  gray 

10 

Codeine  (alkaloid) 

1  MeO — 

O  (strong) 

3 

+  +  + 

Discoloration  due  to  S 

Codeine  sulfate 

1  MeO — 

Y  +  gray 

10 

(— ) 

Brucine  (alkaloid) 

2  MeO— 

V 

7 

+  +  +  + 

Quinidine  (alkaloid) 

1  MeO — 

Y  +  V 

10 

+  +  + 

No  interference  by  S 

Quinidine  sulfate 

1  MeO— 

Y  +  V 

10 

+  +  + 

Quinine  (alkaloid) 

1  MeO— 

Y  +  V  +  O 

10 

+  + 

Only  small  spots  of  V  and  O 

Quinine  hydrochloride 

1  MeO— 

Y  +  V  +  gray 

10 

+  + 

Slight  interference  by  HC1 

Quinine  sulfate 

1  MeO— 

Y  +  gray 

10 

(— ) 

S  interferes  strongly 

Narcotine 

3  MeO— 

V  +  O 

5 

+  +  +  + 

Cotarnine  hydrochloride 

1  MeO — 

Y  +  O  +  gray 

4 

+  +  + 

Slight  interference  by  HC1 

Thalline  sulfate 
Ethylmorphine  hydrochlo- 

1  MeO — 

Black  +  gray 

10 

(— ) 

S  interferes  very  strongly 

ride  (Dionine) 

1  EtO— 

V  +  O 

5 

+  +  +  + 

MeOH  hydrolyzed  off  forms 
Mel 

Cocaine  hydrochloride 

1  MeO — 

O 

5 

+  +  + 

Hydrastine  (alkaloid) 

2  MeO— 

V 

3 

+  +  +  + 

Hydrastine  hydrochloride 

2  MeO— 

O 

3 

+  +  + 

No  interference  by  HC1 

Morphine  sulfate 

None 

Y  (faint) 

10 

— 

No  interference  by  S 

Strychnine  sulfate 

None 

Y  (strong) 

6 

— 

No  interference  by  S 

Atropine  sulfate 

V  =  vermilion,  O  =  orange, 

None 

,  Y  =  yellow 

Gray 

10 

S  obscures  negative  reac¬ 
tion 

+  +  +  +  =  strong  positive, 

( — )  =  false  negative,  —  = 

+  4-  +  =  moderate  positive,  +  +  =  weak  positive,  -p 
negative 

=  doubtful  positive 

For  the  detection  of 
methoxy  and  ethoxy 
groups  in  smaller  amounts 
of  material  (1  to  10  mg.), 
the  A.  0.  A.  C.  method 
( 1 )  is  undoubtedly  su¬ 
perior  ;  sulfur  is  automati¬ 
cally  taken  care  of,  but 
special  equipment  and  a 
longer  time  are  required 
to  run  the  test. 

Results 

Table  I  shows  that  meth¬ 
oxy  and  ethoxy  groups 
are  rather  readily  de¬ 
tected.  With  solids,  100 
mg.  were  used;  with  liq¬ 
uids,  0.10  ml.  The  “time 
in  minutes”  shows  when 
each  test  was  discontinued. 
In  most  cases  a  distinct 
positive  test  was  obtained 
in  a  shorter  time.  Sulfur 
often  interferes  rather  seri¬ 
ously  with  the  test,  ap¬ 
parently  by  reduction  to 
volatile  mercaptans  which 
are  not  held  back  by  the 
impregnated  plug.  Since 
the  test  is  invariably 
satisfactory  with  free  alka¬ 
loids,  it  is  desirable  to 
convert  most  alkaloid  sul¬ 
fates  to  the  free  alkaloid 
before  testing.  The  slight 
gray  discoloration  pro¬ 
duced  by  hydrochlorides 
does  not  seriously  inter¬ 
fere. 


orange  or  vermilion.  Less  frequently,  the  orange  or  vermilion 
color  will  appear  rather  suddenly  over  all  the  moist  portion  of 
the  test  paper.  The  vermilion  may  appear  as  a  solid  band  of 
color,  or  as  spots  against  a  background  of  yellow  or  yellow- 
orange.  A  permanent  yellow  color  indicates  a  negative  or  a 
doubtful  positive  test.  The  faint  yellowish  color  obtained 
when  the  mercuric  nitrate  solution  dries  on  the  test  paper  is 
without  significance. 

The  test  should  be  continued  until  a  distinct  positive  reac¬ 
tion  is  evident,  or  until  10  minutes  have  elapsed.  In  certain 
cases,  particularly  in  tests  which  have  been  heated  for  10  min¬ 
utes  with  negative  results,  a  slight  gray  discoloration  may 
appear  on  the  test  paper,  probably  owing  to  the  action  of  vola¬ 
tile  substances  which  slightly  reduce  the  mercuric  nitrate  with 
the  production  of  finely  divided  mercury.  This  discoloration 
usually  fades  in  an  hour  or  so.  Permanent  dark  gray  discolor¬ 
ations  due  to  sulfur  compounds  are  discussed  under  “Re¬ 
sults”. 

Limits  of  Sensitivity 


Although  the  butoxy  group  in  nupercaine  is  readily  de¬ 
tected,  the  test  is  weak  with  n-butyl  ether.  Hexyl  ether  does 
not  react  at  all.  This  is  undoubtedly  due  to  the  high  boiling 
point  of  the  higher  iodides,  although  lower  solubility  in  water 
and  resistance  of  the  simple  ethers  to  the  action  of  hydriodic 
acid  may  be  a  factor. 

The  “false  negative”  reactions  given  in  Table  I  refer  to 
cases  in  which  an  alkoxy  group  is  present  in  the  compound,  but 
in  which  a  negative  test  is  obtained,  because  of  either  the  low 
volatility  of  the  alkyl  iodide  or  the  action  of  sulfur  in  obscuring 
the  vermilion  color  of  a  positive  test. 
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The  test  was  applied  to  5-,  10-,  and  25-mg.  portions  of 
vanillin  and  codeine  (alkaloid) .  The  colors  were  fairly  strong 
with  the  25-mg.  portions.  With  vanillin  the  test  was  still 
positive,  although  weak,  with  5  mg.  With  codeine,  the  test 
was  still  positive  (moderate  orange  color)  with  10  mg.  but 
5  mg.  gave  only  a  lemon-yellow  color.  Accordingly,  the  limits 
of  sensitivity  are  about  5  mg.  for  vanillin  and  10  mg.  for 
codeine. 
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Delivery  of  Liquids  at  Low  and  Constant  Rates 

E.  C,  PAGE,  JR.1,  AND  J.  C.  WHITWELL,  Princeton  University,  Princeton,  N.  J. 


The  design  of  an  apparatus  for  the  delivery 
of  small  batches  of  fluid  at  low  and  constant 
rates  is  presented.  Minimum  delivery 
rates  are  easily  and  accurately  regulated  at 
flows  of  fractions  of  cubic  centimeters  per 
minute. 

Full  range  control  of  flow  rates  is  possible. 
There  are  no  moving  parts  in  the  entire 
unit.  Individual  parts  are  obtainable  with¬ 
out  difficulty  or  conflict  with  strategic  ma¬ 
terials.  Only  the  simplest  glass-blowing 
techniques  are  involved.  Construction  and 
calibration  are  rapid. 

Statics  of  the  apparatus  are  analyzed  to 
produce  an  equation  useful  in  design  of  a 
unit  of  proper  size  for  any  particular  in¬ 
stallation  desired. 


THE  apparatus  herein  presented  was  suggested  by  an 
experiment  in  which  absolutely  constant  rates  of  addition 
of  a  reagent  were  required.  Moreover,  these  rates  were  to  be 
relatively  low,  in  the  range  of  a  few  cubic  centimeters  per 
minute  (4  to  5  maximum).  Devices  which  have  previously 
been  used  with  success  in  other  experiments  in  this  laboratory 
include  constant-head  tank-meter  devices  and  small  pumps 
of  centrifugal  or  piston  design.  The  main  difficulty  with  the 
former  lies  in  their  lack  of  adaptability  to  operation  with 
small  batches.  Pumps  of  either  design  require  materials 
high  on  priority  lists.  Centrifugals  require  auxiliary  metering 
devices,  while  all  pis¬ 
ton  types,  either  re¬ 
ciprocating  or  continu¬ 
ously  advancing  types, 
require  complicated 
gearing.  In  the  latter 
case,  full  range  con¬ 
trol  is  impossible.  The 
present  design  involves 
no  moving  parts,  no 
head  tanks,  and  no 
meters,  and  provides 
full  range  control. 

The  design  selected 
relies  upon  controlled 
rate  of  vaporization  as 
the  method  of  regula¬ 
tion.  However,  the  ap¬ 
paratus  described  is 
not  limited  to  a  pure 
liquid,  since  the  fluid 
being  vaporized  may 
be  completely  dissimi¬ 
lar  to  that  whose  flow 
is  being  regulated. 

Thus,  water  may  be 
the  material  vaporized 
while  a  solution  may  be 
fed  to  the  final  receiver. 

1  Present  affiliation,  U.  S. 

Naval  Reserve. 


The  maximum  capacity  of  the  unit  illustrated,  with  60  cm. 
(2  feet)  of  32-gage  Nichrome  wire  in  the  heater,  is  4  to  5  cc. 
per  minute,  the  requirement  noted  above.  Increase  of  this 
maximum  may  be  obtained  by  increase  of  electrical  input 
(limited  in  the  illustrated  unit  only  by  heater  design) . 

Description  of  Apparatus 

As  shown  in  Figure  1,  two  main  units  are  involved:  a  still  and 
condenser  combination,  and  a  U-tube  feeding  device.  The  ma¬ 
terial  to  be  fed  is  discharged  from  the  left-hand  arm  of  this  latter 
tube,  11,  into  any  desired  receiver.  Into  the  right-hand  arm,  9, 
is  fed  water,  or  other  suitable  liquid,  condensed  from  vapor  as  de¬ 
livered  by  the  still.  These  two  liquids  are  separated  by  a  denser 
fluid  in  the  bottom  of  the  U-tube,  carbon  tetrachloride  in  the 
illustrated  unit.  Liquid  delivered  to  the  top  of  the  right-hand 
arm  will  raise  the  level  of  the  carbon  tetrachloride  in  the  left-hand 
arm,  thereby  causing  the  discharge  from  the  top  of  a  volume  of 
liquid  equivalent  to  the  rise  in  level  multiplied  by  the  cross  section 
of  the  tube. 

Details.  The  still,  1,  is  an 
ordinary  Dewar  flask,  so  that 
radiation  is  minimized  and  rates 
of  vaporization  depend  solely 
upon  electrical  input.  Flask  ca¬ 
pacity  should  be  that  of  the 
amount  of  water  which  must 
be  vaporized,  plus  an  amount 
to  keep  the  heater  covered,  plus 
a  suitable  disengaging  area  above 


1. 

2. 

3. 

4. 

5. 

6. 


Figure  1. 

Insulated  flask 
Thermometer 
Water  level  gage 
Safety  tube 
Heating  unit 
Electric  leads 


Diagram  of  Assembled  Apparatus 

7.  Slide-wire  resistance 

8.  Condenser 

9.  Receiver  tube 

10.  Drain 

11.  Delivery  tube 


12.  Glass  lip 
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the  liquid  surface  to  prevent  entrainment.  The  amount  of  liquid 
to  be  vaporized,  which  may  be  calculated  from  the  equations  pre¬ 
sented  at  the  end  of  the  paper,  will  vary  with  density  of  the  three 
fluids  involved,  and  with  the  cross  sections  of  the  two  arms  of  the 
U-tube.  The  still  is  equipped  with  any  type  of  electrical  sub¬ 
mergence  heater.  Because  of  the  present  shortage  of  equipment, 
the  heater  used  consisted  of  a  length  of  fine  resistance  wire 
wound  on  a  glass  tube,  5,  one  lead  emerging  from  the  inside  of  the 
tube.  An  ordinary  knife  heater  would  be  suitable,  although 
occupying  more  space.  The  level  indicator,  3,  consists  of  a  piece 
of  cork  into  which  a  straight  length  of  wire  of  moderately  heavy 
gage  is  fastened.  The  top  of 
the  wire  projects  above  the  top 
of  the  flask  and  is  enclosed  in 
a  glass  tube  with  a  sealed  top. 

A  long  open  tube,  4,  acts  as  a 
pressure  safety  valve.  Figure  1 
also  indicates  a  thermometer,  2, 
extending  through  a  cork  into 
the  liquid  in  the  still.  Its  pur¬ 
pose  is  only  convenience  in  the 
prediction  of  the  imminence  of 
boiling. 

Control  of  the  heat  supplied 
to  the  still  may  be  regulated  by 
any  combination  of  resistances 
or,  preferably,  by  some  instru¬ 
ment  similar  to  a  Variac  trans¬ 
former  which  contains  a  gradu¬ 
ated  scale.  If  resistances  are 
used,  a  scale  should  be  mounted 
to  indicate  position  of  the  slides. 

Ordinary  110-volt  alternating 
current  circuits  have  been  found 
to  be  a  suitable  energy  source. 

The  small  variations  in  power 
factor  and  voltage  did  not  pro¬ 
duce  a  measurable  effect  in 
vaporization  rates. 

Two  features  of  the  U-tube 
are,  first,  the  drain,  10,  at  the 
bottom  of  the  U  to  facilitate  re¬ 
charging  and  cleaning,  and,  sec¬ 
ond,  the  lip  and  wick  combina¬ 
tion,  12,  on  the  discharge  from  the 
left-hand  arm.  The  lip  serves  to 
direct  the  flow  into  the  receiver. 

The  wick  lies  on  the  bottom  of  the  outlet  tube  and  eliminates 
fluctuations  in  flow  by  preventing  periodic  accumulation  and 
discharge  which  would  otherwise  be  occasioned  by  surface  tension. 

As  shown  in  Figure  2,  it  is  possible  to  vary  the  cross  sections 
of  the  two  arms  of  the  U-tube.  Such  variation  will  result  in  a 
marked  change  in  the  ratio  of  volume  of  the  condensate  de¬ 
livered  from  the  still  to  that  of  liquid  discharged  from  tube  11. 
The  desirability  of  such  variation  can  readily  be  determined 
by  consideration  of  the  discharge  equations  presented  below. 
Ail  interfaces  must  travel  at  all  times  in  a  uniform  cross  sec¬ 
tion  to  provide  uniform  discharge.  Thus,  in  Figure  2,  water 
is  shown,  prior  to  operation,  standing  on  top  of  the  heavy 
liquid  to  position  x,  this  position  to  be  located  in  the  con¬ 
stricted  but  uniform  top  portion  of  the  tube  with  the  heavy 
liquid  interface  at  g. 

Calibration 

A  few  determinations  of  discharge  rate  vs.  rheostat  (or 
Variac)  position  will  serve  as  a  calibration.  With  a  uni¬ 
formly  wound  series  resistance  the  calibration  plot  may  be 
made  a  straight  line  if  the  reciprocal  of  discharge  is  plotted  vs. 
linear  position  on  the  rheostat.  Calibration  of  the  instru¬ 
ment  illustrated  is  shown  in  Figure  3. 

Reproducibility  of  discharge  rate  at  the  same  resistance 
reading  is  excellent,  as  Table  I  indicates.  Prior  to  each  de¬ 
termination  of  discharge  rate,  the  contact  of  the  rheostat 
was  moved  from  and  returned  to  the  given  setting. 

Operation 

The  U-tube  is  filled  with  a  heavy  liquid  and  the  left-hand  side 
charged  with  the  material  to  be  fed.  Since  the  first  few  seconds 


Table  I.  Reproducibility  of  Discharge  Rate 


Slider 

Volume 

Time 

Volume 

M  aximum 

Setting 

Coilected 

Required 

Rate 

Variation 

Cc. 

Sec. 

Cc./min. 

% 

(1)  o 

5.0 

420.3 

0.714 

0 

5.0 

417.0 

0.720 

0.8 

0 

5.0 

417.9 

0.718 

(2)  5 

5.0 

335.8 

0.895 

1.1 

5 

5.0 

339.7 

0.885 

(3)  10 

5.0 

250.0 

1.200 

10 

5.0 

250.6 

1.200 

0.8 

10 

5.0 

248.0 

1.210 

(4)  14 

10.0 

•  308.5 

1.945 

14 

10.0 

-308.5 

1.945 

0.4 

14 

10.0 

307.5 

1.953 

of  operation  usually  give  irregular  results,  this  last  fluid  should  be 
charged  in  sufficient  quantity  to  bring  the  level  nearly,  but  not 
exactly,  to  the  point  of  discharge.  The  short  time  thereby  al¬ 
lowed  after  vaporization  commences  in  the  still  before  fluid  flows 
from  the  left  arm  of  the  U-tube  will  be  sufficient  to  prevent  these 
initial  irregularities  from  influencing  the  otherwise  constant  de¬ 
livery  rate. 

The  still  is  also  charged  with  the  requisite  amount  of  fluid,  pre¬ 
sumably  water,  and  current  is  passed  to  the  heater.  As  the 
temperature  of  the  fluid  in  the  still  nears  the  boiling  point,  current 
is  regulated  to  the  point  which,  by  previous  calibration,  is  shown 
to  correspond  to  the  desired  delivery  rate. 

Equation  for  Volume  Rate  of  Discharge 

An  equation,  derived  below,  relates  the  dimensions  of  the 
apparatus,  properties  of  fluids  involved,  and  the  rate  of  feed 
at  B,  to  the  desired  delivery  rate  at  A  (see  Figure  1) .  Limita¬ 
tions  placed  on  the  equations  are : 

1.  The  diameter  of  the  main  body  of  tube  B  equals  the 
diameter  of  tube  A. 

2.  The  top  interface  of  the  heavy  liquid  on  side  B  (see  Figure 
1)  never  goes  below  the  point  of  constriction  h. 

3.  When  the  special  design  of  tube  B  (Figure  2)  is  used,  the 
liquid  interface  is  never  below  point  of  constriction  /  nor  above 
that  at  g. 


o  /  *  3  6  7  6  9  /0//**.  /3/4-/S 

7?£TS/S  TA/VC£  *4T  rr/A/G 

Figure  3.  Calibration  Curve 

Rate  of  discharge  vs.  resistance  position 


Limitations  2  and  3  must  be  maintained  for  constant  de¬ 
livery  rates.  Limitation  1  is  not  required  but  is  convenient 
in  obtaining  a  simple  equation. 

If  the  surface  of  the  heavy  liquid  moves  down  a  distance 
AX  in  side  B,  the  general  equation  for  static  displacement,  as 
calculated  by  hydrostatics,  is 


Figure  2.  SpeclalForm 
Tube  B 
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(b  -f-  A  X)pb  =  (ffl  —  A  X)pa  +  2pc  AX 


or 


b  = 


apA 


+  AX (2  pc  —  pa  —  pb ) 


Pb 


(1) 


b,  a,  and  AX  are  dimensions  shown  in  Figure  1,  pA  and  pB 
are  the  densities  of  the  liquids  in  sides  A  and  B,  and  pc  is  the 
density  of  heavy  liquid. 

Let  Li  be  the  volume  rate  at  which  light  liquid  is  introduced 
at  B  and  let  tube  B  be  designed  as  shown  in  Figure  2.  Then, 
since  AX  is  the  displacement  of  the  heavy  liquid  at  C,  the 
volume  of  light  liquid  entering  tube  B  is  A  AX,  where  A  is  the 
cross  section  of  tube  B  where  its  diameter  is  D. 

Of  the  liquid  charged,  Lx  —  A  AX  remains  to  increase  head  b 
and  this  increase,  A b,  may  be  written 


A  b  = 


Lx  —  A  AX 


where  a  is  the  cross  section  of  tube  B  where  diameter  is  d. 
From  Equation  1 


Ab  =  (&£ - P_a - Pb ^  AZ 


\  Pb 

Lx  =  (2Pc  ~  PpA  ~  PB)  a  AX  +  A  AX 


and 


A  AX  =  Lit  since  Da  =  Db 
Dividing  Lx  by  L2 


Lx  —  Li 


(2  Pc  —  Pa  —  PB)a  +  Apb 

PbA 


or 


Lx  =  L' 


(2  Pc  —  Pa  —  PB){d/Dy  +  Pb 


Pb 


(2) 


If  the  design  is  that  shown  in  Figure  1,  with  tubes  A  and  B 
of  equal  and  uniform  diameter,  Equation  2  simplifies  to 


^  &  -  0 + 11 


In  this  case,  the  capacity  of  the  still  must  be  increased  for  a 
given  delivery  rate,  L2. 


Methylene  Chloride 

In  the  Extraction  and  Determination  of  Vitamin  A  and  Oil  in  Soupfin  Shark  Livers 

PAUL  C.  TOMPKINS  AND  RENE  A.  BOLOMEY 
Department  of  Chemistry,  Stanford  University,  Calif. 


PEROXIDE-free  diethyl  ether  is  generally  employed 
in  the  extraction  of  vitamin  A-containing  oils  derived 
from  fish  livers.  This  solvent  interferes  with  the  Carr- 
Price  (1)  and  the  Rosenthal-Erdelyi  ( 6 ,  7)  colorimetric  re¬ 
actions  used  to  determine  the  potency  of  the  oil,  and  must  be 
removed.  Furthermore,  to  prevent  an  appreciable  destruc¬ 
tion  of  the  vitamin  it  has  been  found  necessary  to  evaporate 
the  solvent  in  an  oxygen-free  atmosphere  (3). 

The  present  investigation  shows  that  if  diethyl  ether  is 
replaced  by  methylene  chloride  in  the  extraction  process, 
several  advantages  are  realized.  The  time  required  for  rou¬ 
tine  colorimetric  determinations  is  considerably  reduced,  since 
the  solvent  containing  the  oil  may  be  directly  added  to  the 
chloroform  solution  of  antimony  trichloride.  The  possibilities 
of  vitamin  A  destruction  are  reduced  by  eliminating  the 
necessity  of  removing  the  solvent  and,  therefore,  better  agree¬ 
ment  between  duplicate  results  can  be  obtained  with  methyl¬ 
ene  chloride  than  with  ether  extraction.  In  addition, 
“refrigeration  grade”  methylene  chloride  may  be  used  without 
further  purification. 

Experimental 

The  potency  of  pooled  oils  and  of  oils  obtained  from  individual 
soupfin  shark  liver  samples  was  determined  by  the  Carr-Price 
reaction,  its  Rosenthal-Erdelyi  modification,  and  ultraviolet 
absorption.  In  each  case  the  dilution  principle  advocated  by 
Norris  and  Church  (5)  was  employed.  The  color  intensity 
of  the  Carr-Price  reaction  was  measured  at  620  rap  with  a  Coleman 
10-S  spectrophotometer  (5  mu  slit  width),  while  that  of  the 
Rosenthal-Erdelyi  reaction  was  evaluated  with  a  Klett-Sum- 
merson  photoelectric  colorimeter  equipped  with  a  green  (No.  54) 


filter.  The  ultraviolet  absorption  was  determined  at  328  m^  with 
a  Beckman  quartz  prism  spectrophotometer,  using  isopropanol 

as  the  solvent.  .  , 

Each  instrument  was  standardized  against  the  same  natural 
vitamin  A  ester  concentrate.  The  potency  of  the  concentrate 
was  established  spectrographically  by  Distillation  Products, 
Inc.,  and  was  confirmed  in  this  laboratory  using  the  Beckman 
spectrophotometer.  The  Beckman  and  the  Coleman  spectro¬ 
photometers  were  calibrated  with  potassium  chromate  solutions 
as  recommended  by  Wilkie  (10). 

Methylene  Chloride  and  Chloroform  in  the  Carr-Price 
and  Rosenthal-Erdelyi  Reactions.  A  sample  of  extracted 
soupfin  shark  liver  oil  (about  0.25  gram)  was  weighed  in  a  tared 
25-ml.  volumetric  flask.  The  experimental  sample  was  dissolved 
in  methylene  chloride  and  the  control  in  chloroform.  Both 
samples  were  further  diluted  as  required  and  were  treated  with 
a  chloroform  solution  of  antimony  trichloride  prepared  according 
to  the  method  of  Koehn  and  Sherman  (4).  The  resulting  con¬ 
centration  of  methylene  chloride  in  the  experimental  series 


Table  I.  Comparison  of  Chloroform  and  Chloroform 
Methylene  Chloride  as  Solvents  in  the  Colorimetric 


Assay  of  Vitamin  A 

Colorimetric  Determinations 

Chloroform- 

Oil 

methylene 

Reaction 

Pool 

Chloroform 

chloride 

I.  U./g. 

I.  U./g. 

Rosenthal-Erdelyi 

3 

4 

42,900 

386,000 

42,500 

388,000 

X 

5,350 

5,400 

Carr-Price 

3 

4 

41,800 

370,000 

39,300 

369,000 

5 

166,000 

166,100 

X 

6,100 

6,200 
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amounted  to  10  per  cent  by  volume.  The  same  conversion 
factor  was  used  to  calculate  the  potency  of  both  series  shown 
in  Table  I. 

Methylene  Chloride  Extraction  of  Oil  and  Vitamin  A. 
Methylene  chloride  was  compared  with  ether  in  the  extraction 
of  oil  and  vitamin  A  from  shark  livers.  Liver  samples  previously 
frozen  in  dry  ice  were  homogenized  in  a  Waring  Blendor  and  2-  to 
3-gram  aliquots  were  extracted  by  the  short  method  of  Stansby 
and  Lemon  (<§).  A  5-  or  10-ml.  aliquot  of  the  supernatant  solu¬ 
tion  was  evaporated  to  dryness  in  a  tared  50-ml.  beaker  and  the 
percentage  of  oil  in  the  liver  was  calculated  from  Formula  3. 

When  methylene  chloride  was  used  as  the  extracting  agent, 
a  1-ml.  aliquot  of  the  extract  was  diluted  with  chloroform  for  the 
colorimetric  procedures,  or  with  isopropanol  for  direct  absorption. 
Ether,  when  used  as  the  extractant,  was  removed  from  the 
aliquot  by  immersing  the  flask  in  a  40°  to  50°  C.  water  bath  and 
blowing  a  stream  of  an  inert  gas  (methane)  over  the  solution. 
The  ether-free  oil  was  then  diluted  to  25  ml.  with  the  appropriate 
solvent  and  the  weight  of  oil  in  each  aliquot  was  calculated  from 
Formula  2.  Typical  results  are  shown  in  Table  II. 

Calculation  of  Results.  [The  procedure  of  relative 
aliquots  for  the  simultaneous  evaluation  of  oil  and  vitamin  A 
in  a  determination  is  that  used  in  the  Technical  Fisheries 
Laboratory,  U.  S.  Department  of  Interior,  Seattle,  Wash. 
(2)-] 

If  the  aliquot  method  outlined  above  is  used,  one  must 
bear  in  mind  that  the  volumes  of  solvent  and  oil  are  nearly 
additive.  The  volume  of  solvent  in  any  given  aliquot  is 
then  calculated  from  the  approximate  formula : 


(1) 


where  V„  is  the  volume  of  solvent,  Va  is  the  aliquot  volume, 
Wo  is  the  weight  of  oil,  and  D  is  the  average  density  of  the 

oil. 

Using  the  value  for  Vs  as  determined  in  Formula  1,  the  oil 
extracted  by  100  ml.  of  solvent  may  be  found  from : 

Wo  X  100 

V. 

and  the  percentage  of  oil  in  the  original  sample  becomes: 

Wo  X  100  100 

F8  X  Wl  {6) 


where  Wl  is  the  weight  of  the  liver  sample. 

The  percentage  of  oil  determined  and  calculated  in  this 
manner  was  in  agreement  with  values  obtained  by  Soxhlet 
extraction,  and  vitamin  A  potencies  were  in  agreement  with 
determinations  made  on  weighed  samples  of  the  extracted 
oil. 


Discussion 

Wokes  and  Willimott  (11)  studied  the  antimony  trichloride- 
vitamin  A  reaction  in  solvents  other  than  chloroform.  They 
dissolved  not  only  the  oil,  but  also  the  antimony  trichloride 
in  these  solvents.  In  all  cases  the  sensitivity  of  the  reaction 
was  diminished,  making  the  substitution  inadvisable  for  many 
investigations.  It  was  found  in  this  laboratory  that  anti¬ 
mony  trichloride  was  more  readily  soluble  in  methylene 
chloride  than  in  chloroform.  This  advantage  was  offset 
by  the  fact  that  the  resulting  color  intensity  was  30  per  cent 
less;  however,  partial  substitution  of  methylene  chloride 
for  chloroform  had  no  effect  on  the  sensitivity  of  the  re¬ 
action,  as  shown  in  Table  I. 

According  to  the  results  shown  in  Table  II,  methylene  chlo¬ 
ride  is  as  efficient  as  ether  in  the  extraction  of  oil  and  vitamin 
A.  Although  no  benefit  is  gained  in  the  subsequent  ultra¬ 
violet  method  of  assay,  a  distinct  advantage  is  realized  in 
colorimetric  procedures.  Moreover,  better  agreement  can 
be  obtained  between  duplicate  determinations  when  methyl¬ 


ene  chloride  is  used  in  place  of  ether.  The  essential  validity 
of  this  substitution  is  indicated  in  the  agreement  between 
the  results  obtained  by  the  physical  and  chemical  methods  of 
analysis. 

Attempts  to  use  methylene  chloride  to  extract  the  un- 
saponifiable  fraction  proved  unsatisfactory,  since  persistent 
emulsions  were  encountered.  Oils  of  potency  less  than  10,000 
I.  U.  per  gram  are  seldom  received  in  this  laboratory  and, 
therefore,  saponification  is  required  in  but  very  few  cases. 

Even  though  methylene  chloride  is  less  volatile  than  diethyl 
ether,  great  care  in  handling  this  solvent  is  required  to  prevent 
loss  by  evaporation.  Moreover,  because  of  the  toxicity  of 
this  solvent  all  operations  should  be  conducted  in  a  well- 
ventilated  place.  Attempts  are  being  made  by  others  in 
this  laboratory  to  find  solvents  which  will  reduce  these  dis¬ 
advantages. 

Confirmation  of  the  value  of  methylene  chloride  in  ex¬ 
tracting  oils  containing  vitamins  is  afforded  in  the  proposed 
method  of  the  U.  S.  Pharmacopoeia  (9)  for  the  assay  of  cap¬ 
sules  of  halibut  liver  oil. 


Table  II.  Comparison  of  Ether  and  Methylene  Chloride 
in  the  Extraction  of  Oil  and  Vitamin  A 


Oil  in  Liver  Vitamin  A“ 


Methylene 

Assay 

Methylene 

Sample 

Ether 

chloride 

Method 

Ether 

chloride 

% 

I.  U./g. 

I.  U./g. 

2 

56.0 

55.2 

C-P  b 
R-E  c 

12V, 400 

134,500 

U-V  d 

132,000 

134,800 

4 

61.1 

61.5 

C-P 

112,600 

106,000 

R-E 

115,200 

113,000 

U-V 

109,800 

108,200 

5 

60.3 

59.7 

C-P 

104,000 

104,000 

R-E 

104,000 

101,000 

U-V 

105,500 

104,700 

118 

79.6 

79.3 

C-P 

234,000 

236,000 

R-E 

232,000 

233,000 

U-V 

120 

68.2 

68.5 

C-P 

27,000 

27,200 

R-E 

27,000 

26,900 

U-V 

122 

.  70.4 

70.6 

C-P 

32,950 

33,100 

R-E 

33,400 

33,000 

U-V 

... 

126 

53.0 

53.3 

C-P 

184,700 

185,000 

R-E 

183,500 

183,000 

U-V 

°  Assays  for  a  given  sample  were  run  on  aliquots  of  same  extract. 
b  Carr-Price. 
c  Rosenthal-Erdelyi.  _ 
d  Ultraviolet  absorption. 


Summary 

Methylene  chloride  is  comparable  to  ether  for  the  extraction 
of  oil  in  soupfin  shark  livers,  but  not  for  the  separation  of  the 
unsaponifiable  fraction.  Vitamin  A  may  be  determined 
directly  on  an  aliquot  of  the  methylene  chloride  extract. 
Through  the  use  of  methylene  chloride  it  is  possible  further 
to  simplify  an  already  rapid  routine  method  for  the  simul¬ 
taneous  determination  of  oil  and  vitamin  A  in  these  livers. 
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This  investigation  is  incidental  to  a  survey  on  the  vitamin  A  potency  of  soup- 
fin  shark  livers.  The  survey  is  part  of  a  program  investigating  the  entire 
California  soupfin  shark  fishery  and  is  conducted  by  the  California  Division 
of  Fish  and  Game. 


Rapid  Determination  of  Sodium  Chloride  in  the 

Presence  of  Protein 

Application  to  Salt-Cured  Food  Products 


W.  J.  DYER,  Atlantic  Fisheries  Experimental  Station,  Halifax,  N.  S.,  Canada 


Sodium  chloride  in  protein-containing  ma¬ 
terial  and  solutions  is  determined  by  direct 
titration  with  0.0856  N  silver  nitrate,  using 
dichlorofluorescein  as  an  adsorption  indi¬ 
cator  (40  to  100  mg.  of  sodium  chloride  in 
a  volume  of  400  ml.).  A  0.2  N  sodium 
acetate-acetic  acid  buffer  of  pH  4.5  is  added 
to  the  solution  or  minced  sample  and 


allowed  to  stand  or  boiled  and  cooled. 
The  salt  is  completely  extracted  from  the 
sample  and  it  is  shown  that  silver  is  not 
adsorbed  by  the  protein  present  at  this 
hydrogen-ion  concentration.  Results  ob¬ 
tained  agree  closely  with  the  common 
Volhard  method  of  digestion  with  nitric 
acid  in  the  presence  of  silver  nitrate. 


PROTEIN  interferes  in  all  the  usual  methods  for  the  de¬ 
termination  of  chloride,  and  must  be  removed  by  some 
wet-  or  dry-ashing  procedure.  This  requires  considerable 
time  and  inconvenience  when  large  numbers  of  routine  de¬ 
terminations  are  to  be  carried  out.  Attempts  to  remove  pro¬ 
tein  by  various  precipitants  have  not  been  satisfactory  ( 2 ). 

Recently,  adsorption  indicators  have  come  into  common 
use  for  the  direct  titration  of  halide  ions,  and  in  relatively 
simple  solutions  the  method  is  very  much  more  rapid  and 
equally  as  accurate  as  the  common  Volhard  procedure  in 
which  the  chloride  is  precipitated  by  addition  of  silver  ni¬ 
trate,  and  the  excess  silver  ion  titrated  with  thiocyanate 
(1,3,12). 

Dichlorofluorescein  seems  to  be  the  most  suitable  adsorp¬ 
tion  indicator  for  the  chloride  ion  in  dilute  solution  ( 6 ,  7,  9, 
10).  Here  also,  low  results  are  obtained  in  the  presence  of 
protein,  apparently  because  of  an  adsorption  of  silver  on  the 
protein  ( 6 ,  11). 

In  fish  muscle  the  principal  proteins  have  isoelectric  points 
at  about  pH  5  and  6  ( 8 ),  and  it  was  reasoned  that  this  adsorp¬ 
tion  should  be  at  a  minimum,  and  negligible  in  amount,  at  a 
hydrogen-ion  concentration  near  the  isoelectric  point  of  the 
protein  micelles.  Muscle  suspensions  and  extracts  were 
titrated  in  sodium  acetate  and  phosphate  buffer  solutions  over 
the  range  pH  3  to  9.  Theoretical  results  were  obtained  between 
about  pH  4  and  4.8  in  the  presence  of  protein,  while  in  pure 
salt  solution  the  indicator  was  satisfactory  between  pH  4  and 
7.  Results  have  been  checked  on  salt  fish,  canned  fish,  fish 
meals,  bacon,  etc.,  and  on  pickles  and  brines.  The  optimum 


pH  range  was  from  4.3  to  4.8  in  each  case,  and  the  method  as 
finally  developed  was  found  to  be  entirely  satisfactory  from 
an  analytical  standpoint.  In  the  author’s  experience,  the  use 
of  organic  solvents  as  sometimes  recommended  did  not  result 
in  any  improvement  over  the  above  method. 


Reagents 

Dichlorofluorescein  indicator,  0.1  per  cent  in  50  per  cent 

itllRDol.*  . .  ,  ,  j 

Acetate  buffer,  equal  volumes  of  0.2  N  sodium  acetate  and 
).2  N  acetic  acid,  adjusted  to  pH  4.5  (±0.2)  if  necessary 

Silver  nitrate,  14.52  grams  in  1000  ml.  of  solution  standardized 
igainst  pure  dry  sodium  chloride,  1  ml.  =  5  mg.  of  IS  aCl. 

Procedure 

Pickles  and  Solutions.  To  an  aliquot  of  solution  con¬ 
taining  about  40  to  100  mg.  of  sodium  chloride  add  approxi¬ 
mately  20  ml.  of  acetate  buffer  solution,  and  dilute  to  about  400 
ml.  with  distilled  water.  Add  10  drops  of  indicator  and  titrate 
vith  the  silver  nitrate  solution,  while  slowly  swirling  the  flask, 
intil  a  pinkish  red  coloration  appears  throughout  the  solution. 
Titration  must  be  fairly  rapid,  since  the  adsorption  of  the  dye 
considerably  increases  the  light-sensitivity  of  the  colloidal  silver 
chloride,  thereby  rapidly  increasing  the  rate  of  aging  and  de¬ 
creasing  the  sharpness  of  the  end  point.  If  the  pickle  contains 
much  protein,  a  much  sharper  end  point  will  be  obtained  if  the 
solution  is  boiled  for  a  minute  or  more  after  addition  ot  tne 
buffer  and  cooled  to  20°  C.  before  dilution  and  titration. 

Salt  Fish  and  Other  Cured  Food  Products.  A  weU- 
comminuted  sample  is  mixed  with  25  ml.  of  buffer,  and  diluted 
to  about  75  ml.  with  water.  The  mixture  is  boiled  for  a  few 
minutes,  and  cooled.  The  whole  may  then  be  diluted  to  400 
ml.  and  titrated  as  before,  or  the  solution  may  be  made  to  100 
ml.  and  an  aliquot  of  the  supernatant  liquid  used  for  the  titra- 
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tion.  The  weight  of  sample  used  will  depend  on  the  salt  content 
and  degree  of  subdivision  of  the  sample.  If  it  is  desirable  to 
use  a  large  sample  for  the  sake  of  uniformity  in  sampling,  the 
titration  of  an  aliquot  containing  40  to  100  mg.  is  the  preferable 
procedure.  Either  fresh  or  dried  samples  may  be  used,  so  that 
moisture  and  salt  analyses  are  often  conveniently  made  on  the 
same  sample.  If  a  0.5-gram  sample  is  used,  as  is  convenient  with 
salt  fish,  the  percentage  salt  content  is  read  directly  on  the 
buret,  1  ml.  being  equivalent  to  1  per  cent  of  sodium  chloride 
in  the  original  material. 


Table  I.  Recovery  of  Added  Sodium  Chloride 


Sample 

NaCl  Added 

NaCl  Found 

Recovery  of 
Added  NaCl 

Mg. 

Mg. 

% 

Fresh  cod,  0.5  gram 

0 

0.5“ 

25 

25.3 

ioi 

50 

51.0 

101 

Light  salt  cod,  0.5  gram 

0 

60.0 

25 

85.2 

ioi 

50 

109.5 

99 

75 

135.0 

100 

Hard  salt  cod,  0.5  gram 

0 

97.5 

25 

122.0 

'98 

75 

170.3 

97 

“  Volhard  method. 


Results  and  Discussion 

A  series  of  titrations  was  conducted  on  pure  sodium  chlo¬ 
ride  solutions  and  on  extracts  of  salt  fish  and  of  fish  meal  with 
sodium  chloride  added,  over  a  range  of  pH  3  to  8  in  sodium 
acetate  and  phosphate  buffers.  The  results  are  shown  in 
Figure  1. 


f,H 

Figure  1.  Influence  of  pH  on  Titration  End  Point 
1  ml.  of  AgNOa  soln.  =  5  mg.  of  NaCl 

A.  Standard  solution  of  sodium  chloride.  Titer  =  11.60  ml. 

B.  Standard  solution  of  sodium  chloride  -j-  1  gram  of  fresh  cod  muscle. 

Titer  =  11.80  ml. 

C.  Standard  solution  of  sodium  chloride  -f-  extract  of  1  gram  of  fish 

meal.  Titer  ■=  17.60  ml. 

Dotted  lines  show  indefinite  end  points — approximate  limits  shown. 


At  acidities  below  pH  4  the  indicator  showed  no  color 
change,  and  above  pH  7.5  the  change  became  indefinite, 
an  orange-yellow  or  yellow  color  being  obtained.  In  the 
presence  of  protein  the  end  point  becomes  indefinite  above 
approximately  pH  6,  at  an  acidity  just  below  the  point  where 
an  increased  adsorption  of  silver  occurs.  The  amount  of 
silver  and  dye  ions  adsorbed  by  the  protein  increases  as  the 
solution  is  made  more  alkaline,  and  thus  no  definite  end 
point  is  obtained  in  this  range. 


It  is  indeed  shown  that  between  pH  4  and  5  a  range  prob¬ 
ably  slightly  more  acid  than  the  isoelectric  point  of  the  known 
proteins  present,  little  or  no  adsorption  of  silver  or  of  chloride 
occurs.  In  solutions  containing  considerable  soluble  protein, 
such  as  those  from  fish  meal  where  the  salt  content  is  low  and 
consequently  a  high  dilution  cannot  be  used,  a  pH  of  4.2  to 
4.8  gives  results  agreeing  with  the  Volhard  method.  A  buffer 
of  pH  4.5  was  accordingly  selected  for  routine  use. 

This  indicates  that  cod  and  haddock  muscle  has  an  apparent 
isoelectric  point  near  pH  4.5.  Other  work  on  the  salting  of 
cod  muscle  (4)  has  also  shown  an  apparent  isoelectric  point 
between  pH  4.0  and  4.5.  Further  study  of  the  proteins  pres¬ 
ent  is  needed,  although  the  isoelectric  point  does  not  neces¬ 
sarily  coincide  with  the  point  of  minimal  acid  and  base-bind¬ 
ing  capacity  (5). 

Recoveries  of  added  sodium  chloride  are  shown  in  Table  I 
and  agreement  of  results  with  those  of  the  standard  Volhard 
method  in  Table  II,  on  samples  of  salt  cod,  fish  meal,  and 
bacon.  The  fish  meal  samples  were  analyzed  by  boiling  a 
suspension  of  5  grams  of  meal  in  100  ml.  of  buffer  and  water, 
then  adding  50  mg.  of  sodium  chloride  (standard  solution), 
to  a  20-ml.  aliquot  of  the  suspension.  Otherwise  the  salt  con¬ 
tent  was  too  low,  and  insufficient  colloidal  silver  chloride  was 
formed  to  allow  easy  observation  of  the  end  point. 


Table  II.  Comparison  of  Adsorption  Indicator  and 
Volhard  Methods 


Sample 


Hard  salt  cod,  0.5  gram 
Light  salt  cod,  0.5  gram 
Bacon,  5  grams 
Fish  meal,  cod 
Fish  meal,  herring 


Sodium  Chloride  Found 
Adsorption  indicator  Volhard 


% 


% 


19.8  (  ±0.2)° 
11.3  (±0.2)“ 
1.30  (±0.03) 
3.00,  2.95 
0.75,  0.70 


19.9  (±0.3)“ 
11.2  (  ±0.2)“ 
1.31  (±0.03) 
2.93,  2.91 
0.72,  0.73 


“  Average  of  4  determinations. 


Recovery  of  added  salt  is  very  satisfactory,  and  the  results 
agree  with  the  standard  method. 

Complete  extraction  of  salt  from  a  minced  sample  by  the 
buffer  solution  was  obtained.  Boiling  for  2  to  5  minutes, 
followed  by  cooling  to  room  temperature,  gave  the  same  re¬ 
sults  as  extracting  for  approximately  3  hours  at  room  tempera¬ 
ture,  and  the  end  point  was  considerably  more  satisfactory. 
Decreasing  the  extraction  time  to  less  than  3  hours  at  room 
temperature  resulted  in  incomplete  extraction,  as  found  by 
comparison  with  the  wet-digestion  methods. 

The  presence  of  fat  or  oil  in  fish  meal  or  meats  had  no  in¬ 
fluence  on  the  results.  The  method  has  been  in  continuous 
use  for  more  than  a  year  in  the  research  and  routine  analyses 
of  salt  fish  and  other  fishery  products. 
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Spectrophotometric  and  Biological  Assay 

of  Vitamin  A  in  Oils 

N.  H.  COY,  H.  L.  SASSAMAN,  AND  ARCHIE  BLACK 
E.  R.  Squibb  &  Sons,  New  Brunswick,  N.  J. 


IN  AN  earlier  publication  (2)  comparisons  were  made  be¬ 
tween  the  biological  and  spectrophotometric  methods  of 
assay  of  vitamin  A  in  a  series  of  fish  liver  oils.  Since  that 
publication  a  new  U.  S.  P.  reference  cod  liver  oil  for  biological 
assay  of  vitamin  A  has  been  introduced.  Spectrophotometric 
tests  on  the  stability  of  this  reference  have  been  performed 
and  new  comparisons  between  the  two  methods  of  assay  have 
been  made. 


Experimental  Procedure 

Physical.  The  instrument  used  was  a  Judd  Lewis  ultra¬ 
violet  photometer  with  the  different  photometer  units,  including 
the  source,  rigidly  mounted  to  the  frame  of  a  medium  Bausch  & 
Lomb  ultraviolet  spectrograph.  The  light  source  was  a  tungsten- 
steel  spark.  The  density  scale  of  the  lower  sector  of  the  photom¬ 
eter  was  calibrated  over  a  range  of  density  values  of  0.60  to  1.00 
against  three  different  concentrations  of  potassium  chromate 
solution  for  each  sample  tested.  Isopropanol  was  used  as  a  sol¬ 
vent  for  all  the  oils.  Two  weighings  and  two  dilutions  of  each 
weighing  were  made  for  each  sample.  Match  points  were  read 
from  the  image  (magnification  factor  6)  of  the  plate  projected  on 
a  white  screen  by  a  modified  Bausch  &  Lomb  projector. 

The  assays  of  the  oils  of  lower  potency  were  made  on  the  un¬ 
saponifiable  fractions  and  in  some  cases  also  on  the  whole  oils. 
Two  methods  of  saponification  (2)  w  ere  used  for  each  oil. 

Biological.  The  U.  S.  P.  XI  procedure  was  followed  in  all 
cases  and  the  oils  were  handled  in  the  manner  previously  reported 
(2). 


Table  I.  U.  S.  P.  Reference  Cod  Liver  Oil  2 


1  cm. 

(Unsaponifiable 

F1  70 

L\  cm. 

No. 

Fraction) 

No. 

(Whole) 

1 

0.78 

1 

0.86 

2 

0.83 

2 

0.86 

3 

0.75 

3 

0.86 

4 

0.75 

4 

0.86 

5 

0.81 

5 

0.88 

6 

0.69 

6 

0.85 

7 

0.70 

7 

0.85 

8 

0.70 

8 

0.82 

9 

0.71 

9 

0.79 

10 

0.69 

10 

0.86 

11 

0.73 

11 

0.85 

12 

0.74 

E^°^°  =  0.85  (coefficient  of 

13 

0.77 

cm-  variation  2.8 

14 

0.76 

e\°^°  =  0 . 74  (coefficient  of  variation  5.95) 

1  cm. 

Conversion  factor  (unsaponifiable  fraction),  2300 

Conversion  factor  (whole),  2000 

Based  on  value  of  1700  U.  S.  P.  per  gram. 


Table  II.  Stability  of  U.  S.  P.  Reference  Cod  Liver  Oil  2 


Bottle 

b!% 

No.  of 

No. 

Date 

1  cm. 

Measurements 

1 

11/1/40 

0.79  (unsaponifiable  fraction) 

1 

0.86  (whole) 

1 

12/1/40 

0.79  (unsaponifiable  fraction) 

1 

0.88  (whole) 

1 

2 

4/4/41 

0.77  (unsaponifiable  fraction) 

3 

0.87  (whole) 

3 

4/6/42 

0.68  (unsaponifiable  fraction) 

3 

0.82  (whole) 

3 

3 

4/7/41 

0.72  (unsaponifiable  fraction) 

1 

0.84  (whole) 

1 

11/7/41 

0.64  (unsaponifiable  fraction) 

1 

0.86  (whole) 

1 

4/15/42 

0.60  (unsaponifiable  fraction) 

3 

0.77  (whole) 

3 

Results 

In  Table  I  are  listed  values  obtained  by  spectrophotometric 
assay  of  U.  S.  P.  reference  oil  2.  These  measurements  were 
made  over  a  period  of  2  years  on  freshly  opened  samples  of 
the  reference  oil  and  each  sample  was  tested  within  the  date 
labeled  as  safe.  No  significant  variation  of  measurement  was 
obtained  among  the  samples  tested. 

Table  II  includes  data  on  the  stability  of  standard  reference 
2  as  indicated  by  assays  carried  out  on  three  bottles.  The 
assays  were  made  when  the  bottles  were  first  opened  and  also 
after  intervals  varying  from  one  month  to  a  year.  After 
each  measurement  the  bottles  were  flushed  with  carbon  di¬ 
oxide,  stoppered,  and  stored  in  the  refrigerator.  A  loss  in 
vitamin  A  potency  after  several  months  was  indicated. 


Table  III.  Fish  Liver  Oils 


Source  of 

No.  of 

Potency  Range, 

Average 

Conversion 

Coefficient 

of 

Vitamin 

Samples 

Biological  Units 

Factors 

Variation" 

Cod  liver  oil 

32 

1,000-4,850 

2170 

6.54 

(unsaponifiable 

fraction) 

Cod  liver  oil 

12 

1,000-4,850 

2070 

9.32 

(whole) 

Capsules 

4 

Higher  Potency  Oils 
1,330-9,700 

1900 

3.23 

Tablets 

8 

2,070-11,800 

2030 

7.58 

Shark  liver  oil 

12 

4,500-98,000 

1910 

6.54 

Tuna  liver  oil 

9 

12,500-85,000 

1910 

7.27 

Halibut  liver  oil 

10 

38,000-201,000 

1960 

8.06 

Vitamin  A  ester 

7 

202,000-520,000 

1970 

4.82 

concentrates 

Vitamin  A  con- 

7 

205,000-1,200,000 

1850 

6.00 

centrates 

Miscellaneous 

4 

7,800-9,200 

2050 

3.93 

Weighted  average  conversion  factor  for  higher  potency  oils. 

1940. 

“  Coefficient  of  variation 

standard  deviation  X  100 
average  conversion  factor 

Table  III  lists  values  obtained  with  93  samples  of  fish 
liver  oils  varying  from  cods  of  biological  potency  of  1000 
units  to  concentrates  of  over  1 ,000,000  units  per  gram.  These 
are  segregated  into  groups.  The  number  of  samples  tested, 
potency  range  in  biological  units,  average  conversion  factors, 
and  coefficients  of  variation  are  listed.  The  conversion  factors 
for  the  oils  of  higher  potency  are  in  good  agreement,  but  the 
average  factor  of  1940  for  this  group  is  smaller  than  that  of 
2170  for  the  unsaponifiable  fraction  of  the  cods.  The  93 
samples  represent  all  the  samples  tested  over  a  definite  period, 
with  the  exception  of  two  multiple  vitamin  capsules.  Ab¬ 
sorption  curves  for  these  two  atypical  samples,  along  with  that 
of  a  sample  giving  a  typical  vitamin  A  curve,  are  shown  in 
Figure  1. 

Table  IV  compares  the  conversion  factors  of  the  two  refer¬ 
ence  oils  based  on  the  claimed  unit  contents  and  also  the 
conversion  factors  of  the  test  oils  which  are  computed  from 
the  biological  assay  results  obtained  with  the  two  reference 
samples. 

Discussion  of  Results 

The  data  in  Table  IV  show  that  the  average  conversion 
factors  for  the  test  oils  have  undergone  a  significant  decrease 
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Table  IV.  Conversion  Factors 


No.  of 

Conversion 

Coefficient 

Measurements 

Factor 

of  Variation 

TJ.  S.  P.  reference  1  (unsa¬ 

14“ 

21806 

2.40 

ponifiable  fraction) 

U.  S.  P.  reference  2  (unsa¬ 

14 

2300  c 

5.95 

ponifiable  fraction) 

2700  6 

10.30 

Cod  liver  oil  (unsaponifi¬ 
able  fraction),  Series  1 d 

22 

2170  c 

Cod  liver  oil  (unsaponifi¬ 

32 

6.54 

able  fraction) ,  Series  II 

22606 

9.60 

Higher  potency  oils,  Series 
U 

Higher  potency  oils,  Senes 
II 

“^Measurements  made  on 
1.  averages  given  in  ( 2 ).  1- 

31 

61 

1940  c 

7.01 

four  freshly  opened  bottles  of  U. 
•gram  samples  used. 

S.  P.  reference 

b  Based  on  biological  value  of  3000  U.  S.  P. 
c  Based  on  biological  value  of  1700  U.  S.  P. 

d  See  (£). 


Figure  1.  Absorption  Curves  in 
Isopropanol  Solution 

1,  2.  Experimental  multiple  vitamin  capsules 
giving  atypical  vitamin  A  absorption  curves 
3.  Experimental  multiple  vitamin  capsule  giv¬ 
ing  a  normal  vitamin  A  curve 

with  the  advent  of  U.  S.  P.  reference  cod  liver  oil  2.  Since 
there  has  been  no  change  in  the  spectrophotometric  technique, 
it  is  probable  that  this  change  is  associated  with  the  biological 
test.  Such  a  lowering  of  the  conversion  factor  could  result 
from  differences  in  the  size  of  the  unit  of  vitamin  A  in  the  two 
reference  samples,  but  such  an  explanation  is  not  consistent 
with  all  the  facts.  The  conversion  factors  of  reference  samples 
1  and  2  computed  on  the  basis  of  the  claimed  unit  content  are 
in  fair  agreement;  in  fact,  that  of  the  former  is  slightly  lower 
than  the  latter.  It  would  appear  more  probable  that  such  a 
lowering  of  the  conversion  factors  is  due  to  differences  in  the 
stabilities  of  the  two  reference  oils.  A  relatively  short  time 
elapses  between  the  opening  of  a  fresh  bottle  of  reference  and 
the  completion  of  a  spectrophotometric  test,  whereas  there 
is  considerable  opportunity  for  loss  of  activity  to  occur  before 
and  after  the  feeding  of  the  diluted  reference  to  the  test  rats. 
Thus,  if  reference  2  were  more  stable  than  reference  1,  it  would 
produce  the  same  effect  in  the  biological  test  as  would  a  refer¬ 
ence  containing  larger  units. 

Spectrophotometric  data  listed  in  Table  II  on  reference 
oil  2  and  data  previously  published  (2)  on  reference  oil  1  indi¬ 
cate  that  neither  of  these  oils  as  received  from  the  U.  S.  P. 
committee  has  shown  any  loss  in  potency;  however,  spectro¬ 
photometric  measurements  on  reference  1  suggest  a  rapid  loss 


of  vitamin  A  potency  in  samples  which  had  been  opened  and 
allowed  to  stand  in  the  refrigerator,  as  evidenced  by  a  drop  in 
the  E \°^cm.  value  of  about  14  per  cent.  Similar  measure¬ 
ments  on  the  new  reference  also  suggest  a  loss  of  vitamin  A 
potency  with  time  as  indicated  in  Table  II,  but  the  deteriora¬ 
tion  appears  to  be  less  rapid  than  that  for  reference  1,  a  drop 
of  14  per  cent  occurring  after  several  months  rather  than 
weeks. 

It  would  thus  seem  that  improvements  could  be  made  on 
the  stability  of  the  reference  oil,  possibly  by  the  use  of  anti¬ 
oxidants.  It  was  pointed  out  by  Dyer  et  al.  in  1934  (3)  that 
the  biological  activity  of  carotene  or  cod  liver  oils  was  af¬ 
fected  by  the  oil  which  was  used  as  a  diluent  for  feeding. 
Recently  Hickman  ( 5 )  and  Quackenbush  ( 6 )  have  shown  that 
vitamin  E  possesses  antioxidant  properties  for  vitamin  A  or 
carotene  in  vivo  as  well  as  in  vitro.  These  studies  suggest 
that  some  of  the  variations  in  biological  assays  may  be  due  to 
differences  in  the  content  of  vitamin  E  or  other  antioxidants 
in  different  samples.  Studies  of  the  problem  are  now  in 
progress  in  this  laboratory. 

A  survey  of  the  data  listed  in  Table  III  indicates  a  high 
degree  of  correlation  between  the  spectrophotometric  and 
biological  assays  of  vitamin  A.  The  average  conversion  factor 
of  1940  for  the  higher  potency  fish  liver  oils  is  lower  than  the 
value  of  2000  recently  proposed  as  a  working  value  for  com¬ 
parisons  between  measurements  made  in  different  labora¬ 
tories.  This  factor  is  lower  than  that  of  2170  found  for  the 
unsaponifiable  extract  of  cods.  All  these  factors  are  lower 
than  that  of  2460  reported  by  Baxter  and  Robeson  (1)  for 
crystalline  vitamin  A. 

There  were  only  twro  samples  in  this  survey  which  did  not 
give  comparable  results  by  the  spectrophotometric  and  bio¬ 
logical  methods.  Absorption  curves  of  these  samples  are 
given  in  Figure  1.  Curve  1  is  the  absorption  curve  of  an  ex¬ 
perimental  multiple  vitamin  capsule,  in  which  the  biological 
assay  gave  a  lower  value  than  did  the  spectrophotometric 
assay.  The  absorption  curve  is  resolved  into  three  distinct 
“flats”  in  the  regions  of  340  m/i,  365  m/i,  and  390  m/i  and 
resembles  the  absorption  curve  of  a  mixture  of  vitamin  A  and 
cyclized  vitamin  A  as  reported  by  Embree  (4).  The  inter¬ 
pretation  was  that  the  vitamin  in  the  capsule  had  been  par¬ 
tially  cyclized  and  hence  a  measure  of  the  absorption  at  328 
m/i  did  not  give  a  true  measure  of  the  vitamin  A  potency. 

The  second  case  was  that  of  another  experimental  multiple 
vitamin  capsule,  the  absorption  curve  of  which  is  plotted  as 
curve  2  in  Figure  1.  In  this  case  the  absorption  peak  was 
shifted  to  318  m/i;  in  addition  there  was  a  rather  high  flat  at 
300  m/i  and  the  ratio  of  biological  assay  to  E\  was  low. 
This  seems  to  compare  with  a  case  of  destruction  due  to 
oxidation  as  reported  by  Robinson  (7).  In  neither  case  could 
the  spectrophotometric  method  give  an  accurate  value  of  the 
vitamin  A  potency  of  the  sample,  and  the  inaccuracy  of  the 
assays  was  indicated  by  the  absorption  curves. 

Summary 

Spectrophotometric  measurements  on  fresh  samples  of 
U.  S.  P.  reference  sample  2  over  a  period  of  2  years  are  re¬ 
corded.  The  average  conversion  factor,  computed  on  the 
basis  of  claimed  content  of  1700  U.  S.  P.  per  gram,  is  2280  for 
the  unsaponifiable  fraction  and  2000  for  the  whole  oil. 

The  conversion  factors  computed  from  biological  and  spec¬ 
trophotometric  measurements  on  32  cods  and  61  oils  of  higher 
vitamin  A  potency  show  a  decrease  of  from  20  to  14  per  cent 
from  those  computed  when  the  older  standard  reference  oil  1 
was  used  in  biological  assays.  The  new  conversion  factors 
are  2170  for  the  unsaponifiable  fraction  of  the  cods  and  1940 
for  the  higher  potency  oils.  The  suggestion  is  made  that 
such  a  decrease  in  the  conversion  factors  is  due  to  a  difference 
in  the  stability  of  the  two  references. 
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There  was  good  agreement  between  the  results  of  the  bio¬ 
logical  and  spectrophotometric  tests  of  all  but  two  samples. 
The  absorption  curves  of  these  were  not  typical  for  vitamin 
A  and  thus  served  as  an  indication  that  the  spectrophotometric 
method  could  not  give  an  accurate  assay  in  such  cases. 
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Laboratory  Cooking,  Mashing,  and  Fermentation 

Procedures 

W.  H.  STARK,  S.  L.  ADAMS,  R.  E.  SCALF,  AND  PAUL  KOLACHOV,  Joseph  E.  Seagram  &  Sons,  Inc.,  LouisvUle,  Ky. 


A  procedure  is  presented  for  conducting 
test  laboratory  fermentations  for  the  pro¬ 
duction  of  alcohol  from  corn,  wheat,  or  rye. 
The  analytical  procedures  and  methods  of 
calculating  results  are  described.  The  pro¬ 
cedure  is  sufficiently  flexible  to  be  used  for 
testing  a  variety  of  fermentation  condi¬ 
tions  or  fermentation  raw  materials. 

THERE  has  been  no  generally  accepted  method  for 
laboratory  studies  of  the  grain  alcohol  fermentation 
process.  During  the  course  of  numerous  studies  involving 
the  fermentation  of  corn,  wheat,  and  rye  mashes,  it  was 
necessary  to  develop  an  accurate  procedure  yielding  re¬ 
producible  results.  The  objective  was  a  method  which  would 
yield  experimental  results  closely  comparable  with  production 
data.  Thus  a  standard  control  by  this  technique  should 
yield  as  much  alcohol  as  could  be  expected  in  an  efficiently 
operated  distillery  when  the  same  grains  are  processed. 
Furthermore,  since  it  was  necessary  to  evaluate  the  results 
obtained  when  varying  one  processing  condition  such  as  a 
conversion,  cooking  conditions,  or  type  of  grain,  the  method 
had  to  encompass  a  high  degree  of  accuracy.  As  a  result 
of  the  continued  improvement  and  extensive  use  of  this 
procedure,  the  authors  are  now  convinced  of  the  accuracy 
of  the  method  and  feel  that  the  experimental  error  is  less 
than  1  per  cent.  Only  ordinary  laboratory  equipment  is 
required. 

This  paper  presents  detailed  procedures  for  the  preparation 
of  the  mash  and  the  analytical  methods  employed  to  obtain 
essential  data.  Since  distillery  nomenclature  is  often  con¬ 
fusing,  the  terms  are  defined  and  all  calculations  are  ex¬ 
plained  and  shown  by  example.  Typical  laboratory  fer¬ 
mentation  data  are  presented.  Below  is  the  procedure  for 
preparing  1.5  liters  of  mash  at  a  concentration  of  38  gallons 
of  mash  per  bushel  of  grain  (gallons  of  mash  per  bushel,  the 
total  volume  in  gallons  which  contains  1  bushel  of  grain). 

Cooking  and  Conversion  Procedures 

Pressure  Cooking.  Grain  Bill,  92  per  cent  corn  or  wheat, 
8  per  cent  distillers’  barley  malt  (Lintner  value — minimum  175° 
dry  basis). 

Meal  Analysis.  These  grinds  (Table  I)  can  be  obtained  by 
grinding  through  the  medium  screen  of  the  Wiley  mill.  Other 
mills  may  be  substituted,  provided  comparable  grinds  are  ob¬ 
tained. 


Moisture.  At  the  time  of  mashing  weigh  a  10-gram  sample 
of  each  of  the  ground  grains  employed  into  a  tared  dish,  dry  this 
sample  at  110°  C.  for  3  hours,  and  reweigh. 

Starch  Content.  Starch  analysis  is  made  by  the  A.  O.  A.  C 
diastase-hydrochloric  acid  method  ( 1 ). 

Cooking.  Place  883  cc.  of  tap  water  in  a  2-liter  beaker. 
Clamp  the  beaker  in  a  water  bath  (any  suitable  vessel),  so  that 
the  beaker  is  at  least  half  submerged.  The  water  in  the  beaker 
should  be  mechanically  agitated  with  a  propeller  driven  by 
a  variable-speed  laboratory  motor. 

Heat  to  100°  F.  (temperature  of  water  in  beaker)  and  add  2.33 
grams  of  distillers’  barley  malt.  (Fahrenheit  temperatures  are 
used  in  conformity  with  industrial  practice.) 

Heat  to  130°  F.  and  add  241.2  grams  of  corn  or  wheat. 

Remove  source  of  heat. 

Check  pH,  taking  care  to  keep  the  entire  procedure  as  quanti¬ 
tative  as  possible. 

Adjust  pH  to  5.6  with  N  sulfuric  acid. 

Heat  to  170°  F.  (at  such  a  rate  that  this  temperature  is  at¬ 
tained  in  about  20  minutes),  measure,  and  record  the  volume 
by  dry  inches  (the  number  of  inches  from  the  surface  of  the  mash 
to  the  top  of  the  container). 

Increase  the  temperature  to  approximately  200°  F.  as  rapidly 
as  possible  and  hold  at  this  temperature  for  1  hour.  However, 
start  timing  when  the  temperature  reaches  185  °  F. 

At  the  end  of  1  hour  make  up  the  volume  to  equal  that  at 
170°  F. 

Autoclave  at  22  pounds  for  1  hour.  (The  mash  should  be 
mechanically  agitated  at  all  times  except  when  checking  dry 
inches  and  when  the  cook  is  autoclaved.) 


Grind 

Mesh 

Table  I 

Corn, 

% 

Wheat, 

% 

Barley  Malt, 

% 

On 

12 

0.0 

0.0 

0.0 

On 

16 

0.5 

0.0 

0.5 

On 

20 

2.0 

6.0 

1.5 

On 

30 

25.5 

55.5 

11.0 

40 

32.0 

22.0 

36.5 

On 

60 

37.5 

8.0 

26.5 

Through 

60 

12.0 

14.5 

23.5 

Conversion.  After  removing  the  cook  from  the  autoclave 
place  it  in  a  water  bath  and  agitate  mechanically.  It  is  important 
to  have  the  temperature  of  the  water  bath  between  160  °  and  170  °  F. 
at  the  time  the  cook  is  added.  Cool  the  water  bath  to  145  °  F. 
and  add  the  conversion  slurry,  consisting  of  140  cc.  of  water  and 
20.95  grams  of  distillers’  barley  malt,  when  the  temperature  of 
the  cook  reaches  152°  F.  Make  the  malt  slurry  30  minutes 
before  using  and  heat  to  130°  F.  immediately  before  adding 
it  to  the  cook;  warm  the  slurry  in  a  water  bath  with  occasional 
stirring. 

Flash  Conversion  Method.  As  soon  as  the  malt  slurry  is  added 
to  the  cook,  stir  until  there  are  no  lumps  (manual  as  well  as 
mechanical  stirring  is  frequently  required)  and  then  cool  as 
rapidly  as  possible  to  72°  F.  The  conversion  pH  should  be 
5.4  to  5.5  (this  need  not  be  checked,  since  the  adjustment  of  the 
pH  for  cooking  will  place  the  conversion  pH  in  this  range). 
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Figure  1.  Laboratory  Fermentation  Flask 
Equipped  with  Carbon  Dioxide  Scrubber 


Sixty-Minute  Conversion  Method.  Flash  conversion  is  a 
superior  production  method  which  is  gaining  favor  in  the  industry 
and  normally  results  in  increased  alcohol  yields.  However,  this 
method  occasions  more  difficulty  in  the  laboratory  if  efficiency 
data,  based  on  sugar  analysis,  are  desired  (see  method  B,  section 
on  calculation).  As  an  alternate,  the  60-minute  conversion 
method  (comparable  with  the  old  standard  plant  procedures) 
may  be  employed.  In  this  case,  the  mash  is  mechanically 
agitated  after  addition  of  the  malt  slurry  for  60  minutes  while 
held  at  145°  F.,  then  cooled  rapidly  to  72°  F. 

Infusion  Process  (Atmospheric  Mashing).  The  pro¬ 
cedures  described  above  are  used  frequently  in  research  and 
control  work  in  connection  with  modern  grain  alcohol  plants. 
However,  it  is  occasionally  desirable  to  employ  the  infusion 
process  when  testing  the  fermentation  of  wheat,  rye,  or 
malt  mashes.  These  grains  do  not  require  pressure-cooking 
for  efficient  gelatinization  of  the  starch. 

Wheat.  Heat  883  cc.  of  tap  water  to  100°  F.  as  above,  add 
241.2  grams  of  wheat  slowly,  raise  the  temperature  to  155°  F. 
in  45  minutes,  and  hold  for  60  minutes;  then  cool  to  152°  F. 
and  add  the  malt  slurry  containing  23.3  grams  of  malt  prepared 
as  described  above.  Hold  the  mash  another  30  minutes  at 
145°  F.  and  then  cool  to  72°  F.  The  mash  must  be  mechani¬ 
cally  agitated  at  all  times. 

Rye.  Heat  883  cc.  of  tap  water  to  100°  F.,  add  23.3  grams  of 
malt  slowly,  agitate  the  slurry  5  minutes,  then  add  241.2  grams 
of  rye  slowly.  Raise  the  temperature  to  130°  F.  in  30  minutes, 
hold  15  minutes,  raise  to  145°  F.  in  15  minutes,  and  hold  at 
145  °  F.  for  60  minutes.  At  the  end  of  this  period  cool  the  mash 
rapidly  to  72°  F.  The  mash  is  to  be  mechanically  agitated  at 
all  times. 

Fermentation  Conditions 

Preparation  of  Yeast  for  Inoculum.  Transfer  one  loop 
of  yeast  from  slant  to  test  tube  containing  10  cc.  of  16°  Balling 
malt  extract.  Transfer  every  24  hours  for  2  days  through  the 
same  medium,  transfer  contents  of  the  last  tube  to  200  cc.  of 
the  same  medium,  incubate  for  20  hours  at  86°  F.,  and  then  use 
for  inoculum. 

Procedure  for  Setting  Fermenters.  This  is  a  critical 
step  in  the  procedure.  Failure  to  observe  reasonably  aseptic 


conditions  will  result  in  contaminated  fermentations  and 
nullify  the  final  data.  Lack  of  observance  of  quantitative 
technique  has  the  same  result. 

Pour  cooled  converted  cook  into  clean,  sterile  2-liter  graduated 
cylinder. 

Add  300  cc.  of  sterile  thin  stillage  (whole  residue  from  distilla¬ 
tion  of  alcohol  from  fermented  mashes.  Thin  stillage  is  screened.) 
Water  may  be  used  when  stillage  is  unavailable. 

Mix  thoroughly  with  propeller. 

Adjust  pH  to  4.8  with  N  sulfuric  acid  if  necessary. 

Make  volume  up  to  1500  cc.  with  tap  water. 

Mix  well  by  pouring  back  and  forth  from  graduate  to  beaker 
once  or  twice. 

Check  pH;  if  above  4.85  set  back  to  4.8  with  a  few  drops  of 
4  N  sulfuric  acid. 

Add  7  cc.  of  yeast  (2  per  cent  of  total  mash  volume)  to  each 
sterile,  tared  fermenter. 

Measure  mash  into  fermenters  as  follows:  Rinse  dry  sterile 
500-cc.  graduate  with  50  cc.  of  mash.  Measure  out  350  cc.  of 
mash  and  pour  into  fermenter  (Figure  1),  allowing  to  drain 
until  there  is  only  1  drop  every  2  seconds. 

Fill  three  fermenters  from  each  cook  as  described  above. 
Use  a  different  graduate  for  each  cook.  Mix  mash  in  beaker 
well  each  time  before  pouring  into  cylinder. 

Attach  trap  to  fermenter  as  follows  (see  Figure  1):  Place  2  cc. 
of  mercury,  glass  beads  to  a  depth  of  about  1.25  cm.  (0.5  inch) 
and  50  cc.  of  distilled  water  in  a  25  X  200  mm.  test  tube.  A 
glass  tube  extends  to  the  bottom  of  this  trap  and  is  connected 
with  a  one-hole  rubber  stopper  in  the  fermenter  by  a  short  piece 
of  rubber  tubing.  The  connection  between  trap  and  fermenter 
should  be  sterile. 

Incubation.  It  has  been  the  practice  to  incubate  mash 
fermentations  in  a  constant-temperature  water  bath  (Figure 
2) .  Air  incubation  may  be  used,  but  it  is  believed  that  baths 
are  more  satisfactory. 

Incubate  at  72  °  F.  for  the  first  20  hours. 

Incubate  at  86  °  F.  for  the  next  30  hours. 

Incubate  at  90°  F.  for  the  final  16  hours. 

At  least  twice  during  fermentation,  at  20  and  50  hours,  shake 
the  fermenter  thoroughly  by  swirling  until  all  mash  adhering 
to  the  bottom  of  the  flask  is  in  suspension. 

Fermentation  Analysis 

The  majority  of  the  work  in  these  laboratories  has  neces¬ 
sitated  only  initial  final  analyses.  Periodic  analyses  may  be 
made,  but  when  maximum  accuracy  is  desired  only  final 
analyses  should  be  determined.  The  individual  will  vary 
these  procedures  to  fit  his  own  requirements.  These  again 
are  critical,  since  work  of  this  type  frequently  involves  slight 
differences  in  yield,  which  are  significant  and  must  be  so 
established.  The  analyses  to  be  made  will  depend  on  the 
data  desired,  which  can  be  selected  after  reading  the  section 
on  calculations. 

Initial  Data.  Sample.  The  initial  data  are  obtained  by 
the  analysis  of  the  mash  remaining  after  the  fermenters  are  set. 
All  analyses  are  run  on  the  supernatant  obtained  by  centrifuging 
the  mash,  with  the  exception  of  initial  total  sugar  analyses  of 
flash  converted  mashes,  which  are  treated  as  described  below. 
The  mash  is  centrifuged  at  2000  r.  p.  m.  for  10  minutes.  Filtration 
through  coarse  paper  may  be  substituted. 

a.  pH.  Take  pH  using  potentiometer  and  glass  electrode. 

h.  Titratable  acidity.  Titrate  10  cc.  of  centrifuged  sample 
to  the  phenolphthalein  end  point  with  0.1  N  sodium  hydroxide. 
Record  as  cc.  of  0.1  N  sodium  hydroxide  per  10  cc.  of  sample. 

c.  Sugar  concentration. 

1.  Maltose.  Determine  reducing  sugar  in  centrifuged 
sample  of  mash  by  the  method  of  Stiles,  Peterson,  and  Fred_($), 
(20  minutes’  oxidation  and  employ  correction  factor  determined 
for  reagent  on  maltose). 

2.  Total  sugar,  flash  converted  mashes.  As  soon  as  fer¬ 
menters  are  set,  weigh  100  cc.  of  excess  mash  into  small  Erlen- 
meyer  flask.  Adjust  pH  to  5.4  to  5.5  with  a  drop  of  concentrated 
sodium  hydroxide  and  complete  conversion  by  holding  in  the 
water  bath  to  145  °  to  150 0  F.  for  1  hour.  Shake  every  5  minutes, 
being  careful  not  to  splash  mash  high  on  the  side  of  the  flask. 
Adjust  to  initial  weight  with  water  and  centrifuge  sample. 
Hydrolyze  exactly  5-cc.  sample  with  5  cc.  of  1.38  N  hydrochloric 
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Figure  2.  Laboratory  Water  Baths 

Equipped  with  agitators,  thermoregulators,  heating  units,  and  cooling  coils  for  accurate  temperature  control 


acid  by  boiling  for  2.5  hours,  then  run  sugar  by  method  of 
Stiles,  Peterson,  and  Fred. 

3.  Total  sugar,  60-minute  converted  mashes.  Centrifuge  or 
filter  sample  of  excess  fermenter  mash.  Hydrolyze  with  hydro¬ 
chloric  acid  as  above  and  run  sugar. 

d.  Balling.  Determine  on  the  undiluted  supernatant  with 
an  8°  to  16°  Balling  hydrometer. 

1 1  Final  Data.  Preparation  of  Sample.  Mix  the  fermented 
mash  thoroughly,  weigh  the  fermenter,  and  calculate  the  weight 
of  mash.  Weigh  exactly  one  half  of  the  mash  into  a  1-liter 
distillation  flask  and  add  50  per  cent  of  the  water  in  the  trap  to 
this  sample,  which  is  used  for  whole  mash  alcohol  analyses  for 
proof  gallon  per  bushel  yield  calculations  as  follows  (proof  gallon 
per  bushel  is  a  term  used  to  denote  gallons  of  100°  proof  alcohol 
yield  from  1  bushel  of  grain.  In  distilling  practice  corn,  rye, 
wheat,  and  malt  are  measured  in  56-pound  bushels.  The  bushel 
is  measured  on  an  air-dry  basis  unless  otherwise  stated.) 

a.  Distill  into  a  100-cc.  volumetric  flask  with  5  cc.  of  water 
in  the  bottom.  The  condenser  should  be  provided  with  a  tip  so 
that  all  vapors  pass  through  the  water  in  the  receiver.  (Receiver 
should  be  immersed  in  an  ice  bath.)  Distill  up  to  neck  of  volu¬ 
metric  receiving  flask. 

b.  Warm  distillate  to  room  temperature,  make  up  to  volume, 
and  determine  alcohol  with  the  immersion  refractometer  (usually 
used  at  17.5°  C.). 

Centrifuge  the  remainder  of  the  mash  at  2000  r.  p.  m.  for  10 
minutes  and  analyze  the  supernatant  as  follows: 

a.  pH,  as  initial. 

b.  Titratable  acidity,  as  initial. 

c.  Balling.  Final  Ballings  should  be  determined  with  a 
Balling  hydrometer,  range  —2.0°  to  +2.0°,  of  such  size  that 
it  may  be  used  in  a  50-cc.  graduate  for  convenience. 

d.  Final  sugar.  Place  a  5-cc.  sample  in  a  25  X  200  mm. 
Pyrex  test  tube,  add  5  cc.  of  1.38  N  hydrochloric  acid,  and 
hydrolyze  the  sample  in  a  boiling  water  bath  for  2.5  hours. 
Determine  the  sugar  content,  calculated  as  glucose,  by  the 
method  of  Stiles,  Peterson,  and  Fred  (2). 

e.  Alcohol  for  efficiency  calculation  by  Method  B.  Pipet 
50  cc.  (volumetric  pipet)  into  distillation  flask,  add  enough  0.5  N 
sodium  hydroxide  calculated  from  titratable  acidity  to  neutralize 
beer,  and  add  1  cc.  of  mineral  oil  to  prevent  foaming.  Distill 
over  50  per  cent  of  total  volume  into  50-cc.  volumetric  flask, 


make  to  volume,  and  determine  alcohol  as  in  proof  gallon  per 
bushel  analysis. 


Calculations 

1.  Calculation  of  Proof  Gallon  per  Bushel.  Proof 
gallons  per  bushel  =  (per  cent  by  volume  of  alcohol  as  read 
in  100  cc.  of  distillate)  —  (initial  sugar  concentration  of  yeast 
mash  as  grams  of  maltose  per  100  cc.  X  0.0208)  X 


100  (cc.  of  distillate) 
175  (cc.  of  mash  distilled) 


X  concentration  of 


mash  (gallons  of  mash  per  bushel)  X 


2 

100 


For  calculation  of  proof  gallons  per  bushel  from  fermentations 
made  by  the  process  described  above,  in  which  the  mash  con¬ 
centration  is  38  gallons  per  bushel,  the  factor  is  as  follows:  Proof 
gallons  per  bushel  =  (per  cent  by  volume  of  alcohol  as  read)  — 
(initial  sugar  concentration  of  yeast  mash  as  grams  of  maltose 
per  100  cc.  X  0.0208)  X  0.4343. 

The  proof  gallons  per  bushel  yield  should  be  expressed  on  a 
dry  basis  for  comparison.  This  is  determined  by  dividing  the 
above  figure  by  the  per  cent  of  dry  grain  mashed. 

2.  Derivation  of  Corrected  Factor  for  Yeast  Mash 
in  Proof  Gallons  per  Bushel  Alcohol  Analysis. 

y  =  sugar  concentration  of  yeast  mash  (grams  per  100  cc.). 

0.511y  =  grams  of  absolute  alcohol  from  100  cc.  of  yeast  mash. 

0.5112/  X  0.035  =  grams  of  absolute  alcohol  from  3.5  cc.  of 
yeast  mash. 

(0.5112/  X  0.035)  0.92  =  grams  of  absolute  alcohol  from  3.5 
cc.  of  yeast  mash,  assuming  92  per  cent  efficiency. 

0.5112/  X  0.035  X  0.92  _  cent  Qf  g^boi  jn  ioo  cc.  of 
0.791  P 

distillate  due  to  yeast  mash. 

/.  Correction  factor  =  0.02082/. 

3.  Calculations  of  Efficiency.  Method  A  (based  on 
starch  analysis).  The  composite  starch  content  of  the  gram 
bill  is  calculated  in  pounds  per  dry  bushel  of  grain  by  weighted 
averages. 
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Table  II. 

Initial 

Data 

Cook 

Ball¬ 

Titration 

Initial 

Conver¬ 

Moisture 

No. 

pH 

ing 

of  Acid 

Sugar 

Maltose 

sion 

of  Corn 

Cc.  1  N 
NaOH  / 

G./100 

G./100 

% 

% 

10  cc. 

cc. 

cc. 

1 

4.83 

11.6 

1.82 

12.08 

8.44 

70.6 

13.41 

2 

4.86 

11.9 

1.88 

12.03 

8.75 

73.5 

13.41 

Composite  moisture  (by  weighted  average)  = 
Composite  starch  content  of  grain  bill  in 


11.18  per  cent, 
pounds  per  dry 


bushel 


(92  x  ms)  +  (8  x  ra) 


100 


=  67.91  (dry  basis) 


Table 

III.  Efficiency  of 

Fermenter 

Cook 

No. 

Fermen¬ 

tation 

No. 

pH 

Titration 
of  Acid 

Ball¬ 

ing 

Final 

Sugar 

Wet 

Dry 

Alcohol 

Plant 

Effi¬ 

ciency 

Fermen¬ 

tation 

Effi¬ 

ciency 

1 

4 

4.18 

Cc.  1  N 
NaOH/ 
10  cc. 

4.80 

-0.5 

G./100 

cc. 

0.60 

Proof  gal./bu. 

5.48  6.32 

%  by  vol. 

7.19 

% 

92.2 

% 

'97.0 

12 

4.16 

4.81 

-0.5 

0.60 

5.47 

6.31 

7.16 

91.7 

96.5 

131 

4.16 

4.70 

-0.6 

0.59 

5.46 

6.30 

7.17 

91.8 

96.7 

2 

10 

4.34 

3.95 

-0.5 

0.68 

5.54 

6.38 

7.23 

92.9 

98.0 

27 

4.32 

3.82 

-0.4 

0.68 

5.54 

6.38 

7.24 

93.1 

98.2 

111 

4.36 

4.22 

-0.5 

0.68 

5.51 

6.35 

7.22 

92.8 

97.9 

Actual  alcohol  yield,  5.33  proof  gallons  per  bushel  (wet  basis) 
and  6.00  proof  gallons  per  bushel  (dry 
basis).  67.91  X  56  X  0.1725  =  6.56 
theoretical  proof  gallons  per  bushel. 

Per  cent  efficiency  =  X 


6.56. 


100  =  91.4 


Discussion 


Pounds  of  starch  X  0.1725  =  theoretical  proof  gallons  per 
bushel  (0.1725  is  the  factor  for  conversion  of  pounds  of  starch 
to  proof  gallons  of  alcohol). 

Actual  yield  (dry  basis)  w  _  t  cfficicncv 

theoretical  (dry  basis) 

Method  B  (based  on  sugar  analysis). 

a.  Fermentation  efficiency  (based  on  sugar  fermented) 

Actual  grams  of  absolute  alcohol  obtained  _ 

(initial  total  sugar  —  final  sugar)  0.511 

per  cent  fermentation  efficiency 

b.  Plant  efficiency  (based  on  total  sugar  present) 

Actual  grams  of  absolute  alcohol  obtained 

initial  total  sugar  X  0.511 

per  cent  plant  efficiency 

c.  Grams  of  absolute  alcohol  per  100  cc.  = 

per  cent  of  alcohol  X  0.791 

Sample  Calculations.  The  calculation  of  the  results  of 
experiments  presented  in  Tables  II  and  III  is  shown  in  de¬ 
tail  in  the  following  examples: 

Exam-pie  I.  Method  B  was  used  for  calculating  efficiencies. 

1.  Calculation  of  proof  gallons  per  bushel  yield  from  fer¬ 
menter  No.  4  (Table  II). 

Initial  sugar  on  yeast  mash  =  15.60  grams  per  100  cc. 

Alcohol  as  read  in  100  cc.  of  distillate  distilled  from  0.5  volume 
of  mash  in  fermenter  =  12.93  per  cent. 

12.93  -  (15.60  X  0.0208)  X  0.4343  = 

5.48  proof  gallons  per  bushel  (wet  basis) 

5  48 

X  100  =  6.32  proof  gallons  per  bushel  (dry  basis) 

2.  Method  B.  Calculation  of  efficiency  of  fermenter  No.  4 
(Table  III). 

a.  Fermentation  efficiency.  Per  cent  of  alcohol  by  volume  = 
7.19. 

7.19  X  0.791  =  5.69  grams  of  absolute  alcohol  per  100  cc. 


5.69 


X  100  =  97.0  per  cent 


(12.08  X  0.60)  0.511 

fermentation  efficiency 

b.  Plant  efficiency. 

5  69 

io  no  ks  n  rii  X  100  =  92.2  per  cent  plant  efficiency 
lZ.Uo  X  U.Oil 

Example  II.  Calculation  of  Efficiency  by  Method  A.  In 
this  case  only  starch,  moisture,  and  proof  gallons  per  bushel 
alcohol  (whole  mash  alcohol)  data  are  obtained. 

Grain  bill,  92.0  per  cent  corn,  8.0  per  cent  barley  malt 

Starch  content  of  com  =  61  per  cent  (wet  basis).  Moisture 
of  corn  =  11.5  per  cent. 

Starch  content  of  malt  =  51.5  per  cent  (wet  basis).  Moisture 
of  malt  =  7.0  per  cent. 


Either  the  complete  method  or  one 
of  the  three  alternates  listed  below 
may  be  used,  dependent  on  the  factor 
under  investigation. 

Starch  analysis  of  grain  with  deter¬ 
mination  of  proof  gallons  per  bushel 
alcohols,  no  micro  sugars  or  alcohols. 
Efficiency  is  calculated  by  Method  A. 

No  starch  analysis,  proof  gallons  per  bushel  alcohols  deter¬ 
mined  as  well  as  efficiency  alcohols  and  micro  sugars.  Efficiency 
is  calculated  by  Method  B. 

No  proof  gallons  per  bushel  alcohols,  no  starch  analysis,  and 
results  evaluated  only  by  efficiency  as  calculated  by  Method  B. 

This  represents  the  standard  or  control  procedure.  It  is 
used  when  evaluating  grains,  yeast  strains,  or  yeast  propaga¬ 
tion  and  is  run  as  a  comparison  if  some  condition  within  the 
procedure  itself  is  under  investigation. 

Interpretation  of  Results 

As  with  all  new  laboratory  procedure,  the  analyst  should 
run  a  sufficient  number  of  control  tests  to  determine  his 
ability  to  secure  good  fermentations  and  reproducible  results 
before  attempting  to  introduce  any  variables.  The  criteria 
of  a  good  fermentation  are  as  follows: 

Corn  Mash.  Initial  Sugar,  about  12  grams  per  100  cc.  Low 
sugar  indicates  poor  cooking  or  poor  grain. 

Per  Cent  Conversion,  about  70.  Low  per  cent  conversion  may 
indicate  poor  cooking  or  poor  grade  of  malt. 

Final  pH,  above  4.0.  A  low  final  pH  is  the  result  of  bacterial 
contamination. 

Titralable  Acidity,  3.5  to  4.5.  High  acidity,  like  low  pH,  indi¬ 
cates  bacterial  contamination. 

Final  Balling,  0.3  to  0.7.  A  high  final  balling  indicates  in¬ 
complete  fermentation. 

Proof  Gallons  per  Bushel  Yield,  5.2  or  above. 

Plant  Efficiency,  92  per  cent  to  94  per  cent. 

Wheat  Mash.  The  above  limits  also  hold  good  for  wheat 
mashes,  except  that  final  Ballings  are  often  somewhat  higher 
and  the  final  yield  is  usually  lower  (5.0  to  5.1  proof  gallons  per 
bushel). 

Rye  Mash.  Because  of  the  viscosity  of  rye  mash,  the  final 
Balling  is  unreliable  as  an  index  to  the  completeness  of  fermenta¬ 
tion.  The  yield  from  a  rye  fermentation  should  be  4.8  proof 
gallons  per  bushel  or  above. 
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Analysis  of  Butane-Isobutane  Mixture 

ALFRED  W.  FRANCIS,  Socony-Vacuum  OR  Co.,  Inc.,  Paulsboro,  N.  J. 


MIXTURES  of  n-butane  and  isobutane,  such  as  might 
result  from  isomerization  processes  or  from  a  prelimi¬ 
nary  fractional  distillation  of  natural  or  casinghead  gas,  are 
commonly  analyzed  by  low-temperature  fractional  distilla¬ 
tion,  as  with  a  Podbielniak  still.  For  accurate  results  this  re¬ 
quires  a  trained  technique,  at  least  3  hours’  time,  and  at 
least  10  grams  of  sample.  For  control  purposes  the  time 
factor  especially  is  a  detriment. 


Alternative  methods  proposed  are  the  percentage  of  a  gas¬ 
eous  mixture  condensed  at  dry  ice  temperatures  (5),  the  shape 
of  the  pressure-volume  isothermal  curve  (7),  the  index  of 
refraction  at  —25°  C.  (4),  and  Raman  spectra  (3).  The  first 
two  seem  crude  and  inaccurate,  the  third  requires  special 
technique,  and  the  last  requires  expensive  apparatus.  Another 
method  tried  is  the  temperature  of  disappearance  of  the  inter¬ 
face  between  the  liquefied  butanes  and  water  (19°  C.  for  n- 
butane,  3°  C.  for  isobutane,  1 ),  but  it  was  found  difficult  to 
observe  this  temperature  with  sufficient  precision. 

The  method  here  proposed  ( 2 )  is  the  observation  of  the 
critical  solution  temperature  of  the  butane  mixture  with 
pure  o-nitrotoluene. 


Table  I.  Composition  of  Butanes 


Critical  Solution 

Isobutane 

Found 

Temperature 

Present 

°  c. 

% 

% 

12.5 

0 

0 

13.3 

4 

4.0 

20.5 

39.8 

39.4 

27.0 

71.4 

71.4 

32.8 

100 

100 

Apparatus  and  Procedure 

The  apparatus  consists  of  glass  tubes  or  ampoules,  10  to  20  cm. 
long  and  5  to  8  mm.  in  diameter,  sealed  at  one  end  and  drawn 
down  to  a  narrow  neck  at  the  other,  about  1  to  2  mm.  in  diameter. 
These  are  filled  about  30  per  cent  full  with  o-nitrotoluene  through 
a  capillary  funnel,  and  immersed  in  a  cold  bath  of  dry  ice  and 
acetone  (which  freezes  the  o-nitrotoluene).  A  sample  of  butanes 
to  be  analyzed  is  condensed  into  a  tube  through  a  capillary 
funnel,  filling  the  tube  to  about  1.7  times  the  depth  of  the  solid  o- 
nitrotoluene — i.  e.,  the  tube  is  about  75  per  cent  filled. 


The  tube  is  then  sealed  at  the  neck  with  the  fine  flame  of  a 
blast  lamp  while  the  tube  is  still  immersed  in  the  cold  bath. 
The  tube  is  attached  by  rubber  bands  to  a  thermometer  reading 
preferably  in  fractions  of  a  degree,  and  immersed  in  a  water 
bath  such  as  a  large  glass  test  tube.  By  frequent  tipping  of  the 
tube  with  gradually  rising  temperature  or  twirling  with  falling 
temperature,  the  point  of  disappearance  or  reappearance  of 
cloudiness  can  be  observed  within  0.1?  or  0.2°  C.,  corresponding 
to  less  than  1  per  cent  error  in  percentage  of  isobutane.  The 
test  requires  10  to  15  minutes. 

The  composition  of  the  butanes  is  a  linear  function  of  the 
critical  solution  temperature,  as  illustrated  in  Table  I  and 
Figure  1. 

Other  solvents  could  be  used  in  place  of  o-nitrotoluene,  as 
shown  in  Table  II. 

The  high  freezing  point  of  acetophenone,  19.7°  C.  makes  it 
less  convenient,  since  it  sometimes  crystallizes  out  during  a 
determination;  and  the  higher  critical  solution  temperature 
with  isobutane  in  the  case  of  the  other  solvents  means  a 
higher  pressure  and  greater  risk  of  breaking  the  tubes,  as  well 
as  less  precise  temperature  reading.  Moreover,  cresol  and 
eugenol  are  less  readily  available  in  pure  form. 


Table  II.  Critical  Solution  Temperature 


Solvent 

n-Butane 

Isobutane 

°  C. 

°  C. 

Acetophenone 

10.6 

24.5 

o-Chloroaniline 

29.8 

50 . 5 

Cresol  (technical) 

14.2 

45.5 

Eugenol 

23.0 

43.0 

Nitrobenzene 

40.0 

61.0 

Aniline  ( 6 ) 

84.1 

109.0 

Table  III.  Critical  Solution  Temperatures  with 
Aromatic  Solvents 


Paraffin 

o-Nitrotoluene 

Nitrobenzene 

Aniline 

°  C. 

°  C. 

°  c. 

Propane 

65 

None 

None 

Isobutane 

32.8 

61 

109 

n-Butane 

12.5 

40 

84.1 

Neopentane 

30° 

54“ 

102“ 

Isopentane 

9 

32 

78.4 

n-Pentane 

2 

24 

71.5 

Neohexane 

11“ 

33“ 

81 

n-Hexane 

-1 

21 

69.1 

“  Estimated. 
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Figure  3 


Effects  of  Contaminants 

The  method  is  intended  for  analysis  of  a  wholly  butane 
mixture.  Olefins  must  be  absent,  since  a  small  percentage 
would  lower  the  critical  solution  temperature  considerably. 
This  condition  is  met  readily  as  isomerization  catalysts  de¬ 
stroy  any  olefin  gas  present.  Presence  of  water  in  the  sam¬ 
ple  is  objectionable — it  freezes  and  plugs  up  the  capillary 
funnel,  but  it  does  not  affect  the  critical  solution  tempera¬ 
ture,  probably  because  it  is  so  slightly  miscible  with  either 
the  nitrotoluene  or  the  butane.  It  can  be  removed  with  a  cal¬ 
cium  chloride  drying  tube  in  the  gas  line  before  condensation. 

The  presence  of  other  paraffins  affects  the  determination  to 
some  extent,  as  illustrated  in  Table  III  and  Figure  2. 


Thus  the  presence  of  1  per  cent  propane  in  the  “butane 
mixture”  would  cause  an  error  of  about  2.6  per  cent  isobutane 
too  high.  One  per  cent  of  isopentane  would  make  the  per¬ 
centage  of  isobutane  only  0.2  per  cent  too  low,  and  a  similar 
amount  of  n-pentane  about  0.5  per  cent  too  low.  If  the 
amounts  of  these  paraffin  impurities  are  sufficient  to  inter¬ 
fere  with  the  determination,  it  is  probably  necessary  to  run  a 
distillation  analysis.  Table  III  and  Figure  2  include  the 
other  two  solvents  to  show  the  remarkable  parallelism  for 
different  aromatic  solvents.  Propane  is  omitted  in  those 
cases  because  its  critical  temperature  is  reached  without  mix¬ 
ing  with  aniline  (I)  or  nitrobenzene.  The  aniline  critical  solu¬ 
tion  temperature  of  neopentane  was  estimated  in  a  previous 
paper  ( 1 ),  and  the  other  estimates  were  made  by  paralleling 
those  with  aniline. 

The  effect  of  ratio  of  solvent  to  hydrocarbon  is  shown  in 
Figure  3,  observed  with  a  sample  of  butane  containing  7  per 
cent  of  isobutane.  If  the  percentage  of  o-nitrotoluene  is  be¬ 
tween  45  and  55  per  cent  (30  to  40  per  cent  by  volume)  the 
solution  temperature  is  not  over  0.1°  below  the  critical  solu¬ 
tion  temperature.  A  mixture  outside  these  limits  in  compo¬ 
sition  would  be  noticed  readily,  since  the  final  position  of  the 
interface  would  be  far  from  the  middle  of  the  system. 
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Vacuum  Sublimation 


MAX  H.  HUBACHER,  Research  Laboratory,  Ex-Lax,  Inc.,  Brooklyn,  N.  Y. 


4  PPARATUS  for  sublimation  on  a  macro  scale  is  seldom 
±\_  encountered  in  chemical  laboratories.  Almost  all 
sublimation  apparatus  described  in  the  literature  is  designed 
for  micro  work  (2,  8).  Sublimation  in  vacuo  is  an  excellent 
method  for  purifying  compounds  and  is  worthy  of  greater 
consideration.  The  advantage  of  this  method  over  crystal¬ 
lization  is  that  the  loss  of  material  is  negligible,  the  sublimed 
compound  is  dry  and  free  from  solvents,  and  the  actual 
labor  involved  is  small.  In  many  cases,  one  compound  can 
be  separated  from  a  complex  mixture  by  sublimation  much 
more  quickly  than  by  the  conventional  method  of  extraction. 
Naturally,  the  method  has  its  limitations — e.  g.,  compounds 
having  the  same  rate  of  sublimation  cannot  be  separated, 
and  some  substances,  when  heated  to  their  sublimation  tem¬ 
peratures,  undergo  decomposition. 

When  sublimation  is  applied  to  routine  analysis  and 
research  in  the  laboratory,  under  controlled  conditions,  a 
permanent  setup  is  desirable.  As  a  heat  source,  a  resistance 
wire  wound  around  the  sublimation  tube  (4)  or  a  small 
copper  heating  block  with  a  hole  for  the  glass  tube  (I)  has 
been  recommended,  but  such  devices  do  not  maintain  con¬ 
stant  temperatures  without  a  thermostat.  Most  important 
in  sublimation  experiments  is  means  for  heating  the  tubes 
to  a  definite  and  constant  temperature.  The  author  does 
not  claim  originality,  but  describes  a  unit  consisting  of  a 
heating  block  and  sublimation  tubes  which  have  given  good 
service  in  this  laboratory. 
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Table  I. 

Rate  of 

Sublimation 

Sublimate 

Tempera¬ 

Melting 

Compound  (0.200  Gram) 

ture 

Pressure 

Time 

Weight 

point® 

°  C. 

Microns 

Hours 

Gram 

°  C. 

Salol 

35 

9 

6 

0.192 

41.7-  42.2 

Azobenzene 

40 

9 

2 

0.155 

67.5-  68.5 

8-Hydroxyquinoline 

40 

8 

1 

0.154 

73.5-  74.2 

2-Methyl-l, 4-naphthoquinone 

60 

7 

2 

0. 184 

105.4-106.3 

80 

8 

0.5 

0.189 

2-Hydroxy-3-methyl-l  ,4-naphthoquinone 

80 

11 

3 

0.191 

172.6-172.9 

Nicotinamide 

80 

6 

5 

0.183 

128.2-129.9 

Pyramidon 

90 

15 

1.5 

0 . 200 

106.0-106.5 

Acetylsalicylic  acid 

100 

10 

1 

0.198 

130.4-131 .5  i> 

Phenacetin 

100 

13 

1.5 

0.167 

134.1-134.8 

Caffeine 

120 

8 

1 

0.167 

236.2-236.8 

1-Hydroxyanthraquinone 

130 

9 

O'.  33 

0.165 

194.4-195.2 

2-Hydroxyanthraquinone 

130 

7 

24 

0.063 

310.5-311.1 

1,8-Dihydroxyanthraquinone  or  Istin 

130 

10 

1.5 

0.171 

193.6-194.1 

Saccharin 

130 

10 

2 

0.195 

225.2-227.8 

Phenobarbital  or  5-ethyl-5-phenyl-bar- 

bituric  acid 

140 

9 

1.5 

0.199 

175.7-176.3 

Pentaerythrite 

150 

10 

3 

0.193 

256.4-260.6 

Fluoran 

150 

12 

1.5 

0.181 

183.8-184.3 

Vitamin  C  or  ascorbic  acidc 

150 

8 

24 

0.052 

186  -187  <1 

1-Leucine 

150 

8 

10 

0.139 

287.0-288.2 

D.  C.  Yellow  No.  11  or  2-(2-quinolyl)- 

1,3-indandione 

150 

5 

20 

0.189 

242 . 3-242 . 8 

Sulfanilamide  e 

120 

4 

24 

0.170 

164.6-165.2 

150 

5 

2 

0.199 

Sulfaguanidine/ 

150 

8 

24 

0.001 

183.6-185.0 

Sulfapyridine 

150 

6 

10 

0.108 

190.3-191 . 1 

Sulfathiazole® 

150 

7 

24 

0.015 

192.1-198.7 

Sulfadiazine  h 

150 

6 

24 

0.038 

252.2-252.8 

Phenolphthalein 

180 

7 

24 

0.072 

260.6-261.5 

Quercetin 

200 

7 

16 

0.042 

317.4-317.9 

°  All  melting  points  are  corrected  and  were  determined  in  a  Hershberg  precision  melting  point  ap¬ 
paratus. 

t>  Same  m.  p.  as  that  obtained  in  same  bath  on  a  sample  of  pure  acetylsalicylic  acid. 
c  Vitamin  C  courtesy  of  Chas.  Pfizer  &  Co.,  Inc. 

d  Same  m.  p.  as  that  obtained  in  same  bath  on  a  sample  of  pure  ascorbic  acid.  Nonsublimed  part 
had  become  brownish  and  melted  1°  lower.  . 

e  Sulfa  compounds  and  tablets  courtesy  of  Maurice  E.  Avery,  Lederle  Laboratories,  Pearl  River, 
N.  Y. 

/  Sulfaguanidine  charged  melted  at  187.6-188.7°,  nonsublimed  part  at  189.6-190.5  . 
o  Sulfathiazole  charged  melted  at  200.0-200.7°,  nonsublimed  part  at  199.9-201 .0°. 
h  Sulfadiazine  charged  melted  at  254 . 5-254 . 8°,  nonsublimed  part  at  253 . 9-254 . 5°. 


Originally,  a  heating  block  to  ac¬ 
commodate  but  one  size  of  tube  was 
used,  but  later  an  improved  block 
was  constructed  for  a  range  from  room 
temperature  to  275°  C.  To  enhance 
the  utility  of  this  block,  three  holes 
were  drilled  for  three  different  sizes 
of  tubes,  and  an  auxiliary  top  was 
provided,  so  that  25-ml.  and  50-ml. 

Erlenmeyer  flasks  could  be  heated  to 
specified  temperatures.  It  can  also 
be  used  as  a  constant  heat  source 
for  laboratory  apparatus. 

Two  tables  show  the  application  of 
vacuum  sublimation.  In  Table  I,  the 
rate  of  sublimation  of  various  com¬ 
pounds  under  definite  conditions  is 
given.  Among  the  samples  are  a  dye, 
several  “sulfa”  compounds,  an  amino 
acid,  and  vitamin  C.  The  quantitative 
determination  of  active  ingredients  in 
tablets  has  been  found  to  be  feasible. 

The  analytical  data  are  compiled  in 
Table  II. 

The  Apparatus 

The  heating  block  (Figure  1)  was 
made  from  a  cast  cylinder  of  85  per 
cent  copper  and  15  per  cent  tin,  100  mm. 
in  diameter  and  150  mm.  high.  Three 
holes  drilled  on  top  for  three  different 
sizes  of  test  tubes  are  of  the  following 
dimensions:  E  =  23  X  90  mm.,  G  — 

14  X  80  mm.,  and  D  -  11  X  62  mm.  Thermometer  well 

F,  8  X  82  mm.,  is  inclined  towards  the  center.  A  hole  with 
an  extension  tube,  H,  19  mm.  in  inside  diameter,  is  likewise  in¬ 
clined  towards  the  back,  leaving  the  front  free  for  working. 
H  is  threaded  on  the  main  block  and  takes  the  thermostat,  C. 
Hole  K,  20  X  70  mm.,  is  for  the  heating  unit. 

To  enable  one  to  heat  25-ml.  and  50-ml.  Erlenmeyers,  an 
auxiliary  top  was  added,  100  mm.  in  diameter  and  55  mm. 
high.  This  top  is  recessed  to  fit  over  the  main  block  and  by 
means  of  two  wooden  knobs,  A,  can  be  removed  easily.  Con¬ 
ical  hole  B  has  a  top  diameter  of  25  mm.  and  a  bottom  diameter 
of  52  mm. 

The  block  is  lagged  on  the  bottom  and  on  the  sides  by  a  30- 
mm.  layer  of  magnesia,  7.  The  side  of  the  auxiliary  block  is 
protected  by  a  layer  of  asbestos  paper. 


The  electrical  parts  consist  of  a  G-E  cartridge-type  heater, 
200-watt,  115-volt,  No.  151-H,  1.88  cm.  (0.75  inch)  in  diameter 
and  5.9  cm.  (2.375  inches)  long,  fitting  into  K;  a  Quick-Set  bi¬ 
metal  thermoregulator,  C,  range  25°  to  275°  C.  (No.  4-239, 
American  Instrument  Co.,  Silver  Springs,  Md.)  fits  into  tube  H, 
which  is  205  mm.  deep;  a  relay,  115-volt  (No.  ABYT  8,  Struthers, 
Dunn,  Inc.,  Philadelphia,  Penna.),  is  placed  in  a  wooden  box  and 
provided  with  the  necessary  electrical  connections  to  the  heating 
unit  and  the  thermoregulator. 

Table  III  shows  the  performance  of  the  heating  block. 

The  sublimation  tubes  are  shown  in  Figure  2.  Tube  B 
is  air-cooled;  A  and  C  have  an  inner  water-cooled  con¬ 
denser  on  which  the  sublimate  collects.  The  tubes  fit  into 
hole  E  (Figure  1). 


Method 


Figure  2.  Sublimation  Tubes 


The  air-cooled  sublimation  tube,  B,  is  used 
mainly  in  cases  where  two  sublimates  are 
expected. 

For  example,  when  a  mixture  of  benzoic  acid 
and  o-benzoyl-benzoic  acid  is  sublimed,  two 
crystalline  sublimates  are  obtained,  each  form¬ 
ing  a  separate  band  on  the  cooler  or  the  part 
of  the  tube  which  extends  out  of  the  heating 
block.  Each  ring  is  then  scraped  out  separately. 
In  order  to  determine  whether  the  sublimation 
is  at  an  end,  the  entire  tube  is  pulled  out  about 
1  cm.  without  interrupting  the  sublimation. 
If  incomplete,  a  new  band  of  sublimate  will 
form  farther  inside  the  old  ring. 

Sublimation  tube  A  is  preferred  when  only 
one  sublimate  is  expected.  This  tube  will  ac¬ 
commodate  up  to  2  grams.  It  is  also  possible 
to  conduct  fractional  sublimations  by  using 
either  this  tube  or  tube  C. 

For  example,  a  mixture  of  1-  and  2-hydroxy- 
anthraquinone  can  be  separated  more  easily 
and  with  practically  no  loss  of  material  by  first 
keeping  the  tube  at  100°  C.  and  10  microns. 
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Table  II.  Analytical  Data 


- Sublimate - 

Weight  _ Percentage 


Weight 

of 

Tempera- 

-Sublimation- 

average  of 
(15  deter- 

Melting 

Average  and 
mean 

Composition  of  Sample® 

Sample 

Gram 

ture 

°  C. 

Time 

Hours 

Pressure 

Microns 

minations) 

Grams 

Point® 

°  C. 

Min. 

Max. 

deviation 

50.00%  salol,  m.  p.  41.7-42.2°,  and  50.00% 

0.0500 

35 

2 

ii 

0.0248 

41.1-  41.8 

48.0 

50.8 

49.60 

±  0.56 

phenacetin,  m.  p.  134.0—134.5° 

2.22%  2-methyl-l, 4-naphthoquinone,  m.  p. 
104.6-106.1°  (also  lactose,  calcium  gluco¬ 
nate,  starch,  sucrose,  and  small  quantities  of 

120 

0.25 

13 

0.0252 

132.2-134.2 

50.0 

52.0 

50.41 

±0.28 

talcum  and  magnesium  stearate) 

0.5000 

80 

0.5 

14 

0.0107 

104.8-105.8 

2.04 

2.26 

2.14 

±0.05 

84.29%  acetylsalicylic  acid  and  starch 

0.0500 

110 

0.33 

13 

0.0422 

132  -1336 

83.8 

85.2 

84.40 

±  0.34 

33.31%  nicotinamide,  m.  p.  128.8-129.4°  (also 
lactose,  starch,  sucrose,  and  small  quantities 
of  talcum  and  magnesium  stearate) 

0.0500 

110 

0.33 

11 

0.0169 

128.5-129.0 

33.0 

34.2 

33.77 

±  0.30 

75.00%  phenacetin,  m.  p.  134.2-134.8°  (also 
sucrose,  starch,  and  small  quantities  of  tal¬ 
cum  and  magnesium  stearate) 

0.0500 

120 

0.5 

10 

0.0376 

133.9-134.6 

74.6 

76.0 

75.25 

±  0.40 

46.29%  phenobarbiturie  acid,  m.  p.  175.4- 
176.4°,  and  1.46%  stearic  acid  and  starch 

0.1000 

150 

0.67 

11 

0 . 0482 

173.6-175.1 

46.8 

49.5 

48.17 

±  0.57 

81.20%  sulfanilamide,  m.  p.  164.4-164.8°  (also 
starch,  sucrose,  and  small  quantities  of  tal¬ 
cum  and  magnesium  stearate) 

0.1000 

155 

3 

10 

0.0815 

164.3-164.8 

80.7 

82.2 

81.56 

±  0.31 

“  All  melting  points  are  corrected. 

b  Same  m.  p.  as  that  obtained  in  same  bath  on  a  sample  of  pure  acetylsalicylio  acid. 


The  sublimate  will  be  the  more  volatile  1-hydroxyanthraquinone. 
The  experiment  is  now  interrupted  and  the  first  sublimate  is 
collected.  The  temperature  of  the  heating  block  is  then  raised 
to  180°,  or  a  second  heating  block  previously  heated  to  this 
temperature  is  used,  and  the  sublimation  is  continued.  The  sub¬ 
limate  which  now  forms  is  the  2-isomer.  The  separation  of  the 
two  isomers  by  this  method  is  much  sharper  than  by  fractional 
crystallization. 

Another  example  of  fractional  sublimation,  the  mixture  of 
salol  and  phenacetin,  will  be  found  in  Table  II.  Salol  was  first 
sublimed  from  the  mixture  at  35°  C.  and  then  the  phenacetin 
was  sublimed  at  120°. 

The  second  water-cooled  tube,  C,  is  used  for  smaller 
samples  and  mainly  for  quantitative  determinations. 

It  has  a  flat  bottom,  so  that  the  substance  is  exposed  in  a  thin 
layer.  The  distance  between  the  bottom  and  the  condenser 
tip  is  but  10  mm. ;  therefore,  the  vapors  have  but  a  small  distance 
to  travel.  The  inside  condenser  weighs  23  grams  and  is  small 
enough  to  be  hung  up  on  a  balance  arm  by  means  of  a  wire 
attached  to  the  constriction.  The  sublimate  will  collect  on 
the  tip  of  the  condenser  and  will  adhere  firmly,  as  was  observed 
by  Kempf  (S).  There  need  be  no  fear  that  the  sublimate  will 
fall  off  when  handling  the  condenser.  When  the  clean  ground 
joints  are  lubricated  with  Cenco  Vacu-Seal,  they  will  never 
stick. 

To  illustrate  the  variation  in  the  rates  of  sublimation,  data 
on  twenty-seven  organic  compounds  are  shown  in  Table  I. 

The  figures  were  obtained  as  follows:  0.200  gram  of  the 
compound  (purest  grade  available)  was  placed  on  the  bottom 
of  tube  A  and  then  connected  with  the  vacuum  pump.  As  soon 
as  the  necessary  low  pressure  was  reached,  the  tube  was  placed 
in  hole  E  of  the  heating  block.  The  pressure  was  measured 
every  hour  or  more  on  a  McLeod  gage.  The  average  reading  is 
shown  in  Tables  I  and  II.  The  melting  points  of  each  com¬ 
pound  before  sublimation,  of  the  sublimate,  and  of  the  part  not 
sublimed,  were  determined.  There  was  no  decomposition  ob¬ 
served  except  in  the  cases  mentioned.  Substances  which  did 
not  sublime  at  150°  C.  and  10  microns  were:  starch,  sucrose, 
lactose,  talcum,  magnesium  stearate,  1-cystine,  and  d-glutamie 
acid. 

Sublimation  is  used  in  this  laboratory  for  the  quantitative 
determination  of  active  ingredients  in  pharmaceutical 
tablets.  The  method  may  not  be  so  accurate  as  some  others, 
but  it  is  time-saving  in  many  instances,  and  the  compound 
is  obtained  in  dry  and  pure  form  suitable  for  identity  tests 
such  as  mixed  melting  point  determinations,  etc.  The 
results  are  slightly  high,  but  no  explanation  for  this  can 
be  advanced  now.  The  estimation  of  2-methyl-l, 4-naphtho¬ 
quinone,  acetylsalicylic  acid,  phenacetin,  phenobarbital, 
nicotinamide,  salol,  and  sulfanilamide  in  tablets  has  been 
found  to  be  practical.  The  same  method  could  not  be 
applied  to  sulfapyridine,  sulfaguanidine,  sulfathiazole,  and 


sulfadiazine  tablets,  because  these  four  sulfa  compounds  do 
not  sublime  to  any  extent  below  160 0  C.  at  10  microns  pressure ; 
and  above  that  temperature,  some  of  the  other  tablet  con¬ 
stituents  decompose  slowly.  The  data  in  Table  II  were 
obtained  as  follows: 

A  mixture  containing  the  same  percentage  of  ingredients  as  in 
commercial  tablets  was  prepared  on  an  analytical  balance. 
A  weighed  sample  of  from  0.05  to  0.50  gram  was  placed  on  the 
flat  bottom  of  tube  C  and  was  spread  evenly  by  tapping.  The 
temperature  of  the  cooling  water  varied  from  9°  to  17°  C.  The 
time  required  for  complete  sublimation  of  the  compound  in  ques¬ 
tion  from  the  mixture  had  previously  been  determined,  and  in 
the  actual  quantitative  determination,  the  time  was  lengthened 
by  one  third  to  assure  complete  sublimation.  At  the  end  of  the  pro¬ 
cedure,  the  condenser  was  removed,  most  of  the  water  was 
blown  out  of  the  condenser,  the  two  inlet  tubes  were  stoppered, 
and  the  sealing  wax  was  wiped  from  the  ground  surface.  The 
condenser  with  the  adhering  sublimate  was  weighed,  the  sub¬ 
limate  then  scraped  off,  the  tube  tip  wiped  clean  with  a  solvent, 
and  the  condenser  minus  the  sublimate  weighed  again. 

The  phenobarbital  tablets  contain  1.46  per  cent  of  stearic 
acid;  therefore  the  sublimate  will  be  a  mixture  of  97  per 
cent  phenobarbital  and  3  per  cent  of  stearic  acid.  In  this 
mixture  the  phenobarbital  may  be  estimated  by  one  of  the 
standard  methods.  Other  common  tablet  ingredients  like 
sucrose,  lactose,  starch,  talcum,  and  magnesium  stearate 
do  not  sublime  under  the  conditions  indicated  in  Table  II. 
Equally  good  results  were  obtained  when  finished  tablets, 
first  reduced  to  a  powder,  were  analyzed  by  this  sublimation 
method. 


Table  III.  Performance  of  Heating  Block 


Temperature 

Temperature 

Reached 

within: 

Fluctuations 

of 

Temperature 

Power 

Consumption 

°  C. 

Min . 

°  C. 

Watts 

100 

28 

±0.3 

23 

150 

49 

±0.3 

46 

200 

72 

±0.4 

69 

275 

132 

±0.5 

114 
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Estimation  of  Water  in  Alcohol  with  Aid  of 

Dicyclohexyl 

G.  ROSS  ROBERTSON 
University  of  California,  Los  Angeles,  Calif. 


Water  content  in  otherwise  pure  ethyl  al¬ 
cohol  of  nearly  absolute  grade  may  be  de¬ 
termined  by  measurement  of  critical  solu¬ 
tion  temperature  in  the  system  alcohol- 
water-dicyclohexyl.  The  “dicyclohexyl 
point”,  easily  obtained  in  a  few  minutes 
without  necessity  of  standard  solutions  or 
special  apparatus,  is  referred  to  a  graph 
for  percentage  value. 

THE  critical  solution  temperature  of  a  kerosene-alcohol 
mixture  serves  as  a  remarkably  precise  index  of  water 
content,  as  reported  by  Crismer  (3),  Andrews  (3),  and  the 
Bureau  of  Standards  (5).  Each  lot  of  kerosene,  however, 
must  be  calibrated  by  a  laborious  process.  The  method 
is,  therefore,  of  little  use  to  the  majority  of  laboratory  workers 
requiring  only  occasional  determinations  of  water  in  alcohol. 
A  single  substance,  similar  in  physical  properties  to  kerosene 
but  which  could  be  calibrated  once  for  all,  would  be  a  desirable 
substitute.  For  this  purpose  a  paraffin  hydrocarbon  with 
molecular  weight  of  about  170  would  be  ideal — for  example, 
a  dodecane.  Unfortunately,  pure  open-chain  paraffins  of 
such  high  molecular  weight  are  available  only  as  costly 
academic  curiosities. 

A  new  solution  of  this  problem  has  become  possible  through 
the  commercial  appearance  of  dicyclohexyl  (bicyclohexyl, 
dodecahydrodiphenyl) .  The  system  ethanol-di  cyclohexyl 
has  the  convenient  critical  solution  temperature  of  23.4°  C., 
with  an  elevation  of  18°  for  the  first  1  per  cent  of  water  added 
to  the  alcohol  so  tested.  Provided  any  given  alcohol  prepa¬ 
ration  and  the  dicyclohexyl  are  mixed  in  or  near  the  ratio  of 


critical  composition  during  calibration,  no  great  precision 
in  measurement  of  volumes  is  required  in  subsequent  deter¬ 
minations,  as  shown  in  Figure  1.  Since  the  main  aim  of  this 
work  is  to  test  alcohol  that  is  nearly  absolute,  the  simple 
volume  ratio  of  1  to  2  was  chosen  for  the  final  graph  of 
Figure  2. 

Sources  of  Error 

The  shift  of  peak  of  the  miscibility  curve  toward  the 
dicyclohexyl  axis  with  increase  of  water  content  calls  for 
increasing  care  in  measurement  of  volume,  and  the  probable 
error  grows.  Since  the  precise  determination  of  water  in 
alcohol  over  the  range  96  to  99  per  cent  (by  weight)  seems  to 
be  an  unimportant  problem,  no  attempt  is  made  here  to  com¬ 
plicate  matters  by  reporting  data  at  other  volume  ratios 
than  the  uniform  1  to  2  value  adopted.  Determinations 
below  99  per  cent  are  thus  only  approximate. 

Unfortunately,  mixtures  of  dicyclohexyl  and  alcohol,  either 
of  the  critical  composition  or  nearly  that  ratio,  markedly 
display  the  phenomenon  of  critical  opalescence  (§)  at  tem¬ 
peratures  just  above  the  maximum  temperature  of  genuine 
turbidity.  This  cuts  down  slightly  the  extreme  precision 
characteristic  of  the  Crismer  technique  using  kerosene. 
With  dicyclohexyl  and  a  good  thermometer  it  is  nevertheless 
easy  to  distinguish  alcohol  preparations  as  close  to  each 
other,  for  example,  as  99.90  and  99.91  per  cent;  by  the 
Crismer  method,  99.900  and  99.903  per  cent. 

More  important  is  the  problem  of  purity  of  the  dicyclohexyl. 
Fortunately,  the  present  industrial  product  is  a  synthetic 
individual  of  high  grade,  derived  by  hydrogenation  of  di¬ 
phenyl.  Several  lots  of  the  hydrocarbon,  both  “technical” 
and  purified,  were  tested  against  a  standardized  alcohol  of 
99.9+  per  cent  grade.  No  significant  difference  in  critical 
solution  temperature  was  found  in  this  series;  certainly 
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Figure  2.  Percentages  of  Ethyl  Alcohol  and  Correspond¬ 
ing  Dicyclohexyl  Points 

1  to  2  alcohol-dicyclohexyl  ratio 


none  equivalent  to  the  difference  between  99.90  and  99.91 
per  cent  alcohol. 

Water  content  in  the  dicyclohexyl  is  not  a  serious  problem. 
Simple  filtration  of  the  clear  liquid  product  through  dry  filter 
paper  removes  all  stray  suspended  globules  of  water,  and  per¬ 
haps  even  some  of  the  extremely  small  content  of  dissolved 
water.  The  data  used  in  preparing  Figure  2  refer  to  clear 
samples  of  the  hydrocarbon  which  have  been  exposed  freely  to 
ordinary  atmospheric  conditions.  When  such  material  was 
thoroughly  dried,  no  significant  change  in  melting  point  could 
be  detected  with  a  Beckman  thermometer. 

A  series  of  purified  alcohol  preparations  (98  to  99.99  per  cent), 
the  densities  of  which  at  25.00 0  were  determined  with  a  graduated 
pycnometer  ( 6 ),  was  first  used  to  standardize  a  special  paraffin 
oil  by  the  Crismer  method.  The  oil  consisted  of  highly  refined 
kerosene  to  which  had  been  added  enough  colorless  paraffin  oil 
to  raise  the  critical  solution  temperature  values  out  of  ranges 
requiring  an  ice  bath,  and  to  a  region  close  to  the  critical  solution 
temperature  values  for  dicyclohexyl.  Once  this  paraffin  oil 
standard  was  established,  cross  comparisons  of  an  extended  series 
of  alcohol  samples,  prepared  in  random  concentrations,  were 
easily  made,  each  with  the  two  hydrocarbon  preparations,  oil 
and  dicyclohexyl. 

The  miscibility-temperature  determinations  were  made  in  a 
short  20-mm.  test  tube  with  siphon  drain  from  the  bottom. 
This  device  was  fitted  with  thermometer,  micromechanical 
stirrer,  burets,  and  inlet  for  desiccated  air.  The  alcohol  supply 
was  admitted  from  a  distillation  receiver  without  intermediate 
exposure  to  the  outer  atmosphere. 

Materials  Used 

Paraffin  Oil.  “Elaine”  kerosene  (Standard  Oil  Co.  of 
Calif.),  7  volumes.  Standard  White  Oil  No.  7  (Standard  Oil  Co. 
of  Calif.),  1  volume.  Such  a  mixture  yields  a  critical  solution 
temperature,  with  100  per  cent  alcohol,  in  the  vicinity  of  23°  C. 

Ethyl  Alcohol.  Commercial  95  per  cent  fermented  spirit 
was  given  three  reflux  treatments  over  quicklime,  each  followed 
by  distillation  with  substantial  rejections  of  foreruns  and  tailings 
to  eliminate  acetaldehyde  and  higher  alcohols.  In  one  case  the 
rapid  and  extremely  convenient  Adickes  ( 1 )  method,  employing 
ethyl  formate,  was  used  in  the  final  operation  with  concordant 


results.  Particular  attention  was  paid  to  the  most  highly  de¬ 
hydrated  alcohol  which  was  attainable.  Six  lots,  prepared  on 
different  days  by  the  two  methods,  had  critical  solution  tem¬ 
perature  values  (with  the  paraffin  oil)  varying  from  23.27°  to 
23.37°,  and  densities  at  25.00°  C.  from  0.78506  to  0.78508, 
there  being  no  consistency  nor  correlation  within  those  ranges; 
average  23.31°  and  0.78507+.  By  short  extrapolation,  23.2° 
was  taken  as  the  critical  solution  temperature  for  100  per  cent 
alcohol,  for  which  the  extremely  reliable  density  value  of  0.78506 
is  known  (5). 

Dicyclohexyl.  Three  lots  of  industrial  origin  were  in¬ 
vestigated: 

Melting  Point 

°  C. 

1.  Eastman  Kodak  Co.,  P4641,  mer¬ 

chandise  of  1 94 1  3.5 

2.  Dow  Chemical  Co.,  technical  product 

of  1943  3.4 

3.  Special  preparation  made  by  fraction¬ 

ation  of  2  through  a  30-plate  col¬ 
umn,  followed  by  recrystallization  3.63 

The  melting-point  value  for  No.  3  refers  to  the  constant 
equilibrium  temperature  of  a  mush  of  the  hydrocarbon  alternately 
freezing  and  melting  slowly  in  a  bath  varied  from  3°  to  4°, 
there  being  from  1/3  to  2/3  of  solid  present.  A  National  Bureau 
of  Standards  certified  Beckman  thermometer  was  used,  with 
corrections  for  setting,  certificate,  and  stem  emergence,  and  the 
figure  3.63°  signifies  merely  the  elevation  above  the  ice  point 
determined  just  before  and  after  the  main  experiment. 

Product  1  was  recrystallized  without  use  of  solvent,  yielding 
product  4,  a  part  of  which  was  washed  with  concentrated  sul¬ 
furic  acid,  yielding  5.  Both  4  and  5  agreed  exactly  with  3  in 
melting  point.  In  view  of  the  constancy  of  the  temperature,  it 
was  judged  that  the  theoretical  melting  point  (disappearance 
of  last  crystal)  is  not  over  3.65°,  and  that  this  value  =*=0.03° 
is  the  melting  point  of  pure  dicyclohexyl.  Apparently  the 
figures  of  4°  (4)  and  “above  4°”  (7)  reported  for  this  compound 
in  the  literature  were  not  determined  with  special  precision. 

Presumably  the  impurities  in  any  of  the  products  so  far 
encountered  are  not  only  of  small  amount,  but  of  physical 
nature  not  entirely  foreign  to  dicyclohexyl  itself.  Accord¬ 
ingly,  the  critical  solution  temperature  values  obtained 
with  the  five  preparations  are  even  more  closely  concordant 
than  the  melting  points.  Thus  Nos.  1  and  2  are  satisfactory 
for  ordinary  accuracy  in  estimation  of  water  in  alcohol. 

Dicyclohexyl  Point 

Procedure.  To  2.0  cc.  of  the  alcohol  being  tested,  in  a  dry 
15-mm.  test  tube,  add  4.0  cc.  of  dicyclohexyl  and  stir  with  a 
dry  thermometer.  Heat  until  the  mixture  becomes  a  clear 
solution,  and  then  allow  to  cool  slowly,  with  continued  stirring. 
As  the  critical  solution  temperature  is  approached,  the  liquid 
becomes  opalescent,  suggestive  of  very  dilute  soap  solution. 
It  is  still  clear  enough  so  that  the  mercury  thread  in  the  im¬ 
mersed  section  of  the  thermometer  is  readily  distinguished.  Sud¬ 
denly  (within  0.2°  temperature  range)  the  liquid  becomes  com¬ 
pletely  turbid,  and  the  mercury  thread  is  no  longer  discernible 
even  through  as  little  as  5-mm.  thickness  of  the  liquid.  The 
temperature  at  this  stage  (approximately  the  critical  solution 
temperature)  is  recorded  as  the  dicyclohexyl  point,  and  the 
corresponding  percentage  of  alcohol  is  read  from  the  graph 
of  Figure  2. 
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Unsaturation  of  Butadiene  and  Related  Polymers 

As  Determined  by  Iodine  Chloride  Addition 

A.  R.  KEMP  AND  HENRY  PETERS,  Bell  Telephone  Laboratories,  Murray  Hill,  N.  J. 


This  paper  describes  procedures  which  have  been 
developed  to  determine  the  unsaturation  of  various 
butadiene  and  related  polymers  and  copolymers, 
as  well  as  mixed  vulcanizates  of  Buna  S  and  rubber. 
These  methods  are  based  on  the  use  of  p-dichloro- 
benzene  as  a  solvent  and  iodine  chloride  as  the 
addition  agent,  following  the  general  technique 
employed  in  the  standard  Kemp-Wijs  method  for 
the  determination  of  the  unsaturation  of  natural 
rubber. 

The  ratio  of  butadiene  to  styrene  in  copolymers 


SINCE  iodine  chloride  adds  quantitatively  to  the  double 
bonds  in  natural  rubber  hydrocarbon  (5,  6),  it  was  con¬ 
sidered  important  to  study  the  reaction  of  various  unsaturated 
synthetic  elastomers  with  this  reagent.  Recently  Cheyney 
and  Kelley  (S)  found  that  the  Wijs  reagent  reacted  so  slowly 
with  polybutadiene  arid  its  copolymers  swollen  in  chloroform 
or  carbon  disulfide,  that  the  addition  reaction  required  48 
hours  or  longer  to  approach  completion.  Butadiene  and  buta¬ 
diene-styrene  polymers  are  frequently  only  partially  soluble 
in  chloroform  or  carbon  disulfide  and,  if  soluble,  they  are 
partially  precipitated  by  the  addition  of  the  glacial  acetic  acid 
in  the  Wijs  reagent.  This  requires  that  the  reaction  proceed 
between  the  swollen  polymer  and  the  iodine  chloride  solution, 
which  accounts  in  part  for  the  long  period  needed  to  complete 
the  reaction.  Other  complications,  such  as  emulsion  forma¬ 
tion  and  occlusion  of  iodine  in  the  precipitate  during  titration 
of  the  unreacted  iodine  chloride,  are  likely  to  be  involved  in 
the  standard  Kemp-Wijs  procedure  (4,  5,  6)  which  was  de¬ 
veloped  for  natural  rubber. 

The  present  investigation  was  undertaken  to  overcome 
these  difficulties  and  to  develop  a  rapid  and  accurate  method 
which  could  be  applied  to  various  types  of  synthetic  rubber¬ 
like  polymers.  It  was  also  hoped  that  data  obtained  on  the 
unsaturation  of  these  polymers  would  throw  some  light  on 
their  chemical  structure  as  related  to  polymerization  proce¬ 
dure. 

A  study  of  numerous  solvents  showed  that  p-dichloroben- 
zene  heated  from  165°  to  172°  C.  was  the  most  satisfactory 
for  general  use.  Cheyney  and  Kelley  (3)  objected  to  this 
solvent  on  the  ground  that  cyclization  of  the  synthetics  takes 
place  as  the  result  of  heating.  The  results  of  the  present 
investigation,  however,  show  that  very  little  loss  of  unsatura¬ 
tion  occurs  in  the  polymers  during  the  period  of  heating  in 
p-dichlorobenzene  necessary  to  attain  a  complete  solution. 
The  use  of  p-dichlorobenzene  is  also  advantageous  for  use  in 
the  case  of  crude  natural  rubber,  since  solution  is  complete  in 
less  than  one  hour,  which  is  important  in  the  tougher  and 
less  soluble  types.  The  present  authors  have  confirmed  the 
finding  of  Blake  and  Bruce  ( 1 )  on  the  superiority  of  this 
solvent  for  vulcanized  rubber  as  compared  with  tetrachloro- 
ethane  (5).  Soft  vulcanized  butadiene-styrene  copolymers 
are  also  soluble  in  hot  p-dichlorobenzene,  making  it  possible 
to  determine  the  total  rubber  content  of  a  soft  vulcanized 
mixture  of  natural  and  GR  S  rubber. 

In  order  to  avoid  or  substantially  to  reduce  precipitation 
upon  addition  of  Wijs  solution,  the  iodine  chloride  was  made 


has  been  calculated  from  the  iodine  value  and 
from  the  carbon-hydrogen  ratio;  however,  the 
accuracy  of  these  procedures  is  subject  to  several 
variables  which  are  discussed. 

Unsaturation  data  are  presented  on  highly 
purified  emulsion-type  polymers  of  butadiene- 
isoprene  and  butadiene-styrene  which  agree  closely 
with  the  presence  of  one  double  bond  for  each 
diolefin  molecule  present.  The  reaction  rate  of 
Buna  S  with  halogens  is  shown  to  agree  closely 
to  that  of  natural  rubber  hydrocarbon. 


up  using  carbon  tetrachloride  as  a  solvent  in  place  of  glacial 
acetic  acid.  In  the  case  of  the  butadiene-nitrile  copolymers 
the  standard  Wijs  solution  was  employed,  since  the  iodine 
chloride  reaction  product  was  more  soluble  in  the  presence  of 
the  glacial  acetic  acid. 

Emulsions  which  formed  during  titration  were  broken  by 
the  addition  of  25  cc.  of  alcohol.  In  the  case  of  vulcanized 
GR  S  tire  tread  stocks  containing  channel  black,  it  was 
found  that  by  omitting  the  water  and  adding  75  cc.  of  alcohol, 
excellent  results  were  obtained.  In  this  case  the  presence  of 
the  larger  quantity  of  alcohol  caused  the  carbon  black  to 
settle  rapidly,  so  the  end  point  could  be  quickly  obtained. 

In  the  case  of  polybutadiene  0.10-gram  samples  gave  low 
results,  since  the  excess  of  iodine  chloride  is  not  sufficient  to 
complete  the  reaction.  Sample  weights  of  0.06  gram  were 
found  to  give  consistent  results.  In  the  case  of  the  high- 
nitrile  type  of  polymer,  solution  in  p-dichlorobenzene  is  diffi¬ 
cult;  20  to  60  passes  through  a  clean  tight  mill  before  ex¬ 
traction  greatly  aided  solution.  This  milling  has  been  found 
to  have  no  significant  effect  on  the  iodine  value  of  any  of  the 
synthetics  or  of  natural  rubber  and  can  be  practiced  to  ad¬ 
vantage  whenever  the  polymer  requires  too  long  a  period  to 
dissolve. 

General  Recommended  Procedure 

Unless  otherwise  purified,  samples  are  acetone-extracted  in 
the  standard  manner  in  the  absence  of  strong  light  for  16  hours. 
In  the  case  of  vulcanized  samples  this  is  followed  by  a  4-hour 
chloroform  extraction.  The  extracted  samples  are  freed  from 
solvent  by  heating  to  constant  weight  in  an  oven  at  70°  C. 
under  vacuum,  cut  into  fine  pieces  (approximately  15-mesh), 
and  preserved  under  nitrogen  or  in  high  vacuum  prior  to  analysis 
to  prevent  oxidation. 

The  finely  divided  sample  (0.10  gram,  or  0.06  gram  in  case  of 
polybutadiene)  is  placed  in  a  500-cc.  Pyrex  glass-stoppered 
vapor-release  iodination  flask  with  50  grams  of  pure  p-dichloro- 
benzene.  The  flask  with  contents  is  placed  on  a  hot  plate  at  a 
temperature  of  175°  to  185°  C.  with  the  vapor  release  on  the 
iodine  flask  lined  up  properly  to  release  the  pressure  that  is 
formed  during  heating.  It  is  desirable  to  cover  the  sides  of  the 
flask  with  an  asbestos  shield  to  prevent  the  solvent  from  solidify¬ 
ing  in  the  upper  part  of  the  flask.  The  contents  of  the  flask 
are  gently  whirled  from  time  to  time  to  facilitate  solution,  care 
being  taken  to  avoid  causing  particles  to  adhere  and  scorch  on 
the  sides  of  flask  above  the  solvent.  The  time  for  solution 
depends  upon  the  nature  of  the  polymer  and  usually  varies 
from  about  20  to  180  minutes.  If  the  time  required  exceeds 
3  hours  and  a  rubber  mill  is  available,  it  is  recommended  that 
the  polymer  be  milled  to  increase  its  solution  rate. 

Following  solution,  the  flask  with  its  contents  is  removed  and 
allowed  to  cool  to  room  temperature.  Before  crystallization  of 


453 


454 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  7 


the  p-dichlorobenzene  is  complete  the  partially  solidified  solution 
is  liquefied  by  adding  50  cc.  of  chloroform.  Twenty-five  cubic 
centimeters  of  iodine  chloride  in  carbon  tetrachloride  are  added 
from  a  pipet,  using  a  vacuum  to  suck  the  solution  up  uniformly 
and  very  slowly  to  avoid  loss  of  iodine  chloride  by  evaporation. 
A  thin  film  of  15  per  cent  potassium  iodide  is  placed  on  the 
stopper  of  the  iodine  flask  just  before  closing  and  the  solution 
allowed  to  stand  for  one  hour  at  room  temperature  in  the  dark 
to  complete  the  reaction.  Twenty-five  cubic  centimeters  of  15 
per  cent  freshly  prepared  potassium  iodide  solution  are  added, 
followed  by  the  addition  of  50  cc.  of  distilled  water.  The  ex¬ 
cess  iodine  is  immediately  titrated  with  standard  0.1  N  sodium 
thiosulfate  solution,  using  freshly  prepared  starch  indicator  which 
is  added  towards  the  end  of  the  titration.  Twenty-five  cubic 
centimeters  of  ethyl  alcohol  are  added  towards  the  end  of  the 
titration  to  break  the  emulsion. 


Table  I.  Effect  of  Varying  Experimental  Conditions  of 
Iodine  Value  of  Polybutadiene 

Heating  Iodine 


Poly¬ 

Period 

in 

Chloride 

Solution 

Time 

of 

Iodine 

Solvents  Employed 

butadiene 

C6H4C12 

Used 

Reaction 

Value 

75  cc.  of  CS2 

Gram 

0.1040 

Hours 

Wijs 

Hours 

3 

399.0“ 

0.1034 

Wrijs 

24 

407 . 9“ 

75  cc.  of  CHCI3 

0.1031 

Wijs 

3 

388.1“ 

0.1026 

Wijs 

24 

406.3“ 

50  grams  of  C6H4CI2  + 

50  cc.  of  CS2 

0.1201 

1.0 

ecu 

1 

385.3 

0.1017 

1.0 

ecu 

1 

413.7 

0.1014 

1.0 

ecu 

1 

412.6 

0.0824 

1.0 

ecu 

1 

435.7 

0.0756 

1.0 

ecu 

1 

436.5 

0.0759 

1.0 

ecu 

1 

436.1 

50  grams  of  C6H4CI2  + 

50  cc.  of  CHCh 

0.0753 

1.0 

ecu 

1 

435.0 

50  grams  of  C«HiCk  + 

50  cc.  of  CS2 

0.0668 

1.0 

ecu 

1 

438.6 

0.0615 

1.0 

Wijs 

1 

409.1 

0.0613 

6.0 

ecu 

1 

435.9 

0.0604 

1.0 

ecu 

1 

438.5 

0 . 0606 

1.0 

ecu 

1 

440.9 

0.0511 

1.0 

ecu 

1 

440.1 

0.0510 

1.0 

ecu 

1 

440.5 

0.0313 

1.0 

ecu 

1 

441.7 

0.0221 

1.0 

ecu 

1 

440.4 

0.0218 

1.0 

ecu 

1 

441.8 

a  Heavy  precipitation  occurs  upon  adding  Wijs  reagent. 

The  end  point  is  reached  when  the  color  change  passes  from 
a  light  brown  to  a  fight  purple  and  finally  to  a  colorless  solution. 
When  the  end  point  is  near,  moderate  shaking  of  the  solution 
is  necessary  after  each  drop  or  partial  drop  of  sodium  thiosulfate 
is  added.  Violent  shaking  should  be  avoided  to  prevent  break¬ 
ing  the  flask.  A  blank  is  carried  through  all  the  operations  of 
heating,  etc.  The  difference  in  cubic  centimeters  of  0.1  N 
thiosulfate  between  the  blank  and  the  sample  titration  is  used 
to  calculate  the  iodine  value: 

T  ,.  ,  cc.  of  0.1  N  Na2S,03  X  1.2692 

Iodine  value  =  - - — ? — ; - 

wt.  ot  sample  in  grams 


Iodine  Value  of  Polybutadiene 

The  effect  of  using  different  solvents  on  the  iodine  value  of 
polybutadiene  (German  sodium  Buna  “85”)  under  various 
conditions  is  shown  by  Table  I.  In  the  experiments  where 
0.1-gram  samples  are  employed  the  iodine  values  are  too 
low  because  the  addition  reaction  is  not  complete.  Some 
precipitation  occurred  in  all  cases  where  solution  was  effected 
by  hot  p-dichlorobenzene  supplemented  by  carbon  disulfide 
or  chloroform  and  where  iodine  chloride  in  carbon  tetrachlo¬ 
ride  was  used.  Where  heavier  precipitation  occurred  using 
Wijs  solution,  the  increased  time  of  reaction  did  not  over¬ 
come  the  low  results.  Heating  for  6  hours  in  p-dichloroben- 
zene  resulted  in  about  1  per  cent  reduction  in  the  iodine 
value.  This  shows  that  the  effect  on  the  unsaturation  as  the 
result  of  heating  for  1  hour  in  p-dichlorobenzene  can  be 
neglected. 

Since  the  excess  iodine  chloride  appeared  important,  a 
series  of  determinations  was  carried  out  varying  the  sample 


weights.  The  samples  were  dissolved  in  50  grams  of  boiling 
p-dichlorobenzene  for  1  hour,  50  cc.  of  carbon  disulfide  and 
25  cc.  of  0.2  N  iodine  chloride  in  carbon  tetrachloride  were 
added,  and  the  reaction  was  carried  out  for  1  hour  at  room 
temperature.  The  results  are  plotted  in  Figure  1  and  show 
that  a  weight  of  sample  of  0.05  to  0.06  gram  is  satisfactory. 
These  weights  correspond  to  an  excess  of  iodine  chloride  of  50 
to  60  per  cent.  About  the  same  excess  was  found  to  be  neces¬ 
sary  to  complete  the  iodine  chloride  reaction  in  1  hour  in  the 
case  of  natural  rubber  ( 6 ) . 

To  determine  the  tendency  of  polybutadiene  to  substitute, 
a  series  of  determinations  was  carried  out  at  room  tempera¬ 
ture  and  at  3  0  C.  with  variations  in  reaction  periods  from  1  to 
24  hours.  The  sample  weight  was  0.06  gram  and  the  proce¬ 
dure  the  same  as  the  other  series  shown  in  Figure  1.  Figure  1 
indicates  that  substitution  takes  place  slowly  even  at  3°  C. 
A  reaction  period  of  1  hour  therefore  appears  to  be  justified, 
since  the  addition  reaction  apparently  is  completed  in  this 
period,  provided  the  proper  excess  of  reagent  is  employed. 
The  high  iodine  values  obtained  by  Cheyney  and  Kelley  after 
a  reaction  period  of  336  hours  are  undoubtedly  due  in  part  to 
substitution. 

The  theoretical  iodine  value  for  polybutadiene  is  469.6. 
The  acetone-extracted  sodium  butadiene  polymer  was  not  a 
pure  hydrocarbon  as  judged  from  its  combustion  analysis. 
The  nonhydrocarbon  portion  appears  to  be  made  up  largely 
of  ash  and  combined  oxygen. 

Two  butadiene  and  one  isoprene  emulsion  polymers  were 
prepared  under  the  supervision  of  B.  S.  Biggs  of  these  labora¬ 
tories.  The  latex  was  coagulated  by  pouring  it  into  an  excess 
of  alcohol  and  the  coagulum  was  washed  in  warm  50  per  cent 
alcohol  and  finally  in  pure  alcohol.  It  was  finally  dried  to 


25 

X- 

3* 

t. 

430i - - - - - - - - - - 

O  4  8  12  16  20  24  26 


0  0.02  0.04  0.06  0.08  0.10  0.12  0.14 

SAMPLE  WEIGHT  IN  GRAMS 

Figure  1.  Iodine  Value  of  Polybutadiene 


July  15,  1943 


ANALYTICAL  EDITION 


455 


Table  II. 


Combustion 
Butadiene 


Analyses  and  Iodine  Values  of 


Polymer 


Polybutadiene  (German 
Na  85)° 

Polybutadiene  (emulsion 
method) 

Polyisoprene  (emulsion 
method) 


AND 

Isoprene 

Polymers 

Carbon 

Hydrogen 

C/H 

Ratio 

Iodine 

Value 

Theo¬ 

retical 

Iodine 

Value 

% 

% 

% 

88.08 

10.87 

8.10 

440.5 

93.7 

88.86 

11.21 

7.93 

455.1 

96.6 

369.1 

99.0 

a  Acetone  extracted  before  analysis. 


constant  weight  under  high  vacuum  at  60°  C.  A  highly  puri¬ 
fied  lot  of  isoprene  was  also  polymerized  by  the  soap  emulsion 
method. 

The  iodine  values  and  analysis  of  these  polymers  are  given 
in  Table  II  in  comparison  with  the  acetone-extracted  German 
Buna  “85”  viscosity  polymer  made  by  mass  polymerization, 
using  sodium  as  a  catalyst.  Whereas  the  German  sodium 
polymer  of  butadiene  has  an  iodine  value  somewhat  below  the 
theoretical  value,  the  unsaturation  of  the  emulsion  polymers 
agreed  fairly  closely  with  theory. 

The  iodine  value  of  440  for  the  extracted  sodium  Buna 
“85”  is  lower  than  theory,  which  is  469.6,  even  when  the  non¬ 
hydrocarbon  portion  is  considered.  The  un¬ 
saturation  of  sodium  Buna  “85”  is  calculated  -.■= 

to  be  93.69  per  cent  of  theory.  This  low  un¬ 
saturation  value,  together  with  its  low  solu¬ 
bility  and  plasticity,  may  be  taken  as  evidence 
of  the  presence  of  some  type  of  interlinkage 
between  the  polymer  chains;  however,  knowl¬ 
edge  of  these  structural  details  is  lacking. 

Chain  branching,  oxygen  bridging,  or  cycliza- 
tion  during  polymerization  has  been  suggested 
to  account  for  the  differences  in  the  properties 
of  butadiene  and  isoprene  polymers  as  compared 
with  natural  rubber. 

Iodine  Value  of  Butadiene- Styrene 
Copolymers 

The  effect  of  using  different  solvents  and 
experimental  conditions  on  the  iodine  value  of 
an  acetone-extracted  75/25  butadiene-styrene 
copolymer  is  shown  in  Table  III.  These  results 
indicate  that  the  use  of  either  chloroform  or 
carbon  disulfide  to  supplement  the  p-dichloro- 


benzene  is  satisfactory,  provided  iodine 
chloride  in  carbon  tetrachloride  is  employed 
in  place  of  Wijs  solution.  Chloroform,  how¬ 
ever,  is  preferred  over  carbon  disulfide  be¬ 
cause  of  the  objectionable  odor  and  fire 
hazard  of  the  latter  solvent. 

Data  from  Table  II,  plotted  in  Figure  2, 
show  evidence  of  very  little  substitution  in 
the  case  of  the  butadiene-styrene  copolymer. 
Reaction  conditions  of  1  hour  at  room 
temperature  appear  to  be  a  satisfactory 
selection  when  iodine  chloride  in  carbon 
tetrachloride  is  employed.  The  use  of  Wijs 
solution  gives  low  results  even  after  a  48- 
hour  reaction  period.  Under  these  conditions 
the  iodine  values  obtained  are  in  agreement 
with  those  of  Cheyney  and  Kelley  (8). 
The  data  in  Figure  2  show  that  Wijs  solu¬ 
tion  is  unsatisfactory  for  use  with  butadiene- 
styrene  copolymers,  whereas  iodine  chloride 
in  carbon  tetrachloride  appears  to  meet  the  necessary  require¬ 
ments.  Iodine  bromide  (Hanus  solution)  was  also  tried  but 
was  found  to  be  slower  than  Wijs  solution  under  identical 
conditions.  After  7  hours’  reaction  period,  the  Hanus  value 
was  318,  in  contrast  with  336  for  the  Wijs  value  for  the  same 
period. 

Reactivity  of  Double  Bonds  in  Buna  S 

Since  some  of  the  double  bonds  in  Buna  S  appear  to  be  lo¬ 
cated  in  side-chain  vinyl  groups  as  a  result  of  1,2  addition 
polymerization  of  the  butadiene,  it  was  thought  that  this 
might  affect  their  reactivity  as  compared  with  the  double 
bonds  in  the  main  chain  resulting  from  1,4  addition.  In 
order  to  detect  such  a  difference,  the  reactivity  of  Buna  S 
with  iodine,  iodine  chloride,  and  iodine  bromide  was  compared 
with  rubber  under  identical  conditions.  These  experiments 
are  outlined  in  Table  IV  and  the  data  show  that  very  little 
difference  exists  between  the  reactivity  of  Buna  S  and  rubber 
hydrocarbons  towards  iodine,  iodine  chloride,  or  iodine  bro¬ 
mide. 

Determination  of  Styrene  in  Butadiene- Styrene 
Copolymers 

Since  no  method  was  available  for  the  determination  of  the 
styrene  content  of  GR  S  rubber  or  other  butadiene-styrene 


Table  III.  Iodine  Number  of  a  Butadiene-Styrene  Copolymer 
under  Various  Experimental  Conditions 


Butadiene- 

Styrene 

Heating 

Period 

in 

Iodine 

Chloride 

Solution 

Temp, 
of  Re¬ 

Time 
of  Re¬ 

Iodine 

Solvents  Employed 

Copolymer 

C6H4CI2 

Used 

action 

action 

Value 

75  cc.  of  CHCla 

Gram 

0.10 

Hours 

Wijs 

0  C. 

20-30 

Hours 

48 

334. 1° 

75  cc.  of  CS2 

0.10 

Wijs 

20-30 

48 

330. 0a 

50  grams  of  C6H4CI2  4-  _  __  .  « 

50  cc.  of  CS2 

0.10 

1.0 

Wijs 

Zb 

1 

3i9.3 

0.10 

1.0 

Wijs 

26 

3 

330.2 

0.10 

1.0 

Wijs 

26 

7 

336.0 

50  grams  of  C6H4CI2  + 

50  cc.  of  CHCla 

0.10 

1.0 

Wijs 

26 

7 

335.8 

50  grams  of  C6H4CI2  4-  _  __  _ 

50  cc.  of  CS2 

0.05 

1.0 

ecu 

29 

1 

6<k6.  O 

0.10 

1.0 

CC14 

29 

1 

343.5 

50  grams  of  C6H4CI2  +  _  _  _  _  « .  .  ^ 

50  cc.  of  CHCI3 

0.10 

1.0 

CCI4 

29 

1 

50  grams  of  C6H4CI2  +  _  _  _  _  „ .  „  ^ 

50  cc.  CS2 

0.10 

6.0 

ceil 

29 

1 

343.2 

0.10 

1.0 

CC14 

29 

3 

345.4 

0.10 

1.0 

CC14 

29 

7 

345.5 

0.10 

1.0 

ecu 

3 

1 

342.2 

0. 10 

1.0 

CC14 

3 

3 

344.0 

0.10 

1.0 

CC14 

3 

7 

343.8 

1  Solid  phase  present  throughout  reaction. 
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Table  IV. 

Relative  Reactivity  towards  Halogens  of 
Buna  S  and  Rubber0 

Addition 

0.2  N  Addition  Agent  Reaction  Reagent  Agent 

Polymer 

Added 

Period 

Min. 

Consumed 

Cc. 

Consumed 

% 

Rubber 

25  cc.  of  h  in  CCb 

240 

0.70 

2.8 

Buna  S 

25  cc.  of  I2  in  CCb 

240 

0.56 

2.3 

Rubber 

11  cc.  of  IC1  in  CCb 

10 

10.56 

96.0 

Buna  S 

11  cc.  of  IC1  in  CCb 

10 

10.00 

91.0 

Rubber 

5  cc.  of  IC1  in  CCb 

10 

4.90 

98.0 

Buna  S 

5  cc.  of  IC1  in  CCb 

10 

4.88 

97.5 

Rubber 

3  cc.  of  IC1  in  CCb 

60 

2.94 

98.0 

Buna  S 

3  cc.  of  IC1  in  CCb 

60 

2.97 

99.0 

Rubber 

3  cc.  of  IBr  in  CCb 

10 

1.90 

63.2 

Buna  S 

3  cc.  of  IBr  in  CCb 

10 

1.90 

63.2 

a  0.1000  gram  of  acetone-extracted  crepe  or  Buna  S  dissolved  in  75  cc.  of 
chloroform  and  reaction  carried  out  in  dark  at  25°  C. 


copolymers,  the  present  authors  employed  combustion  analy¬ 
ses,  using  the  carbon-hydrogen  ratio  to  calculate  the  styrene 
content.  As  the  styrene  content  increases  from  0  to  100  per 
cent  the  carbon-hydrogen  ratio  will  vary  from  7.943  to  11.915, 
as  shown  in  Figure  3.  A  variation  of  ±0.2  per  cent  in  carbon 
will  change  the  carbon-hydrogen  ratio  in  a  21  per  cent  styrene- 
79  per  cent  butadiene  copolymer  by  ±0.017,  which  is  equiv¬ 
alent  to  ±0.5  per  cent  styrene.  A 
variation  of  only  0.023  per  cent 
in  the  hydrogen  content  will  be 
equivalent  to  the  same  change  in 
carbon-hydrogen  ratio  and  styrene 
content;  therefore,  special  precau¬ 
tions  must  be  taken  in  the  com¬ 
bustion  analyses  to  avoid  errors. 

The  present  authors  depended  upon 
a  carefully  conducted  micromethod 
combustion.  These  analyses  were 
carried  out  by  F.  C.  Koch  of 
these  laboratories.  In  the  case  of 
soap-free  polymers,  the  accuracy 
is  believed  to  be  sufficient  to  estab¬ 
lish  the  styrene  content  to  within 
1  or  2  per  cent. 

Data  giving  the  variation  of 
iodine  value  and  per  cent  of 
theoretical  unsaturation  are  shown 
in  Table  V  and  Figure  4  for  co¬ 


polymers  of  butadiene  and  styrene 
of  different  styrene  contents.  The 
largest  group  analyzed  was  the 
regular  commercial  polymer  made  us¬ 
ing  charging  ratios  of  25  styrene  and 
75  butadiene.  In  all  cases  the  de¬ 
termined  styrene  content  was  found 
to  be  somewhat  less  than  the  charg¬ 
ing  ratio.  The  values  for  polybuta¬ 
diene  in  Figure  4  are  those  found  for 
the  sodium  “85”  viscosity  polymer 
and  for  a  purified  benzene-soluble 
polybutadiene  made  by  the  emulsion 
process.  Data  on  the  latter  polymer 
are  given  in  Table  III. 

It  is  to  be  noted  from  Table  V  and 
Figure  4  that  the  iodine  values  of 
butadiene-styrene  copolymers  are 
approximately  proportional  to  their 
styrene  content.  The  iodine  value 
can  therefore  be  employed  to  calculate 
the  styrene  content.  However,  varia¬ 
tions  in  the  amount  of  unsaturation 
lost  during  polymerization  and  the 
presence  of  soap  and  other  impurities  will  influence  the  ac¬ 
curacy  of  such  a  procedure.  The  commercial  emulsion  poly¬ 
mers  contain  variable  amounts  of  inorganic  matter,  their  ash 
contents  usually  varying  from  0.3  to  1.2  per  cent.  Combus¬ 
tion  analyses  indicate  that  they  contain  some  combined 
oxygen,  in  some  cases  possibly  as  much  as  0.2  to  0.5  per  cent. 

The  data  in  Table  V  on  purified  polymers  are  evidence  that 
there  is  very  little  loss  in  unsaturation  in  the  butadiene  be¬ 
yond  the  one  double  bond  per  butadiene  molecule  which 
would  result  from  linear  chain  polymerization.  The  data  on 
the  per  cent  of  theoretical  unsaturation  for  the  butadiene 
present  in  the  acetone-extracted  commercial  polymers  are  un¬ 
doubtedly  influenced  somewhat  by  errors  in  the  results  for 
styrene  content  based  on  microcombustion  analyses.  These 
data  indicate  that  2  to  10  per  cent  of  the  theoretical  unsatura¬ 
tion  of  the  butadiene  after  one  of  its  double  bonds  enters  the 
chain  is  used  up  during  the  polymerization  process.  How¬ 
ever,  it  was  found,  as  shown  in  Table  V,  that  by  careful  frac¬ 
tionation  of  a  benzene  solution  of  a  soap-free  benzene-soluble 
type  polymer  the  unsaturations  of  the  higher  molecular  frac¬ 
tions  are  close  to  the  theoretical  value.  The  whole  polymer, 
No.  12  in  Table  V,  was  unsaturated  to  98.3  per  cent  of  theory. 
In  this  case  the  styrene  content  was  determined  by  an  inter¬ 
ferometer  method  recently  developed  by  W.  O.  Baker  and 


Figure  4 
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Table  V.  Carbon-Hydrogen  Ratios,  Calculated  Styrene 
Contents,  and  Iodine  Values  of  Butadiene-Styrene 
Polymers 


Styrene 

Styrene 

Theoretical 

C/H 

from 

Iodine 

from 

TJnsatura- 

Polymer  Carbon  Hydrogen 

Ratio 

C/H 

Value 

I.  V.° 

tion6 

% 

% 

% 

% 

% 

1 

89.00 

10.39 

8.56 

21.0 

360.0 

23.4 

97.0 

2 

88.28 

10.34 

8.54 

20.8 

342.0 

27.2 

91.9 

3 

88.65 

10.44 

8.50 

19.0 

357.8 

23.9 

94.0 

4 

89.00 

10.36 

8.59 

22.0 

338.2 

28.0 

92.3 

5 

89.04 

10.40 

8.56 

21.0 

341.2 

27.4 

92.0 

6 

89.70 

10.42 

8.61 

22.5 

334.0 

28.9 

91.8 

7 

88.08 

10.36 

8.50 

19.0 

352.8 

24.9 

92.7 

8 

88.85 

10.37 

8.58 

21.6 

342.0 

27.2 

92.9 

9 

88.35 

10.31 

8.56 

21.0 

343.1 

27.0 

92.2 

10 

88.38 

10.28 

8.60 

22.2 

340.0 

27.6 

93.0 

11 

89.09 

10.32 

8.63 

23.2 

343.5 

26.9 

95.2 

12 

88.52 

10.29 

8.61 

22.7 

356.7 

24.1 

98.3 

13 

89.52 

10.13 

8.84 

29.6 

313.4 

33.4 

94.8 

14 

89.27 

9.83 

9.08 

36.4 

291.1 

38.1 

97.4 

15 

89.47 

9.59 

9.33 

44.0 

234.0 

50.0 

89.0 

16 

89.80 

8.81 

10.19 

66.0 

142.4 

69.8 

89.2 

Purified  Polymers 

P-l° 

89.24 

10.28 

8.68 

25.0 

353.5 

24.8 

100.4 

P-2  c 

89.48 

10.23 

8.73 

26.3 

346.5 

26.3 

100.1 

P-3  0 

89.34 

10.25 

8.72 

25.8 

353.3 

24.8 

101.3 

P-4<* 

89.80 

10.42 

8.62 

23.0 

356.1 

24.2 

98.5 

P-5  d 

89.87 

10.32 

8.61 

22.7 

359.3 

23.6 

98.7 

P-6  d 

89.33 

10.35 

8.63 

23.2 

359.1 

23.6 

99.5 

P-7  d 

89.26 

10.25 

8.70 

25.3 

359.8 

23.5 

100.3 

P-8d 

89.27 

10.29 

8.67 

24.5 

359.6 

23.5 

100.1 

P-9  d 

88.76 

10.35 

8.58 

21.9 

355.5 

24.4 

97.0 

P-10  d 

88.06 

10.30 

8.55 

20.7 

352.1 

25.0 

94.8 

„  ~  , „„  /iodine  value  .  . 

°  %  styrene  =  100  -  ( - q -  100  J. 

6  Calculated  by  employing  469.6  as  the  theoretical  iodine  value  for  poly- 

,  _ .  _ iodine  value  of  polymer  X  100 _  —  or  < 

u  a  ene  i.  e.,  proportion  of  butadiene  in  polymer  X  469.6  0 

theoretical  unsaturation. 

c  Prepared  by  coagulation  of  polymer  emulsion  with  alcohol  and  washing 
with  alcohol.  Addition  of  antioxidant  was  omitted. 

d  Prepared  from  benzene-soluble  soap-free  commercial  polymer  No.  12 
by  fractional  coagulation  from  dilute  benzene  solution  upon  addition  of 
methyl  alcohol.  These  fractions  represent  about  90  per  cent  of  the  polymer 
and  are  given  in  order  of  decreasing  molecular  weights. 


J.  H.  Heiss  of  these  laboratories,  giving  a  styrene  content  of 
23.4  per  cent  and  a  theoretical  unsaturation  of  99.1  per  cent. 

In  the  case  of  benzene-soluble  emulsion-type  polymers 
purified  by  coagulation  and  washing  with  ethyl  alcohol, 
the  data  in  Table  V  show  that  very  little  loss  in  the 
unsaturation  of  butadiene  beyond  one  of  its  double  bonds 
occurs  during  polymerization.  In  this  case  the  styrene 
contents  given  were  also  checked  by  the  above-mentioned 
interferometer  method.  The  iodine  values  of 
the  alcohol  precipitated  and  purified  emulsion 
polymers  from  pure  butadiene  and  specially 
purified  isoprene  also  showed  close  agreement 
with  theory. 

Since  soap  is  not  removed  by  acetone  extrac¬ 
tion,  its  presence  in  the  polymer  will  reduce 
the  iodine  value.  The  soap  content  is  generally 
less  than  1  per  cent,  but  in  some  cases  more 
may  be  present.  In  a  special  case  where  a 
polymer  was  found  to  contain  5.25  per  cent 
soluble  soap  calculated  as  sodium  stearate  the 
iodine  value  of  the  acetone-extracted  residue 
was  found  to  be  345.1.  When  the  acetone- 
extracted  polymer  was  refluxed  with  a  mixture 
of  2  volumes  of  benzene  and  1  of  alcohol  for  1 
hour  to  remove  this  soap,  the  iodine  value  of 
the  polymer  increased  to  350.6.  This  is  a  lower 
value  than  expected,  which  can  only  be  ac¬ 
counted  for  on  the  basis  that  the  soap  acids 
were  unsaturated. 

The  presence  of  soap  will  lower  the  carbon- 
hydrogen  ratio,  resulting  in  calculated  styrene 
contents  which  are  too  low.  Consequently  the 
calculated  per  cent  of  theoretical  unsaturation 
will  be  too  low.  The  presence  of  soap  and  other 


impurities  will  reduce  the  iodine  value,  which  also  results  in 
a  lower  calculated  theoretical  unsaturation. 

When  the  styrene  content  is  calculated  from  the  iodine 
value  as  shown  in  Table  HI,  it  is  seen  that  the  presence  of 
impurities  giving  a  low  iodine  value  will  result  in  a  calculated 
styrene  content  which  is  too  high.  This  method  for  obtaining 
the  styrene  content  will  also  give  too  high  results  if  the  buta¬ 
diene  present  does  not  have  theoretical  unsaturation.  If 
care  is  taken  to  remove  the  soap,  the  iodine  value  method 
should  prove  to  be  a  fairly  accurate  procedure  for  determin¬ 
ing  the  styrene  content  of  commercial  GR  S. 

Iodine  Value  of  Butadiene-Acrylic  Nitrile 
Polymers 

The  effect  of  different  reaction  conditions  on  the  iodine 
value  of  butadiene-acrylic  nitrile  copolymer  is  shown  in  Table 
VI.  These  data  show  that  either  of  two  procedures  is  satis¬ 
factory.  In  one  procedure  the  polymer  can  be  passed  60 
times  through  a  tight  mill  roll  and  rendered  soluble  in  chloro¬ 
form,  thereby  avoiding  the  use  of  p-dichlorobenzene.  How¬ 
ever,  to  save  time  a  lesser  amount  of  milling  together  with 
the  use  of  p-dichlorobenzene  will  be  found  advantageous. 
In  either  case  the  use  of  Wijs  solution  is  preferred,  along  with 
addition  of  50  cc.  of  chloroform  to  the  p-dichlorobenzene  solu¬ 
tion.  The  polar  nature  of  the  glacial  acetic  acid  increases  the 
solubility  of  the  polymer  and  its  iodine  chloride  addition  prod¬ 
uct. 

The  results  of  chemical  analysis  and  iodine  value  of  these 
polymers  are  given  in  Table  VII,  together  with  butadiene 
contents  calculated  from  both  carbon-hydrogen  ratios  and 
nitrogen  contents.  The  loss  in  unsaturation  upon  polymeriza¬ 
tion  is  higher  than  in  the  case  of  the  butadiene-styrene  poly¬ 
mers.  This  is  also  reflected  in  the  low  plasticity  and  diffi¬ 
culty  in  processing  the  nitrile  copolymers,  since  cross-linking 
or  cyclization  reactions  during  polymerization  would  be  ex¬ 
pected  to  result  in  loss  of  unsaturation  and  decreased  processi- 
bility. 

Iodine  Value  of  Polychloroprene 

Tests  made  on  GN  neoprene  using  the  present  method 
showed  that  in  2  hours  at  room  temperature  the  reaction  had 
proceeded  to  56.9  per  cent  completion  (iodine  value  169.1) 


Table  VI.  Iodine  Value  of  Butadiene-Nitrile  Copolymers  under 
Various  Experimental  Conditions 


Solvents  Employed 


Buta¬ 
diene-  No.  of 
Nitrile  Passes 
Co-  through 
polymers  Mill 
Gram 


Heating 

Period 

in 

C«H<CU 

Hours 


Iodine 

Chloride  Time 
Solution  of  Re- 
Used  action 
Hours 


Iodine  Value0 


(Copolymer  containing  6.54%  nitrogen) 


50  grams  of  C8H4CU  + 

50  cc.  of  CS2 

50  grams  of  CsHtCU  + 

0.1 

0 

2.5 

Wijs 

1 

315.36 

ecu 

1 

306.06 

50  cc.  of  CHCU 

0.1 

0 

2.5 

0.1 

20 

1.25 

Wijs 

1 

302.1  (303.0) 

0.1 

0 

2.5 

Wijs 

1 

300.0  (302.5) 

50  grams  of  CSH4CI2  + 

75  cc.  of  CHCU 

50  grams  of  CHRCU  + 

0.1 

0 

2.5 

Wijs 

1 

302.2 

Wijs 

300.5 

50  cc.  of  CHCU 

0.1 

0 

2.5 

3 

0.1 

0 

2.5 

Wijs 

7 

306.0  (307.2) 

0.05 

0 

2.5 

Wijs 

7 

306.2 

0.1 

0 

4.5 

Wijs 

1 

300.1 

50  grams  of  C6H4CU  + 

75  cc.  of  CHCU 

50  grams  C6H4CU  + 

0.1 

0 

4.5 

Wijs 

1 

300.4 

Wijs 

239.0  (245.3) c 

50  cc.  of  CHCU 

0.1 

0 

9 

3 

0.1 

20 

3 

Wijs 

3 

264.8  (263.8) 

0.1 

60 

2 

Wijs 

3 

262.0 

0.1 

60 

1 

Wijs 

3 

265.8 

0.05 

60 

1 

Wijs 

3 

265.5 

75  cc.  of  CHCU 

0.05 

60 

Wijs 

3 

264.2 

0.05 

60 

. . 

Wijs 

30 

268.2 

°  Reaction  carried  out  at  room  temperature. 
6  Heavy  ppt.  formed. 
c  Polymer  undissolved. 
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Table  VII.  Analyses  of  Butadiene-Acrylic  Nitrile 
Polymers 

Polymers 


Regular  nitrile 

High  nitrile 

content 

content 

Carbon,  per  cent 

81.53 

79.80 

Hydrogen,  per  cent 

9.53 

8.90 

C/H  ratio 

8.55 

8.97 

Butadiene  content  from  C/H  (A),  per  cent 

79.2 

66.5 

Nitrogen,  per  cent 

6.54 

10.19 

Acrylic  nitrile,  per  cent 

24.8 

38.5 

Butadiene  from  N  (B),  per  cent 

75.2 

61.5 

Iodine  value 

302.2 

266 

Theoretical  iodine  value  from  A,  per  cent 

81.0 

85.0 

Theoretical  iodine  value  from  B,  per  cent 
Average  %  theoretical  iodine  value  from 

86.0 

92.3 

A  and  B 

83.5 

88.6 

and  to  64.6  per  cent  (iodine  value  191.9)  after  a  24-hour 
reaction  period.  The  theoretical  iodine  value  for  polychloro- 
prene  is  297.1.  As  no  difficulties  were  experienced  in  the 
procedure,  it  is  concluded  that  the  chlorine  atom  attached 
to  the  carbon  atom  in  the  second  position  in  the  butadiene 
base  unit  offers  hindrance  to  the  iodine  chloride  addition 
reaction.  This  was  previously  noted  (6),  when  it  was  found 
that  addition  of  iodine  chloride  by  the  Kemp-Wijs  method 
took  place  to  the  extent  of  only  30  per  cent.  A  comparison 
of  these  results  also  shows  the  greater  activity  of  the  iodine 
chloride  in  carbon  tetrachloride.  Another  experiment  em¬ 
ploying  the  present  procedure  using  0.05  gram  of  neoprene 
and  a  24-hour  reaction  period  at  room  temper¬ 
ature  resulted  in  forcing  the  addition  to  67.3 
per  cent,  corresponding  to  an  iodine  value  of 
199.9. 


more  reactive  than  Wijs  solution,  causing  considerable  substi¬ 
tution.  In  the  case  of  a  1.45  butyl  rubber,  the  iodine  values 
at  room  temperature  and  1-hour  reaction  period  in  the  dark 
were:  Hanus,  6.86;  iodine  chloride  in  carbon  tetrachloride, 
6.57;  and  Wijs,  4.25. 

Estimation  of  Natural  and  Synthetic  Rubber  in 
Mixed  Vulcanizates 

The  chromic  acid  oxidation  method  of  Kheraskova  and 
Korsunskaya  (7)  which  was  improved  by  Burger,  Donaldson, 
and  Baty  {2)  serves  to  determine  the  natural  rubber  content 
of  a  mixture  of  GR  S  and  natural  rubber.  This  method,  how¬ 
ever,  will  not  give  the  combined  amount  of  natural  and  GR  S 
rubber  in  an  unknown  vulcanized  mixture.  For  this  purpose 
the  authors  have  applied  the  present  method  to  finely  divided 
samples  which  were  first  acetone-  and  chloroform-extracted  in 
the  regular  manner. 

The  composition  tested  was  a  tread  formula  given  in  Table 
IX.  The  results  of  analysis  presented  in  this  table  appear  to 
be  satisfactory. 

Duplicability  of  Method 

The  duplicability  of  the  present  iodine  chloride  method  is 
indicated  by  Table  X,  which  shows  that  the  present  procedure 
as  applied  either  to  crepe  or  butadiene-styrene  copolymers  is 
probably  duplicable  within  ±0.25  per  cent.  Care  must  be 
taken,  however,  to  guard  against  nonhomogeneity  in  the 


Table  VIII.  Iodine  Number  and  Isoprene  Content  of  Butyl  Rubber 
and  Polyisobutylene  under  Various  Experimental  Conditions 


Iodine  Value  of  Butyl  Rubber 

The  present  method,  or  the  Kemp-Wijs 
procedure,  was  found  not  to  be  applicable  to 
butyl  rubber,  since  substitution  occurs  so  readily 
in  both  procedures  as  to  introduce  large  un¬ 
certainties  in  the  low  unsaturation  values. 
Various  procedures  have  been  studied  (Table 
VIII). 

Samples  of  0.5  gram  were  used  in  all  cases. 
In  the  case  of  chloroform  only  as  the  solvent,  it 
required  overnight  to  dissolve  the  butyl  rubber. 
When  hot  p-dichlorobenzene  was  employed,  as  in 
the  case  of  the  butadiene  polymers,  the  solution 
time  ranged  from  20  to  30  minutes.  The  concen¬ 
tration  of  sodium  thiosulfate  solution  was  reduced 
to  0.05  N  to  increase  the  accuracy  of  the  titration. 
In  other  respects  the  procedure  was  the  same 
as  previously  outlined. 

The  best  choice  of  analytical  procedure  ap¬ 
pears  to  be  to  employ  50  grams  of  p-dichloro¬ 
benzene  and  50  cc.  of  chloroform  as  a  solvent  to 
obtain  maximum  speed.  The  use  of  5  cc.  of  Wijs 
solution  and  carrying  out  the  reaction  for  2  hours 
in  the  dark  at  ice-water  temperature  appear  to  keep 
substitution  at  a  minimum,  and  at  the  same  time 
complete  the  addition  reaction  with  a  series  of 
butyl  rubbers  of  varying  unsaturation. 

It  is  seen  that  a  sample  of  polyisobutylene 
having  an  average  molecular  weight  of  about 
30,000  has  an  iodine  value  of  1.36,  correspond¬ 
ing  to  an  unsaturation  of  0.36  per  cent.  If 
this  unsaturation  arises  from  free  end  valences, 
the  unsaturation  of  the  butyl  rubber  arising 
from  the  addition  of  the  diolefin  should  be 
corrected  by  subtracting  this  value.  On  the 
other  hand,  polyisobutylene  may  contain  some 
diolefin. 

Hanus  solution  and  iodine  chloride  in  carbon 


Iodine 

Chloride 


Solution 

Reac¬ 

Reac¬ 

Used, 

tion 

tion 

Iodine 

Unsatu¬ 

Polymer 

Solvents  Used 

Wijs 

Period 

Temp. 

Value 

ration11 

Cc. 

Hours 

0  C. 

% 

Butyl  B-1.45 

100  cc.  of  CHCls 

20 

0.5 

24 

5.37 

1.44 

20 

1 

24 

6.00 

1.61 

20 

4 

24 

7.10 

1.90 

10 

0.5 

24 

4.90 

1.31 

10 

1 

24 

5.49 

1.47 

10. 

4 

24 

6.65 

1.78 

5 

0.5 

24 

4.13 

1.11 

5 

1 

24 

4.50 

1.21 

5 

4 

24 

5.62 

1.51 

2 

0.5 

24 

3.22 

0.86 

2 

1 

24 

3.22 

0.86 

2 

4 

24 

3.48 

0.93 

10 

0.5 

3 

3.87 

1.04 

10 

1 

3 

4.24 

1.14 

10 

4 

3 

4.88 

1.31 

5 

0.5 

3 

3.36 

0.90 

5 

1 

3 

3.44 

0.92 

5 

4 

3 

3.86 

1.04 

3 

0.5 

3 

3.29 

0.88 

3 

1 

3 

3.32 

0.89 

3 

4 

3 

3.49 

0.94 

2 

0.5 

3 

3.17 

0.85 

2 

1 

3 

3.22 

0.86 

2 

4 

3 

3.17 

0.85 

Polyisobutylene, 

30,000  molecular 

weight 

20 

1 

24 

1.37 

0.37 

10 

1 

3 

1.37 

0.37 

2 

0.5 

3 

1.39 

0.37 

2 

1 

3 

1.37 

0.37 

2 

4 

3 

1.39 

0.37 

50  grams  of  C6H4CI2 

50  cc.  of  CHCI3 

5 

0.25 

3 

1.09 

0.30 

5 

1 

3 

1.15 

0.31 

5 

2 

3 

1.36 

0.36 

5 

3 

3 

1.36 

0.36 

Butyl  X 

5 

0.25 

3 

3.00 

0.81 

5 

1 

3 

3.20 

0.86 

5 

2 

3 

3.32 

0.89 

5 

3 

3 

3.32 

0.89 

Butyl  X-l 

5 

0.25 

3 

4.58 

1.23 

5 

1 

3 

5.16 

1.38 

5 

2 

3 

5.36 

1.44 

5 

3 

3 

5.46 

1.46 

Butyl  X-2 

5 

0.25 

3 

6.50 

1.74 

5 

1 

3 

7.35 

1.97 

5 

2 

3 

7.80 

2.09 

5 

3 

3 

7.91 

2.12 

„  TT  ,  , .  iodine  number  of  polymer  X  100 

°  Unsaturation  =  - „  - . 


tetrachloride  were  tried  but  were  found  to  be 
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Table  IX.  Analysis  of  Natural  and  GR  S  Vulcanizates 


Rubber  Tread  Compositions'* 1 2 

I 

II 

III 

GR  S  (21%  styrene) 

100.00 

50.00 

25.00 

Smoked  sheets 

50.00 

75.00 

Stearic  acid 

3.00 

3.00 

3.00 

Kosmobile  77 

45.00 

45.00 

45.00 

Zinc  oxide 

5.00 

5.00 

5.00 

Sulfur 

3.00 

3.00 

3.00 

Santocure 

1.25 

1.25 

1.25 

El.  Sixty 

0.50 

0.50 

0.50 

Total 

157.75 

157.75 

157.75 

Calculated  Rubber  Contents 


Natural  rubber,  per  cent 

0.00 

31.8 

47.6 

Natural  rubber  hydrocarbon  (%  natural 

rubber  X  0.95),  per  cent 

0.00 

30.2 

45.2 

GR  S  rubber,  per  cent 

63.4 

31.7 

15.8 

GR  S  rubber  hydrocarbon  (%  GR  S  X 

0.925),  per  cent 

58.7 

29.3 

14.7 

Chemical  Analysis 

Acetone  extract,  per  cent 

7.8 

5.6 

4.0 

Chloroform  extract,  per  cent 

2.0 

1.0 

0.75 

Sulfur,  combined,  per  cent 

1.27 

1.86 

2.13 

Iodine  value 

225. 1 

232.6 

235.2 

Natural  R.  H.  (chromic  acid  method), 

per  cent 

1.45 

31.3 

45.3 

Natural  rubber,  per  cent 

1.53 

33.0 

47.6 

GR  S  hydrocarbon,  per  cent 

58.8 

29.0 

15.9 

GR  S  rubber  (GR  S  hydrocarbon  -f-  0.93), 

per  cent 

63. 1 

31.2 

17.1 

%  GRS  hydrocarbon  =  — 

-  372.8  C 

X  100 

A  =  iodine  value  of  extracted  vulcanizate 

B  =■  combined  per  cent  acetone  and  chloroform  extracts 

C  =  per  cent  natural  rubber  hydrocarbon.  Determined  by  chromic  acid 
method 

D  =•  iodine  value  of  extracted  GR  S.  Average  for  13  lots  GR  S  rubber  = 
347.0 

3  Vulcanized  20  minutes  at  142°  C. 


samples.  Errors  in  sample  weight  should  be  kept  within 
±0.0001  gram  and  the  titration  within  ±0.03  cc.  Since  the 
end  point  in  the  titration  is  sensitive  to  0.01  cc.  it  is  not  diffi¬ 
cult  to  duplicate  results  within  the  above  limits. 

Substitution  takes  place  more  readily  with  the  new  method 
than  with  the  Kemp-Wijs  procedure,  owing  to  the  greater 
chemical  activity  of  the  iodine  chloride  in  carbon  tetrachlo¬ 


ride  as  compared  with  the  Wijs  reagent.  By  limiting  the  time 
of  reaction  to  1  hour,  the  error  due  to  substitution  is  very  small 
and  as  judged  from  the  results  on  crepe  rubber  the  addition 
reaction  appears  to  be  completed  in  this  time. 


Table  X.  Iodine  Value  of  Crepe  and  Butadiene-Styrene 


Copolymer 

Rubber 

UNDER 

Various 

Conditions 

Reac¬ 

Reac¬ 

tion 

tion 

Iodine 

Polymer 

Method 

Time 

Temp. 

Value 

Difference 

Hours 

0  C. 

% 

A 

Present 

1 

'  24 

356.1 

0.34 

1 

24 

357.3 

B 

Present 

1 

24 

312.7 

314.2 

0.49 

C 

Present 

1 

24 

296.6 

297.4 

0.27 

Crepe  rubber 

Present 

1 

24 

352.3 

0.09 

Crepe  rubber3 4 5 6 7 

Present 

1 

24 

352.0 

Crepe  rubber 

Present 

16 

24 

373.0 

Crepe  rubber3 

Kemp-Wijs 

2 

3 

352.5 

Crepe  rubber3 

Kemp-Wijs 

1 

24 

353.9 

3  12  passes  through  tight  mill  rolls. 


Conclusion 

The  procedures  outlined  in  this  paper  make  it  possible  to 
determine  accurately  the  unsaturation  of  a  wide  range  of 
synthetic  rubberlike  substances  prepared  by  the  polymeriza¬ 
tion  of  mono-  and  diolefins. 
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Preparation  of  Phosphomolybdic  Acid  from  Phosphoric 

Acid  and  Pure  Molybdic  Acid 

ARTHUR  LINZ,  Climax  Molybdenum  Co.,  New  York,  N.  Y. 


METHODS  of  preparation  of  phosphomolybdic  acid 
appearing  in  the  literature  are  intricate  and  indirect, 
usually  involving  several  intermediate  steps  (2).  This  re¬ 
agent  can,  however,  be  directly  prepared  from  pure  molybdic 
oxide  and  phosphoric  acid  ( 1 ).  The  molybdic  oxide  used  by 
the  author  contained  not  more  than  0.05  per  cent  impurities. 

The  method  given  below  saves  both  time  and  materials 
in  this  preparation.  It  is  applicable  also  to  the  preparation 
of  phosphotungstic  acid  by  substitution  of  tungstic  for 
molybdic  oxide.  By  changing  the  molecular  proportions, 
any  one  of  the  heteropoly  acids  of  phosphorus  and  molyb¬ 
denum  can  be  produced.  The  same  holds  true  for  tungsten. 

Pure  molybdic  oxide  (144  grams,  1  mole)  is  weighed  out  and  to 
it  are  added  9.61  grams  (1/12  mole)  of  85  per  cent  phosphoric 
acid  (U.  S.  P.)  and  enough  water  to  make  a  total  volume  of  ap¬ 
proximately  1.5  liters.  On  stirring,  the  suspension  is  white, 
having  the  appearance  of  milk.  It  is  placed  on  a  hot  plate  and 
heated  to  boding.  As  the  temperature  increases  the  color 
changes  from  white  to  a  canary  yellow.  After  boiling  for  ap¬ 
proximately  3  hours,  some  molybdic  oxide  still  remains  in  sus¬ 
pension.  It  is  allowed  to  settle  2  minutes  and  filtered  on  an 
11-cm.  No.  52  Whatman  filter  paper.  The  residue  is  washed 


with  50  cc.  of  distilled  water.  The  dried  residue  weighs  27.6 
grams,  so  that  only  116.4  grams  of  molybdic  oxide  have  gone 
into  solution.  The  filtrate  is  clear  and  deep  yellow  in  color. 
It  is  evaporated  in  a  1500-cc.  beaker  on  the  hot  plate  (requiring 
about  3  hours)  to  a  volume  of  approximately  100  cc.  The  solu¬ 
tion  at  this  point  is  deep  orange  in  color  and  boils  at  106°  C. 
It  is  then  removed  from  the  hot  plate  and  allowed  to  cool  to 
room  temperature  overnight.  The  crystals  which  form  occupy 
almost  the  entire  volume,  leaving  only  a  small  amount  of  super¬ 
natant  liquid.  The  crystals  are  filtered  without  washing  and 
dried  somewhat  on  a  9-cm.  No.  41-H  Whatman  filter  paper. 

The  filtrate  has  a  volume  of  18  cc.  and  contains  some  10 
to  15  grams  of  phosphomolybdic  acid.  The  damp  crystals 
weigh  130  grams  when  dried  at  room  temperature  in  a 
vacuum,  and  the  final  weight  is  111.7  grams.  The  product  is 
deep  yellow  to  orange  in  color  and  has  lost  some  of  its  crystal¬ 
line  appearance. 
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Improved  Electrometric  Apparatus 

For  Use  with  the  Karl  Fischer  Method  for  Determination  of  Water 

c.  dana  McKinney,  jr.,  and  r.  t.  hall 

Hercules  Powder  Company,  Experiment  Station,  Wilmington,  Del. 


WATER  is  one  of  the  materials  most  frequently 
determined  in  analytical  laboratories;  the  control  of 
many  plant  operations  and  the  evaluation  of  many  research 
data  are  dependent  on  a  knowledge  of  the  water  content  of 
the  products  and  intermediates  concerned. 

One  of  the  best  of  the  numerous  methods  so  far  developed, 
first  proposed  by  Fischer  in  1935  (4?),  involves  the  direct  deter¬ 
mination  of  water  by  titration  with  a  solution  of  iodine,  sulfur 
dioxide,  and  pyridine  in  methanol.  Since  that  time.  Smith, 
Bryant,  and  Mitchell  (5)  have  studied  the  nature  of  the  re¬ 
action  and  established  the  proper  stoichiometric  relationship 
of  the  various  constituents  of  the  reagent  and  their  relation 
to  the  water  removed.  In  their  work  the  end  point  was  deter¬ 
mined  visually — i.  e.,  taken  at  the  point  where  the  color  of  the 
solution  being  titrated  changed  from  pale  yellow  to  a  dark  brown, 
owing  to  a  small  excess  of  the  reagent. 

For  dark-colored  samples,  Almy,  Griffin,  and  Wilcox  ( 1 ) 
developed  a  potentiometric  method  for  determining  the  end 
point  by  measuring  the  potential  difference  of  a  platinum- 
tungsten  electrode  system.  Although  this  method  gave  good 
results,  the  laboratory  model  Beckman  pH  meter  used  for 
measuring  the  electromotive  force  is  expensive  and  the  change 
of  e.  m.  f.  at  the  end  point  is  comparatively  small,  only  about  20 
millivoits. 

Wernimont  and  Hopkinson  (6)  recently  utilized  the  “dead- 
stop”  end-point  method  of  Foulk  and  Bawden  (8)  and  pointed 
out  that  this  method  gives  sharper  and  more  reproducible  end 
points  than  either  the  visual  or  the  potentiometric  method. 
The  dead-stop  method  is  based  on  the  fact  that  when  an  electro¬ 
motive  force  of  about  10  millivolts  is  impressed  upon  two  plat¬ 
inum  electrodes  immersed  in  Karl  Fischer  reagent,  current  flows 
so  that  the  galvanometer  is  deflected  off  the  scale.  During  the 
titration  the  galvanometer  remains  deflected  until  at  the  end 
point  it  suddenly  comes  to  zero  reading.  The  work  of  these 
authors  was  duplicated  in  this  laboratory  with  excellent  success. 

Apparatus  and  Reagents 

This  paper  describes  a  simpler,  less  ex¬ 
pensive  electrometric  apparatus  using  the 
dead-stop  technique  for  determining  the  end 
point.  The  parts  can  be  procured  for  about 
ten  dollars.  The  assembly  is  rugged  and 
is  suitable  for  use  in  either  research  or  plant 
control  laboratories. 

In  this  apparatus  the  rather  delicate  and  ex¬ 
pensive  galvanometer  used  by  Wernimont  and 
Hopkinson  ( 6 )  is  replaced  by  a  cathode  ray 
“magic  eye”  tube  of  the  type  used  in  a  great 
number  of  laboratory  instruments.  The  cir¬ 
cuit  used  is  essentially  the  titrimeter  circuit 
of  Serf  ass  (4),  modified  and  adapted  to  the 
determination  of  the  Karl  Fischer  end  point. 

Two  platinum  electrodes  with  a  small  polariz¬ 
ing  voltage  are  placed  in  the  solution  being 
titrated.  The  electrical  changes  on  these  elec¬ 
trodes  are  amplified  by  a  6F5  vacuum  tube. 

The  amplifier  is  coupled  to  the  6E5  cathode  ray 
tube  which  serves  as  the  indicator. 

The  power  for  this  apparatus  is  furnished 
by  the  110-volt  alternating  current  lines 
through  a  6H6  tube  acting  as  a  rectifier- 
doubler.  The  original  Serfass  circuit  did  not 
use  the  rectifier  as  a  doubler,  thus  allowing 
his  titrimeter  to  be  used  on  both  alternating 
and  direct  current  supply  lines.  The  authors’ 
rectifier-doubler  circuit  gives  approximately  a 


250-volt  direct  current  supply  for  the  operation  of  the  amplifier  and 
cathode  ray  tubes.  Although  it  cannot  be  used  on  direct  current 
supply  lines,  this  circuit  has  the  advantage  of  giving  a  much 
brighter  fluorescence  on  the  target  of  the  6E5  cathode  ray  tube. 
The  proper  setting  of  the  sensitivity  control,  a  control  for  varying 
the  bias  of  the  grid  of  the  6F5  tube,  was  found  in  all  cases  to  be 
the  position  of  minimum  resistance;  therefore,  this  control  was 
omitted  from  the  finished  instrument.  Since  it  is  necessary 
to  use  a  polarizing  voltage  at  all  times,  no  provision  is  made  for 
disconnecting  this  polarizing  voltage. 

The  polarizing  voltage  is  controlled  by  the  current  flowing 
through  the  6F5  tube  and  varies  with  this  current.  At  the 
beginning  of  the  titration,  this  voltage  is  less  than  1  millivolt  and 
increases  to  about  15  millivolts  at  the  end  point.  The  current 
flowing  between  the  electrodes  dining  the  titration  is  about 
5  microamperes  and  becomes  practically  zero  at  the  end 
point. 

It  was  found  that  fluctuations  of  5  volts  or  less  in  the  line 
voltage  do  not  have  an  appreciable  effect  on  the  end  point. 
Such  fluctuations  do  cause  small  changes  in  the  eye  position, 
but  the  end  point  is  still  readily  discernible.  If  the  supply 
voltage  is  unstable,  a  constant-voltage  transformer  should  be 
used  or  a  voltage  regulator  tube  should  be  incorporated  into  the 
circuit. 

The  electrometric  assembly  is  wired  in  accordance  with  Figure 
1  and  is  mounted  in  a  small  metal  cabinet.  The  complete  setup 
is  shown  in  Figures  2  and  3. 

Titrations  are  made  by  adding  an  excess  of  Karl  Fischer  re¬ 
agent  and  back-titrating  the  excess  with  a  standard  solution  of 
water  in  methanol.  The  direct  titration  of  the  sample  with 
Karl  Fischer  reagent  was  tried  but  was  found  to  give  pre¬ 
mature  and  fading  end  points.  It  was  decided,  therefore,  to 
adopt  the  back-titration  with  standard  methanol.  The  titration 
flask  containing  the  sample  with  excess  Karl  Fischer  reagent 
is  placed  in  position  beneath  the  standard  methanol  buret.  The 
eye  control  is  turned  carefully  to  the  point  where  the  “magic 
eye”  is  completely  open.  The  eye  control  must  not  be  turned 


Figure  1.  Wiring  Diagram  for  Electrometric  Apparatus 


fti.  100,000-ohm  fixed  resistor,  0.5  watt 
ft?,  Ri.  1000-ohm  fixed  resistors,  1  watt 
R<.  25,000-ohm  fixed  resistor,  1  watt 

Ri.  500,000-ohm  fixed  resistor,  1  watt 
Ri.  350-ohm  resistor  (in  line  cord) 
ft;.  25,000-ohm  volume  control 


T  i.  6F5 
Ti.  6E5 
T$.  6H6 

SFi.  Single-pole  single-throw  toggle  switch 
Ci,  Ci.  4-juf.  electrical  condenser,  450  volts 
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Figure  2.  Electrometric  Portion  of  Apparatus 


beyond  this  point.  The  standard  methanol  is  added  at  a  rate 
of  1  to  2  drops  per  second  until  the  eye  starts  to  close,  when  the 
addition  of  methanol  is  stopped.  The  eye  will  completely  close 
within  2  to  5  seconds.  This  slight  lag  is  a  characteristic  of  the 
reaction  and  has  been  observed  by  other  workers  using  both  the 
potentiometric  and  dead-stop  methods. 

Since  it  is  essential  that  atmospheric  moisture  be  carefully 
excluded  from  the  reagents,  an  all-glass  Schilling  buret  (Ace  Glass 
Co.,  Catalog  No.  3325)  is  used  to  dispense  the  Karl  Fischer  re¬ 
agent.  The  methanol  solution  of  water  used  for  the  back- 
titration  is  measured  in  a  buret  with  a  two-way  stopcock,  using 
a  2-liter  bottle  for  a  reservoir.  The  tip  of  this  buret  was  modified 
by  sealing  on  a  tip  of  the  shape  necessary  to  fit  the  Bakelite 
stopper  used  to  support  the  electrodes  and  prevent  the  entrance 
of  atmospheric  moisture.  Both  reagent  reservoirs  and  burets 
are  protected  from  atmospheric  moisture  with  drying  tubes 
filled  with  Drierite. 

The  reagents  and  the  Bakelite  stopper  are  the  same  as  those 
used  by  Almy,  Griffin,  and  Wilcox  ( 1 ).  The  Karl  Fischer  re¬ 
agent  is  prepared  so  that  the  molar  ratio  of  iodine-sulfur  dioxide- 
pyridine  is  1:3:8. 

Procedure 

Weigh  a  sample  containing  50  to  150  mg.  of  water  into  a 
titration  flask.  A  150-ml.  extraction  flask  is  convenient  for  this 
titration.  If  the  sample  is  a  solid  or  a  viscous  liquid,  add  50  ml. 
of  anhydrous  methanol  to  serve  as  a  solvent.  The  water  content 
of  this  methanol  must  be  determined  by  titrating  a  50-ml. 
portion  and  correcting  the  results  accordingly. 

If  the  solid  is  insoluble  in  methanol,  allow  the  sample  to  stand 
in  contact  with  the  solvent  for  30  minutes.  This  procedure  is 
adequate  for  finely  divided  solids  such  as  wood  pulp,  nitro¬ 
cellulose,  and  cotton  linters.  For  dense  granular  samples  such 
as  proteins  and  ammonium  nitrate,  the  methanol  and  sample 
must  be  heated  to  boiling,  stoppered,  and  cooled  to  room  tem¬ 
perature  before  titrating  with  the  Karl  Fischer  reagent. 

Add  the  standardized  Karl  Fischer  reagent  to  the  sample  until 
this  reagent  is  present  in  a  1-  to  2-ml.  excess,  indicated  by  the 
change  of  color  of  the  solution  being  titrated  from  pale  yellow 
to  dark  brown.  Place  the  titrating  flask  beneath  the  standard 


methanol  buret,  adjust  the  “magic  eye”  as  described  above, 
and  titrate  until  the  eye  closes. 

In  making  the  calculations,  the  equivalence  factors  of  the 
solutions  are  most  conveniently  expressed  as  milligrams  of  water 
per  milliliters  of  solution. 


Table  I.  Analysis  of  Known  Solutions  of  Water  in 
Methanol 


Sample 

Water 

Water 

Total 

Water 

No. 

Present 

Added 

Water 

Found 

Difference 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

11.7 

56.5 

68.2 

67.3 

-0.9 

2 

11.7 

47.7 

59.4 

59.5 

+0.1 

3 

11.7 

55.0 

66.7 

66.8 

+0.1 

4 

11.7 

139.1 

150.8 

151.3 

+0.5 

5 

11.7 

121.4 

133.1 

132.3 

-0.8 

6 

11.7 

123.2 

134.9 

134.3 

-0.6 

7 

11.7 

168.2 

179.9 

179.5 

-0.4 

8 

11.7 

184.6 

196.3 

196.4 

+0.1 

Application  of  Method 

The  Karl  Fischer  method,  using  this  electrometric  ap¬ 
paratus  for  determining  the  end  point,  has  been  applied 
in  this  laboratory  to  the  determination  of  water  in  a  variety 
of  samples,  including  such  liquids  as  methanol,  ethanol, 


Figure  3.  Completely  Assembled  Electrometric 
Apparatus 
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Table  II.  Comparison  of  Electrometric  Karl  Fischer 
Method  with  Other  Methods 


Sample 

Karl  Fischer 

—Water  Found— 

ecu 

Distillation 

Oven 

% 

% 

% 

Protein 

u.1,11.1 

11.1,  10.8 

10.9,  10.9 

Vinsol  resin 

1.2,  1.2 

1.4,  1.4 

Pine  oil 

0.66,0.64 

0.5 

Nitroglycerin 

0.28,0.29 

0.29“ 

Wood  pulp 

6.5,  6.6 

6.3,  6.3 

Nitrocellulose 

2.8,  2.8 

2.9 

Glycerol 

2.6,  2.6 

2. 6  *> 

Rosin  size 

30.4,30.5 

30.9 

29.3, 29.3 

Ammonium  nitrate 

0.26,0.26 

0.33,0.36 

°  By  desiccation  method. 
b  By  specific  gravity. 


glycerol,  pyridine,  nitroglycerin,  solutions  of  resins,  pine  oil, 
and  pinene,  and  in  solids  such  as  protein  material,  wood 
pulp,  cotton  linters,  nitrocellulose,  and  ammonium  nitrate. 
The  results  of  the  determination  of  water  in  known  mixtures 
of  methanol  and  water  are  given  in  Table  I.  A  comparison 
of  the  results  obtained  on  several  miscellaneous  materials  by 
the  Karl  Fischer  method  and  by  other  standard  methods 
is  given  in  Table  II. 

The  possibility  that  highly  unsaturated  compounds  will 
interfere  with  the  titration  because  of  the  addition  of  iodine 
to  the  ethylenic  double  bonds  has  been  suggested  by  earlier 
investigators.  Others  observed  no  interference  of  this  type. 
The  latter  conclusion  was  confirmed  by  the  authors.  For 


example,  a  10-ml.  excess  of  the  Karl  Fischer  reagent  was  added 
to  the  sample  of  pine  oil  and  the  mixture  allowed  to  stand  for 
14  minutes  before  back-titrating.  Under  these  exaggerated 
conditions,  which  are  never  encountered  in  a  normal  analysis, 
a  value  of  0.67  per  cent  water  was  found,  whereas  by  the 
regular  procedure  a  value  of  0.65  per  cent  was  obtained.  A 
similar  experiment  with  a  sample  of  pinene  likewise  showed 
that  a  negligible  absorption  of  iodine  took  place. 

Summary 

An  improved  apparatus  for  the  electrometric  determina¬ 
tion  of  the  end  point  in  the  Karl  Fischer  method  has  been 
constructed  and  applied  to  the  determination  of  water  in  a 
variety  of  materials.  The  moisture  content  of  unsaturated 
compounds  can  be  successfully  determined  by  the  Karl 
Fischer  method. 
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An  Improved  Vapor  Thermoregulator 

J.  Y.  YEE 

Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering,  U.  S.  Department  of  Agriculture,  Beltsville,  Md. 


THE  improved  thermoregulator  described  in  this  paper 
is  especially  designed  for  accurate  control  of  the  tem¬ 
perature  of  small  insulated  rooms.  It  has  advantages  over 
the  one  previously  described  by  the  author  (2)  in  that  it  is 
easier  to  make;  has  a  much  wider  temperature  range  as  well 
as  a  greater  sensitivity  (±0.005°  C.);  and  does  not  require 
the  use  of  a  metallic  bellows,  which  tends  to  become  brittle 
after  continuous  use  owing  to  the  action  of  mercury  vapor  on 
the  brass. 

Design  of  Regulator 

The  improved  thermoregulator  (Figure  1),  except  for  parts 
of  the  adjustment  mechanism,  is  made  of  Pyrex.  Essentially, 
the  regulator  is  a  modified  U-tube  manometer  filled  with  mercury. 
The  levels  of  the  mercury  in  arms  A  and  B  are  controlled  by  the 
change  of  vapor  pressure  of  ethyl  ether  with  the  change  in  tem¬ 
perature.  At  the  upper  part  of  B  is  a  small  evacuated  bulb  (about 
2  cm.  in  diameter)  containing  an  electric  contact  point,  C,  while 
the  upper  part  of  A  is  connected  to  a  thin-walled  bulb,  F  (about 
4  cm.  in  diameter  and  with  a  wall  thickness  of  about  0.15  mm.  at 
the  bottom),  containing  some  liquid  ether.  For  contact  point 
C,  it  was  found  best  to  use  a  fine  phonograph  needle  connected, 
by  means  of  a  steel  coupling,  to  the  tungsten  wire  sealed  through 
at  U. 

The  adjustment  mechanism  connected  to  the  lower  part  of  this 
modified  manometer  is  similar  to  that  used  in  the  previous  in¬ 
struments  described  by  the  writer  (2,  8).  It  consists  of  a  closely 
fitting  Femico  alloy  plunger,  L  (about  0.015  mm.  smaller  than 


the  bore),  inside  a  very  uniform-bore  (±0.001-mm.)  glass  tube, 
J  (8.04-mm.  bore,  50  mm.  long).  The  movement  of  the  plunger 
is  regulated  by  a  finely  threaded  brass  rod  through  a  brass  plug 
fastened  to  the  top  of  the  glass  tube  by  means  of  wires  around 
the  projections  on  the  side  of  the  tube. 

K  is  a  mercury  reservoir  (25  X  35  mm.)  with  an  opening,  Q, 
for  removing  or  introducing  more  mercury  if  necessary.  Below 
J  is  another  reservoir,  M  (10  X  2  cm.),  holding  enough  mercury 
to  take  care  of  any  change  in  levels  in  A  and  B  occasioned  by  a 
sudden  drop  in  temperature,  so  no  air  can  be  sucked  into  the  upper 
parts  of  these  tubes. 

In  order  to  make  it  possible  for  the  adjustment  mechanism 
to  operate  at  atmospheric  pressure  while  the  upper  part  of  B  is 
evacuated  and  that  of  A  is  under  the  vapor  pressure  of  ether,  it  is 
necessary  to  make  the  length  of  the  mercury  column  between  C 
and  the  middle  of  J  about  800  mm.,  which  is  greater  than  the 
highest  atmospheric  pressure  ordinarily  encountered. 

Filling  and  Adjustment 

After  assembling  the  various  parts,  which  should  be  thoroughly 
cleaned  and  dried,  into  a  unit,  the  thermoregulator  is  filled  with 
mercury  in  the  following  manner:  With  stopcock  O  turned  off 
and  G  opened  to  bulb  H,  and  the  Femico  plunger  raised  above 
J,  the  instrument  is  connected  to  a  good  mercury  pump  at  D  and 
evacuated  thoroughly.  Mercury  is  then  distilled  into  the  in¬ 
strument  from  flask  E  until  reservoir  K  is  about  three-fourths  full. 
After  the  instrument  has  been  sealed  off  at  R,  air  is  introduced  into 
the  space  above  the  mercury  in  the  adjustment  mechanism  side  by 
carefully  opening  stopcock  0  until  the  mercury  levels  in  A  and  B 
rise  nearly  halfway  up  in  their  respective  tubes.  At  the  same 
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time  mercury  in  K  is  allowed  to  run  into  J  to  keep  the  mercury 
level  from  going  down  much  below  J ;  otherwise  air  might  ac¬ 
cidentally  get  into  tubes  A  and  B,  which  would  render  the  in¬ 
strument  unworkable.  To  prevent  accidentally  letting  too 
much  air  into  the  apparatus,  a  cork,  P,  with  a  small  slot  at  the 
side  is  placed  in  the  inlet  tube  above  0. 

Next,  about  1  ml.  of  dried  ethyl  ether,  which  has  been  stored 
over  mercury  to  remove  any  peroxide,  is  transferred  through 
I  by  the  method  previously  described  (8)  into  bulb  F,  the  bottom 
of  which  is  kept  in  a  cold-water  bath.  With  stopcock  G  turned 
off  and  the  water  bath  replaced  by  some  powdered  dry  ice  to  lower 
the  vapor  pressure  of  the  ether  in  the  system  to  about  2  cm.  of 
mercury,  the  instrument  is  sealed  off  at  S. 

After  the  dry  ice  has  been  removed  and  the  ether  in  F  has  come 
to  room  temperature,  more  air  is  admitted  through  0  until  the 
pressure  inside  the  adjustment  mechanism  is  equal  to  atmospheric 
pressure,  so  cap  N  can  be  removed.  The  manometer  reading, 
shown  by  the  difference  between  the  mercury  levels  in  A  and  B, 
is  then  equal  to  the  vapor  pressure  of  ethyl  ether  at  room  tem¬ 
perature.  The  thermoregulator  is  now  ready  for  use. 

Suppose,  for  example,  it  is  desired  to  operate  a  constant- 
temperature  room  at  30°  C.  As  the  room  is  being  warmed  up 
to  the  desired  temperature,  the  vapor  pressure  of  the  ether  in  the 
system  increases  and  forces  some  of  the  mercury  back  into  K, 
as  the  Femico  plunger  is  still  above  J.  When  the  room  tem¬ 
perature  reaches  a  little  above  29°  C.,  the  Femico  plunger  is 
lowered  into  J  so  as  to  force  the  mercury  level  up  in  B,  almost  to 
make  contact  with  C.  The  amount  of  mercury  in  the  system 
can  be  adjusted  so  that  the  Femico  plunger  is  operating  in  about 
the  middle  of  J,  when  the  desired  temperature  is  reached.  In  case 
it  is  necessary  to  put  some  mercury  back  in  K,  it  is  best  to  put 
N  in  place  again  after  the  plunger  has  been  raised  above  J  and 
apply  suction  to  0.  Mercury  is  withdrawn  from  the  reservoir  by 
simply  tilting  the  instrument.  The  final  adjustment  is  ac¬ 
complished  by  slowly  lowering  the  plunger  until  the  mercury  in 
A  barely  makes  contact  at  C  when  the  room  temperature  is  exactly 
at  30°  C.  The  plunger  is  then  locked  in  position  by  means  of  the 
lock  nut,  T.  Sufficient  time  should  be  allowed  for  the  mercury 
in  the  system  to  come  to  equilibrium. 


Sensitivity  and  Temperature  Range 

Since  glass  is  not  a  good  thermal  conductor,  the  sensitivity 
of  the  instrument  depends  largely  on  the  thickness  of  the 
wall  of  bulb  F.  It  should  be  as  thin  as  possible,  but  strong 
enough  to  stand  the  pressure  encountered  at  the  temperature 
range  at  which  the  instrument  is  intended  to  be  used.  For 
this  reason,  this  bulb  should  be  tested  before  being  sealed  to 
the  instrument. 

The  lower  limit  of  temperature  range  of  this  type  of 
thermoregulator  is  the  freezing  point  of  mercury  ( — 38.87  °  C.) , 
but  at  this  temperature  the  sensitivity  of  the  instrument 
is  greatly  reduced,  since  the  vapor  pressure  of  ethyl  ether  at 
—40°  C.  changes  more  slowly  with  the  temperature  than  at 
30°  C.  For  such  low  temperature,  therefore,  a  liquid  such 
as  ethyl  chloride  is  more  suitable  than  ethyl  ether.  The 
upper  limit  of  the  temperature  range  is  determined  by  the 
lengths  of  A  and  B.  For  this  particular  instrument,  the  upper 
limit  is  a  little  above  40°  C.,  because  the  distance  between 
the  contact  point,  C,  and  the  bottom  of  A  is  about  940  mm., 
while  the  vapor  pressure  of  ethyl  ether  at  this  temperature  is 
about  921  mm.  If  the  instrument  is  intended  to  be  used  for 
higher  temperatures,  arms  A  and  B  should  be  made  longer 
and  the  wall  of  F  should  be  made  thicker  to  stand  the  cor¬ 
respondingly  higher  pressure.  In  place  of  the  glass  bulb,  F, 
however,  a  thin-walled  bulb  or  tube  of  some  metal  that  does 
not  react  with  mercury  may  be  connected  to  the  instrument 
by  means  of  a  Fernico  coupling.  This  will  permit  higher 
operating  temperatures  and  at  the  same  time  give  improved 
sensitivity  due  to  the  better  thermal  conduction  of  the  metal. 

This  improved  thermoregulator  together  with  a  sensitive 
relay  ( 1 )  was  able  to  maintain  a  constant-temperature  room 
at  30°  ±0.005°  C.  at  the  regulator  as  shown  by  a  differential 
thermometer.  In  order  to  do  this,  the  heat  input  should 
be  properly  balanced  with  the  heat  loss  of  the  room,  so  that 
there  is  practically  no  lag  in  the  heating  system. 


In  case  it  is  desired  to  lower  the  temperature  in  the  room, 
the  Fernico  plunger  is  raised  above  tube  J  and  more  mercury 
from  the  reservoir  is  added  to  the  system  until  the  plunger 
is  again  operating  at  about  the  middle  of  J  when  the  mercury 
makes  contact  at  C  at  the  desired  temperature. 


To  Hg  Pump 


In  the  summer,  when  the  outside  temperature  was  35°  C. 
or  more,  it  was  possible  to  maintain  in  a  well-insulated 
(5-cm.,  2-inch,  cork  insulation)  room  (7  X  13  X  10  feet)  to 
±0.03°  C.  at  the  regulator,  with  the  aid  of  a  small  refrigerator 
unit  and  two  thermoregulators  of  this  type,  one  controlling 
the  heater  and  the  other  the  cooling  unit.  In  order  to  ac¬ 
complish  this,  the  heat  input  was  carefully  balanced  against 
the  cooling  unit  and  fans  were  placed  at  different  levels  of 
the  room  to  ensure  proper  circulation.  Temperature  in 
reaction  chambers  located  on  opposite  sides  of  the  room 
•showed  the  same  temperature  variations. 
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Vacuum  Distillation  Equipment  for  Volatile  Solids 

LUTHER  BOLSTAD  AND  RALPH  E.  DUNBAR 
North  Dakota  Agricultural  College,  Fargo,  N.  Dak. 


DURING  the  preparation  of  a  quantity  of  aluminum 
ethoxide  (I)  considerable  difficulty  was  encountered  in 
the  final  purification  when  the  usual  vacuum  distillation 
equipment  was  used.  Troublesome  condensation,  even 
leading  to  complete  clogging  in  the  delivery  tubes,  often  pre¬ 
vents  distillation.  Special  equipment  failed  to  give  satis¬ 
factory  results  (8).  Furthermore,  where  the  product  must 
be  repeatedly  distilled  there  is  considerable  loss  and  possible 
contamination  during  transfer  of  the  distillate  from  receiver 
to  original  flask.  Similar  conditions  are  likewise  encountered 
when  distilling  benzophenone,  phenyl  cinnamate,  and  similar 
compounds.  The  apparatus,  as  illustrated,  was  designed 
and  constructed  to  eliminate  many  of  these  difficulties. 

Two  round-bottomed  flasks,  A  and  B,  of  suitable  capacity  (50 
to  500  ml.)  are  attached  to  a  glass  Y-tube,  C,  of  large  diameter 
(15  to  25  mm.).  The  upper  end  of  this  Y-tube  is  sealed  to  a 
short  length  of  8-mm.  glass  tubing,  so  that  it  may  be  attached 
to  a  thermometer  by  a  small  section  of  rubber  tubing  at  D.  A 
convenient  side  arm,  E,  is  provided  for  evacuating  the  entire 
equipment. 

The  solid  to  be  distilled  is  placed  in  flask  A,  the  vacuum  is  ap¬ 
plied,  and  flask  B  is  cooled  with  running  water.  The  application 
of  heat  to  A  causes  the  solid  to  distill,  the  temperature  being 
recorded  as  usual  on  the  thermometer.  If  the  distillation  is  to  be 
repeated,  A  is  now  thoroughly  cleaned,  the  vacuum  is  again  ap¬ 
plied,  B  is  heated,  and  A  is  now  cooled  as  the  receiver.  This 
process  may  be  repeated  indefinitely.  In  case  it  becomes  neces¬ 
sary  further  to  subdivide  the  distillate  at  some  definite  tempera¬ 
ture,  the  flask  being  used  as  the  receiver  may  be  replaced  by  one 
of  the  type  shown  at  F.  A  simple  turn  of  180  °  will  throw  either 
flask  into  position  as  the  receiver.  Rubber  stoppers,  or  prefer¬ 
ably  ground-glass  connections  (£),  may  be  used  throughout  in 
constructing  the  equipment. 


(1)  Adkins,  H.,  J.  Am.  Chem.  Soc.,  44,  2175  (1922). 

(2)  Carlson,  W.  A.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  10,  644  (1938). 

(3)  Morton,  A.  A.,  “Laboratory  Technique  in  Organic  Chemistry”, 

p.  101,  New  York,  McGraw-Hill  Book  Co.,  1938. 


Identification  of  Rust  on  Iron  and  Steel 


IN  SOME  investigations  in  this  laboratory  it  was  necessary 
to  identify  rust  on  lubricated  ferrous  alloys.  Visual 
inspection  could  not  be  relied  upon  because  of  the  similarity 
in  appearance  between  rust  and  petroleum  gum.  Ordinary 
chemical  tests  were  not  applicable,  since  most  of  them  brought 
about  the  removal  of  some  of  the  base  metal  along  with  the 
rust.  Removal  of  the  rust  by  pressing  solvent-impregnated 
filter  or  gelatin  paper  onto  the  specimen  proved  unsatis¬ 
factory;  with  all  the  solvents  tried,  the  base  metal  was  pref¬ 
erentially  dissolved.  While  these  tests  were  unsatisfactory 
on  the  whole,  those  obtained  with  gelatin  paper  were  much 
better  than  those  in  which  ordinary  filter  paper  was  used. 
This  suggested  the  use  of  gelatin  paper  moistened  with  water 
rather  than  a  rust  solvent.  Subsequently  it  was  found  that 
gelatin  paper  moistened  only  with  water  was  capable  of 
removing  an  amount  of  iron  rust  sufficient  for  testing,  without 
affecting  the  metal  itself. 

Procedure 

The  gelatin  paper  was  prepared  by  fixing  unexposed  glossy 
photographic  paper  in  sodium  thiosulfate  solution  (200  grams  in 
1  liter  of  solution),  treating  in  a  hypo-eliminating  solution  (1) 


RALPH  O.  CLARK 

Gulf  Research  &  Development  Company 
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and  drying.  The  hypo-eliminator  (Kodak  Formula  HE-1)  is 
prepared  as  follows: 


Water  500  ml. 

Hydrogen  peroxide,  3%  125  ml. 

Ammonium  hydroxide,  3%  100  ml. 

Water  to  make  1  liter 


After  fixing,  the  paper  is  washed  30  minutes  in  running  water, 
immersed  for  6  minutes  in  the  above  solution,  washed  for  lO 
minutes  in  water,  and  dried.  About  6450  sq.  cm.  (1000  sq. 
inches)  of  paper  may  be  processed  in  1  liter  of  solution.  Paper 
processed  in  this  fashion  may  be  stored  in  stoppered  bottles  in¬ 
definitely. 

To  carry  out  a  test  the  gelatin  surface  of  the  dry  paper  is 
moistened  slightly  with  distilled  water  and  pressed  firmly  against 
the  specimen.  Continuous  pressure  on  the  paper  is  unnecessary, 
owing  to  the  inherent  adhesive  property  of  the  moist  gelatin. 
After  15  to  30  seconds  the  paper  is  removed,  care  being  taken  to 
avoid  stripping  the  gelatin  coating  from  the  paper  base.  Should 
it  be  impossible  to  remove  the  paper  without  this  happening,  the 
back  should  be  moistened  with  distilled  water  and  allowed  to 
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stand  for  a  minute  or  so,  before  another  attempt  at  removal  is 
made. 

After  removal  from  the  specimen,  the  test  paper  is  immersed  in 
10  per  cent  hydrochloric  acid  containing  0.05  per  cent  potassium 
ferrocyanide.  Upon  development  a  Prussian  blue  pattern  of  the 
rusted  surface  is  obtained.  The  development  time  should  be  rela¬ 
tively  short  (10  to  15  seconds)  in  the  case  of  freshly  rusted  sur¬ 
faces  if  an  accurate  rust  pattern  is  desired.  With  aged  or  worn 
rust  it  may  be  necessary  to  extend  the  time  of  development  to 
one  minute  or  more.  The  pattern  is  usually  more  distinct  if  the 
paper  is  dried  with  heat. 

The  Prussian  blue  developed  in  the  gelatin  has  little 
tendency  to  diffuse  and,  contrary  to  filter  paper  prints,  clear, 
sharp  patterns  result.  Potassium  ferrocyanide  is  preferred 
to  potassium  thiocyanate  as  a  developing  agent  since  the 
latter  tends  to  give  a  blurred  and  indistinct  image. 


Experimental 

Tests  performed  on  solvent-cleaned,  specially  prepared, 
rusted  iron  and  steel  strips  using  the  procedure  described 
gave  satisfactory  analytical  patterns  of  the  rusted  surface. 
Tests  made  on  clean,  freshly  polished  iron  strips  failed  to 
give  a  Prussian  blue  color  even  upon  prolonged  development. 

The  test  apparently  is  specific  for  iron  oxide ;  attempts  to 
remove  sulfide  films  from  copper  or  lead  specimens  were 
unsuccessful.  This  was  attributed  to  the  fine  structure  and 
close  adherence  of  the  sulfide  film  in  contrast  to  the  rather 
flaky  and  loosely  held  ferric  oxide  layer. 

Literature  Cited 

(1)  Crabtree,  Eaton,  and  Muehler,  J.  Phot.  Soc.  Am.,  6,  6  (November, 
1940). 


An  Improved  Salt  Bridge  for  Polarographic  and  Potentiometric 
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AN  EXTERNAL  reference  electrode  is  frequently  used 
in  potentiometric  and  polarographic  measurements. 
The  connection  to  the  solution  is  by  some  type  of  a  salt  bridge. 
The  ideal  salt  bridge,  in  addition  to  eliminating  the  junction 
potential,  should  have  a  low  resistance  (especially  in  polarog- 
raphy),  should  not  contaminate  the  solution  being  used,  and 
should  be  easy  to  handle.  A  number  of  bridges  have  been  de¬ 
scribed  in  the  literature,  none  of  which  incorporates  all  the 
desired  features.  The  inverted-U  bridge  of  Irving  and 
Smith  ( 2 ),  with  ground-glass  plugs  at  the  ends,  has  been 
widely  used  in  potentiometric  work  but  has  an  undesirably 
high  resistance  for  polarography  if  the  reference  electrode  is 
to  be  used  as  the  anode.  A  bridge  of  this  type,  40  cm.  long, 
when  filled  with  saturated  potassium  chloride,  was  found  to 
have  a  resistance  of  about  7000  ohms,  some  6500  ohms  being 


attributable  to  the  plugs.  Laitinen  (8)  has  described  an  in- 
verted-U  bridge  with  sintered-glass  ends  which  has  a  lower 
resistance  but  which,  in  common  with  other  all-glass  designs 
{1,  4),  is  rather  cumbersome  to  use. 

The  authors  have  found  the  very  simple  bridge  illustrated  in 
Figure  1  to  be  highly  satisfactory.  The  saturated  calomel  elec¬ 
trode,  A,  is  connected  to  the  cell  with  a  piece  of  ordinary  soft 
rubber  tubing,  B,  6  mm.  in  inside  diameter,  filled  with  saturated 
potassium  chloride.  The  rubber  tube  terminates  in  a  short 
length  of  glass  tubing  filled  with  3  per  cent  agar  jell,  also  saturated 
with  potassium  chloride.  When  it  is  to  be  used,  the  free  end  of 
the  bridge  is  simply  plugged  into  the  cell.  The  reference  elec¬ 
trode  may  be  kept  permanently  out  of  the  way  and  the  necessity 
of  simultaneously  adjusting  two  cells  in  a  thermostat  to  connect 
with  an  unbendable  glass  bridge  is  eliminated. 

Figure  1  shows  how  an  intermediate  agar  plug,  D,  having  the 
same  composition  as  the  cell  liquid,  may  be  used  if  contamination 
with  potassium  chloride  is  undesirable.  If  traces  of  potassium 
chloride  are  not  objectionable,  the  free  end  of  the  bridge  may  be 
inserted  directly  into  the  solution.  For  this  purpose  it  is  con¬ 
venient  to  have  a  thin,  coarsely-sintered  glass  plug  at  the  tip  of  C. 
The  agar  is  still  desirable  to  prevent  mixing  by  convection.  The 
end  of  the  bridge  is  kept  in  potassium  chloride  solution  when  not 
in  use. 

The  resistance  of  such  a  bridge  56  cm.  long  was  found  to 
be  only  600  ohms.  For  a  polarogram  showing  a  diffusion  cur¬ 
rent  of  10  microamperes,  the  error  in  half-wave  potential  due 
to  IR  drop  in  the  bridge  would  be  about  3  millivolts.  This 
error  is  negligible  for  most  purposes  and  may,  of  course,  be 
decreased  by  the  use  of  a  shorter  bridge  or  larger  tubing.  If 
exact  values  of  half-wave  potentials  are  desired,  the  resistance 
of  the  cell  and  bridge  may  be  measured  and  the  correction 
applied  whenever  necessary.  For  potentiometric  titrations, 
in  which  a  low  bridge  resistance  is  not  essential,  plug  D  is 
conveniently  replaced  by  one  of  ground  glass,  as  in  the  bridge 
of  Irving  and  Smith  (2) . 
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An  inexpensive  and  easily  constructed  ap¬ 
paratus  is  described,  for  briquetting  a 
powdered  sample  for  spectrographic  analy¬ 
sis  and  loading  the  briquet  into  an  elec¬ 
trode  crater  without  subsequent  manual 
handling.  The  apparatus  minimizes  con¬ 
tamination  and  loss  of  sample,  as  well  as 
danger  of  electrode  breakage  upon  loading. 

SAMPLES  submitted  for  spectrochemical  analysis  are 
often  in  the  form  of  powder  or  material  which  must  be 
brought  to  a  powder  in  preparation  for  the  analysis.  This  is 
particularly  true  in  the  case  of  rocks,  ores,  slags,  refractories, 
ashes,  residues,  ceramic  products,  and  pigments.  The  dried 
residue  of  a  dissolved  metal  or  alloy  is  also  sometimes  used  for 
analysis. 

When  a  powdered  sample  is  placed  in  the  crater  of  a 
carbon  or  graphite  electrode,  some  difficulties  may  be  en¬ 
countered.  An  unpacked  sample  requires  a  deeper  electrode 
crater  than  a  tightly  packed  sample,  and  an  excessive  amount 
of  electrode  wall  must  be  consumed  if  the  sample  is  burned 
to  completion.  A  powdered  sample  placed  loosely  in  the 
crater  does  not  burn  so  uniformly  as  a  sample  packed  in  the 
electrode  under  pressure.  A  light  and  fluffy  powder,  or  one 
containing  certain  compounds,  tends  to  be  blown  from  the 
crater  during  arcing.  Considerable  time  is  often  spent  in 
transferring  a  weighed  sample  to  the  crater  without  any  loss 
of  sample.  Preburned  electrodes  tend  to  be  fragile  and 
extra  care  must  be  taken  in  filling  them. 

Packing  the  powdered  sample  into  the  electrode  crater 
or  briquetting  the  sample  into  a  firm  pellet  and  placing  the 
pellet  in  the  crater  has  become  common  practice.  The 
packing  operation  is  performed  by  means  of  a  steel  rod  (5) ; 
and  the  briquetting  is  done  with  the  aid  of  a  punch  and  die 
(2,  4)  i  a  micro  pellet  press,  or  a  briquetting  press  recently 
described  (/).  In  all  these  briquetting  methods  the  pellet 
must  be  handled  in  placing  it  in  the  electrode  crater. 

The  apparatus  described  here  briquets  the  sample,  dis¬ 
charges  the  pellet  directly  into  the  electrode  crater,  and  presses 
the  pellet  firmly  into  the  crater  without  subjecting  the  pellet 
to  handling  by  the  operator.  Repeated  checks  have  shown  a 
negligible  loss  of  sample  during  these  operations.  The  ap¬ 
paratus  is  inexpensive,  requires  very  little  metal  for  its  con¬ 
struction,  and  can  be  easily  built  in  any  well  equipped 
machine  shop.  The  sample  to  be  briquetted  may  be  a 
powdered  sample  or  a  mixture  of  sample  and  other  material 
added  to  serve  as  arc  stabilizer,  binder,  or  carrier  of  the 
internal  standard.  Electrodes  prepared  by  means  of  either 
of  the  two  most  commonly  used  electrode  cutting  tools  ( 8 ,  5) 
may  be  used. 

Apparatus 

Design  Details.  Figure  1  shows  the  construction  and 
Figure  2  shows  the  apparatus  assembled  and  unassembled. 

The  base,  A,  is  a  circular  piece  of  0.25-inch  steel  plate,  2.75 
inches  in  diameter,  supported  by  three  0.25-inch  steel  legs,  B, 
1  inch  in  length  from  the  bottom  of  the  base.  The  electrode 
holder,  C,  is  a  hollow  bolt  with  a  0.75-inch  hexagonal  head,  D, 


1.375  inches  long  and  having  a  0.5-inch  threaded  outside  diameter. 
It  has  a  0.25-inch  inside  diameter  which  is  threaded  through  the 
head  end  to  a  depth  of  0.5  inch.  The  upper  end  is  beveled  flat 
to  fit  tightly  against  the  briquetting  mold.  The  bolt  is  screwed 
up  tight  through  the  center  of  the  base.  The  electrode 
height  adjuster,  E,  is  a  threaded  steel  rod  0.75  inch  in  length  and 
0.25  inch  in  diameter,  at  one  end  of  which  is  a  knurled  nut,  F, 
1  inch  in  diameter  and  0.25  inch  thick.  The  adjuster  screws 
into  the  electrode  holder  from  below. 

The  briquetting  mold,  G,  is  a  cylindrical  piece  of  0.875-inch 
steel  rod  2.375  inches  in  length.  A  threaded  hole  0.5  inch  in 
diameter  and  0.688  inch  in  depth  is  bored  in  the  center  of  the 
lower  end  of  the  mold.  Two  rectangular  slits,  H,  0.25  inch  wide 
and  0.688  inch  in  length,  are  cut  on  opposite  sides  of  the  threaded 
end  of  the  mold.  A  0.188-inch  hole  is  bored  in  the  center  of  the 
upper  end  of  the  mold  and  extends  through  the  mold  to  the 
threaded  end.  The  top  of  the  mold  is  reamed  out  to  a  funnel 
shape  0.25  inch  deep  and  0.75  inch  in  diameter.  A  1.5  X  0.25  X 
0.125  inch  steel  plate,  I,  with  rounded  ends  fits  into  the  slit 
at  the  bottom  of  the  mold  and  separates  the  top  of  the  electrode 
holder  from  the  bottom  of  the  0.188-inch  hole  in  the  mold  when 
the  mold  is  screwed  down  firmly  over  the  electrode  holder.  A 
tool  steel  rod,  J,  0.188  inch  in  diameter  and  2  inches  in  length, 
slightly  concave  at  the  lower  end,  and  having  a  head,  K,  at  the 
upper  end  made  of  a  circular  piece  of  0.25-inch  steel  1.44  inches 
in  diameter,  serves  as  a  plunger.  A  small  wire  spring,  L,  1.75 
inches  in  length,  compressible  to  0.688  inch,  is  placed  over  the 
plunger  and  is  held  in  place  by  the  plunger  head. 

Operation.  The  briquetting  mold  is  removed  from  the 
electrode  holder  and  the  plunger  is  removed  from  the  mold. 
A  0.25-inch  spectroscopic  electrode,  less  than  1.25  inches  in 
length,  having  square-cut  ends  and  a  crater  of  desired  depth, 
is  placed  in  the  electrode  holder  with  the  crater  end  up,  but 
not  extending  above  the  top  of  the  electrode  holder.  The  mold 
is  screwed  down  over  the  electrode  holder,  the  steel  plate  is 
placed  in  its  slot,  and  the  mold  is  tightened.  The  electrode  is 


Figure  1.  Construction'of  Apparatus 
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Figure  2.  Briquetting  Press,  Unassembled  and  Assembled 


raised  by  turning  the  height  adjuster  until  the  top  of  the  electrode 
presses  firmly  against  the  bottom  of  the  steel  plate.  The  pow¬ 
dered  sample  or  sample  mixture  is  placed  in  the  0.188-inch 
hole  in  the  top  of  the  mold,  using  the  top  of  the  mold  as  a  funnel, 
and  is  brushed  into  the  mold  with  a  camel’s-hair  brush.  If  it  is 
desirable  that  the  sample  not  touch  the  upper  part  of  the  side- 
walls  of  the  mold,  a  small  glass  funnel  may  be  used  to  introduce 
the  sample  into  the  bottom  of  the  mold.  The  plunger  is  placed 
in  the  mold  and  pressure  is  applied  to  the  plunger  head,  molding 
the  sample  between  the  bottom  of  the  plunger  and  the  top  of  the 
steel  plate,  I. 

The  spring  raises  the  plunger  from  the  sample  when  the  pressure 
is  released.  The  mold  is  loosened  one  turn,  the  steel  plate  is 
removed,  and  the  mold  is  screwed  down  until  the  inside  of 
the  mold  is  in  firm  contact  with  the  electrode  holder  and  the 


top  of  the  electrode.  A  slight  pressure  on 
the  plunger  head  discharges  the  pellet  into 
the  electrode  crater  and  additional  pressure 
forces  the  pellet  firmly  into  the  crater.  The 
mold  is  removed  from  the  electrode  holder 
and  the  height  adjuster  is  turned  up  until 
the  filled  electrode  projects  sufficiently  from 
the  top  of  the  electrode  holder  to  be  easily 
removed. 

The  apparatus  as  described  is  fitted  to 
electrodes  of  0.25-inch  diameter  with  drilled 
craters  larger  than  0.18  inch,  but  dimen¬ 
sions  can  be  adjusted  for  construction  of 
a  similar  apparatus  fitted  to  electrodes  of 
other  size.  The  apparatus  is  easy  to  take 
apart  and  can  be  cleaned  with  the  aid  of 
a  small  brush  and  pipe  cleaner.  Fragile, 
preburned  electrodes  may  easily  be  filled 
without  breaking.  The  samples  may  be 
briquetted  by  hand  pressure  or  by  means 
of  a  press  operated  under  known  pres¬ 
sures  (4). 
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AN  ALL-GLASS  pump,  which  is  leakproof  and  simple  in 
construction,  has  been  found  satisfactory  for  circulating 
gases  or  liquids  in  an  experimental  apparatus.  The  pump  is 
a  reciprocating  piston  with  two  check  valves  arranged  as 
indicated  in  Figure  1.  Features  of  construction  are  the 
mercury-sealed  5-ml.  Pyrex  hypodermic  syringe  that  serves 
as  a  piston,  the  vacuum-operated  reciprocating  motor  of  the 
automobile  windshield-wiper  type,  and  the  mercury-loaded 
glass  check  valves.  The  check  valves,  which  are  bulbs 
10  mm.  in  diameter  on  a  15-mm.  length  of  4-mm.  tubing, 
are  ground  to  form  a  gastight  seat  on  8-mm.  tubing.  A  small 
amount  of  mercury  sealed  into  each  check  valve  adds  weight 
and  ensures  rapid  and  secure  seating  of  the  valve.  Mercury 
from  the  seal  around  the  plunger  does  not  penetrate  the 
piston. 

The  pump  delivers  gas  at  230  ml.  per  minute  against  a 
head  of  1  cm.  of  mercury;  the  limiting  head  for  gas  is  25  cm, 
of  mercury.  The  piston  with  its  mercury  seal  is  gastight. 
Liquids  are  delivered  at  heads  limited  only  by  the  power  of 
the  motor. 


A  Molecular  Still  of  New  Design 

F.  W.  QUACKENBUSH  and  HARRY  STEENBOCK 
College  of  Agriculture,  University  of  Wisconsin,  Madison,  Wis. 


A  cyclic  still  of  simple  design  for  use  in  the  purifica¬ 
tion  of  either  large  or  small  quantities  of  material  is 
described.  The  evaporator  surrounds  the  con¬ 
denser,  thus  providing  a  large  surface  area  for 
evaporation  and  a  relatively  small  area  from 
which  the  condensate  must  drain.  During  a  dis¬ 
tillation  a  magnetically  driven  rotor  spreads  the 
incoming  distilland  in  a  thin  film  over  the  evapora¬ 
tor  surface.  The  condenser  is  attached  through  a 


ground  joint  and  its  easy  removal  makes  possible  a 
rapid  quantitative  collection  of  either  liquid  or 
solid  distillates.  The  still  is  glass-surfaced 
throughout  and  is  therefore  well  adapted  for  use  in 
autoxidation  studies.  This  type  of  still,  besides 
contributing  to  greater  efficiency  in  distillation, 
makes  the  technique  of  molecular  distillation  ap¬ 
plicable  to  a  wider  variety  of  laboratory  problems 
than  others  hitherto  in  use. 


to  pass  to  the  condenser  during  the  heating  interval.  It  is 
therefore  essential  that  the  surface  be  continuously  renewed 
to  prevent  the  less  volatile  components  of  the  distilland  from 
imprisoning  molecules  which  would  normally  distill  if  allowed 
to  reach  the  surface.  Such  imprisonment  is  exemplified  in 
the  pot  type  of  still,  in  which  a  thick  layer  of  distilland  is 
commonly  employed  without  special  provision  for  effecting 
surface  renewal.  In  such  a  Still  relatively  high  temperatures 
are  required  to  effect  distillation  and  since 
the  heating  is  necessarily  continuous,  heat- 
labile  compounds  are  subjected  to  a  great 
risk  of  decomposition.  Nevertheless,  the 
degree  of  fractionation  is  low. 

A  considerable  advance  in  distillation 
technique  has  resulted  with  the  shifting 
of  the  evaporator  from  the  horizontal  to 
a  vertical  position,  in  which  form  the  dis¬ 
tilland  is  allowed  to  flow  over  a  cylindrical 
or  dome-shaped  evaporator  (3-6).  Such 
vertical-surface  stills  depend  upon  gravi¬ 
tational  flow  to  control  the  thickness  of 
the  layer  of  the  distilland  and  to  effect  re¬ 
newal  of  the  distilling  surface. 

One  of  the  chief  problems  is  to  induce 
the  distilland  to  spread  over  the  evapo¬ 
rator.  In  attempting  to  solve  this  prob¬ 
lem,  experimenters  have  resorted  to  the 
use  of  concentric  wire  gauze  distributors 
and  spiral  embossing  of  the  evaporator 
surface  ( 3 ),  spirally  wound  wire  ( 5 ),  or 
fragment  glass  which  is  fused  to  a  glass 
evaporator  to  roughen  its  surface  ( 1 ). 
While  these  devices  are  reported  to  effect 
spreading,  it  is  to  be  expected  that  they 
should  obstruct  the  free  flow  of  the 
distilland  and  thus  create  zones  of  varia¬ 
ble  thickness  and  regions  of  sluggish  flow 
with  consequent  subjection  of  localized 
areas  to  a  relatively  long  period  of  heat¬ 
ing.  A  further  difficulty  which  may  arise 
in  simple  gravitational  flow  is  that  of 
stratification  of  the  distilland  (2),  the 
inner  strata  nearest  the  evaporator  mov¬ 
ing  very  slowly  while  the  colder  outer 
strata,  from  which  evaporation  is  possible, 
move  with  relative  rapidity.  This  diffi¬ 
culty  is  likely  to  become  of  importance 
with  a  distilland  of  high  viscosity  and 
especially  at  the  lower  temperatures. 


IN  THE  application  of  molecular  distillation  to  the  separa¬ 
tion  or  purification  of  compounds,  two  recognized  tech¬ 
nical  problems  involve  (1)  the  continuous  renewal  of  the 
surface  of  the  distilland,  and  (2)  the  removal  of  the  distillate 
from  the  condenser.  The  first  is  of  importance  because  the 
process  of  molecular  distillation  is  essentially  evaporation 
from  the  surface  of  the  distilland  and  it  is  evident  that  only 
those  molecules  which  reach  the  surface  have  the  opportunity 
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Figure  2.  Distilling  Chamber 

A,  evaporator;  B,  C,  joints  for  attach- 
ing  condenser  and  cold  trap,  respec¬ 
tively;  D ,  rotor;  E ,  condenser;  F , 
fraction  cutter;  G,  cock  connecting  to 
vacuum  line;  M ,  M't  cocks  connecting 
to  reservoirs. 


The  second  problem,  that  of  removal  of  the  distillate  from 
the  condenser,  is  one  of  particular  importance  in  laboratory- 
scale  operations.  In  the  vertical  surface  stills  which  have 
been  employed,  the  distillate  is  spread  over  a  large  surface, 
since  the  condenser  commonly  surrounds  the  evaporator  and 
must  therefore  have  a  larger  surface  area  than  that  of  the 
evaporator.  In  laboratory  operations  the  total  distillate 
may  consist  of  as  little  as  1  gram  or  even  1  mg.  of  material. 
Furthermore,  for  some  purposes  it  may  be  desirable  to  divide 
the  distillate  into  a  number  of  fractions.  If  it  happens  to  be 
a  liquid,  some  of  it  may  find  its  way  through  the  delivery 
tube  and  fraction  cutting  device  into  the  receiver.  However, 
if  it  is  a  solid  or  semisolid  it  is  likely  to  remain  quantitatively 
on  the  walls  of  the  condenser.  To  circumvent  this  difficulty 
Hickman  ( 3 )  introduced  the  use  of  a  constant  yield  oil,  the 
function  of  which  was  to  entrain  the  distillate  and  carry  it 
out  of  the  still.  In  effect,  this  technique  involves  the  transfer 
of  the  distillate  from  one  oil  to  another,  from  which  it  is 
usually  not  more  readily  removable  than  from  the  first. 

A  third  problem  in  still  construction,  the  elimination  of 
exposed  metallic  surfaces,  arose  in  this  laboratory  in  the 
application  of  molecular  distillation  to  the  study  of  autoxida- 
tion  of  fats.  Since  it  is  well  known  that  mere  traces  of  certain 
metals  markedly  accelerate  autoxidation,  it  seemed  in¬ 
advisable  to  attempt  such  studies  with  a  still  in  which  the 
fats  were  continuously  in  contact  with  metallic  surfaces. 

Effective  advances  have  been  made  toward  the  solution 
of  these  three  problems  in  a  still  now  in  use  in  this  laboratory. 
A  description  of  the  construction  and  operation  of  the  still 
(Figure  1)  are  given  here. 

Construction  of  the  Still 

The  functional  part  of  the  still,  the  distilling  chamber,  consists 
of  (1)  a  cylindrical  evaporator  which  is  electrically  heated  from 
the  outside,  (2)  a  magnetically  driven  rotor  which  spreads  the 
distilland  over  the  inner  surface  of  the  evaporator,  (3)  a  removable 
condenser  which  serves  as  a  bearing  for  the  rotor,  and  (4)  a 
fraction  cutter  for  the  removal  of  liquid  distillates.  The  chamber 
is  connected  on  one  side  through  a  dry  ice  trap  to  an  oil  diffusion 
pump  outfit  (Cenco  Xo.  93,270A)  and  a  modified  McLeod  gage, 
and  on  the  other  side  to  two  reservoirs  and  a  magnetic  pump. 

The  details  of  the  distilling  chamber  are  shown  diagram- 
matically  in  Figure  2.  The  evaporator,  A,  is  a  Pyrex  tube, 
50  X  450  mm.,  which  is  closed  at  the  upper  end  and  connects 
through  an  annulus  to  the  two  male  joints,  B  and  C  (f  29/42), 
at  the  lower  end.  A  side  arm  from  the  annulus  connects  with 
the  lower  reservoir,  and  another  side  arm  near  the  top  of  the 
evaporator  connects  through  a  drop-regulator  to  the  upper 
reservoir.  The  evaporator  is  heated  by  a  jacket  which  contains 
a  series  of  ten  vertical  coils  comprising  a  total  of  60  feet  of  No. 
22  Nichrome  wire.  A  thermometer  is  mounted  in  contact  with 
the  evaporator  wall  and  the  temperature  is  controlled  by  a 
rheostat  in  a  110-volt  circuit. 

The  rotor,  D,  consists  of  three  5-mm.  rods  fused  to  a  magnet 
chamber  fitted  closely  to  the  evaporator  surface,  with  just  enough 
clearance  to  allow  rotation  (see  cross-sectional  view  at  upper 
right  of  Figure  2).  The  magnet  chamber  contains  a  ring  of  ten 
permanent  magnets  (Alnico,  General  Electric  Co.,  0.938  cm., 
0.375  inch,  in  diameter  and  0.469  cm.,  0.188  inch  thick)  which 
are  held  in  position  by  decagonal  sheets  of  asbestos  and  sealed 
in  the  chamber  under  high  vacuum.  A  conical  indentation 
in  the  center  of  the  lower  surface,  ground  to  fit  the  tip  of 
the  condenser,  serves  as  the  bearing  for  the  rotor.  The  rotor 
is  turned  by  a  rotating  magnetic  collar  which  is  driven  by  a 
variable-speed  motor.  The  collar  fits  snugly  around  the  outer 
surface  of  the  evaporator  and  contains  10  Alnico  magnets  identi¬ 
cal  with  and  placed  in  juxtaposition  to  those  of  the  magnet 
chamber. 


The  condenser,  E,  is  a  14  X  600  mm.  tube,  the  lower  end  of 
which  is  fused  to  the  female  part  of  joint  B.  The  condenser 
and  rotor  are  in  position  for  operation  when  male  and  female 
joints  B  are  brought  together.  The  condenser  is  equipped 
with  inlet  and  outlet  tubes  for  either  air  or  liquid  cooling. 
The  fraction  cutter,  F,  has  a  delivery  tube  with  a  check  valve 
extending  through  the  ground  joint  ("f  24/40)  into  the  receiv¬ 
ing  flash  (not  shown).  The  check  valve  is  a  glass  bead  ground 
to  fit  the  opening  of  the  delivery  tube.  A  glass  rod  attached  to 
the  bead  forms  a  hook  and  eye  hinge  with  a  rod  fused  to  the  de¬ 
livery  tube  directly  above,  so  that  the  bead  rests  lightly  against  the 
opening.  The  receiver  is  evacuated  through  a  stopcock,  G.  With 
the  distilling  chamber  evacuated,  readmittance  of  air  through  G 
causes  the  bead  to  press  firmly  into  position.  An  adhering  drop 
of  distillate  serves  as  lubricant  and  seal  for  the  check  valve. 
When  the  distillate  is  to  be  small  in  quantity  or  solid  in  nature, 
the  bead  is  removed  from  the  hook,  and  cock  G  is  replaced  by  a 
glass  stopper. 

The  lower  reservoir  has  a  capacity  of  160  ce.;  the  upper, 
500  cc.  Between  the  reservoirs  is  the  magnetic  pump  which  is 
shown  diagrammatically  in  Figure  3.  The  pump  has  a  glass 
plunger,  H,  which  is  ground  to  fit  its  cylinder,  and  two  check 
valves,  I  and  I',  which  are  glass  balls  at  the  ends  of  small  rods. 
Within  the  plunger,  sealed  under  vacuum,  is  a  steel  cylinder, 
L,  which  weighs  14  grams,  to  make  possible  its  magnetic  opera¬ 
tion.  A  stopcock,  J,  serves  for  the  introduction  of  the  distilland 
into  and  its  removal  from  the  still.  For  the  introduction  of  the 
distilland  a  capillary  extension  is  attached  through  the  ground 
joint  ( T  10 /30) .  During  the  distillation  this  is  replaced  by  a  cap. 
In  removing  the  distilland,  the  pump  is  drained  by  inserting  the 
glass  rod,  K,  through  the  cock,  J,  thus  dislodging  valve  I  and 
pushing  the  plunger  upward  finally  to  dislodge  valve 

The  pump  is  operated  by  an  electromagnet  which  consists  of  a 
core  of  soft  iron  20  X  20  X  400  mm.  and  several  hundred  turns 
of  No.  16  magnet  wire.  The  current  is  furnished  by  a  6-volt 
storage  battery.  A  circuit  breaker  to  provide  intermittent  cur- 
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rent  is  driven  by  the  same  variable-speed  motor  which  drives 
the  rotor. 

The  stopcocks  and  ground  joints  (“No  lub”  joints,  manu¬ 
factured  by  the  Scientific  Glass  Apparatus  Co.,  Bloomfield, 
N.  J.)  are  sealed  with  a  viscous  stopcock  grease.  Leakage  is 
negligible,  since  the  gage  shows  a  pressure  of  only  10  to  20  microns 
24  hours  after  turning  off  the  pumps. 


Operation  of  the  Still 

To  carry  out  a  distillation  the  cold  trap  is  immersed  in  a 
dry  ice-acetone  mixture,  the  mechanical  pump  started,  and  the 
system  evacuated  to  a  pressure  of  25  microns.  The  oil  to  be 
distilled  is  then  drawn  through  the  capillary  into  the  lower 
reservoir,  and  is  partly  degassed  during  the  entry.  With  cock 
M  closed,  the  pump  is  halted  momentarily  and  sufficient  air 
allowed  into  the  system  to  force  the  oil  into  the  upper  reservoir. 
The  vacuum  is  re-established,  the  rotor  and  magnetic  pump  are 
set  in  motion,  and  M  is  opened.  Degassing  is  usually  complete 
within  1  to  4  hours,  depending  upon  the  nature  and  quantity  of 
the  oil  charge.  It  is  hastened  if  the  distilling  chamber  is  warmed. 
When  degassed,  the  oil  is  held  in  the  upper  reservoir,  the  oil 
diffusion  pump  brought  into  action,  and  the  distilling  chamber 
heated  to  the  desired  temperature.  When  suitable  temperature 
and  pressure  are  established  M  is  opened  sufficiently  to  give 
the  desired  rate  of  flow  (usually  100  drops  per  minute)  and  the 
distillation  allowed  to  proceed. 

When  the  distillate  is  a  liquid,  and  of  considerable  volume  as 
in  the  distillation  of  fatty  acids  or  glycerides,  fractions  are 
removed  readily  by  the  use  of  the  fraction  cutter.  However, 
more  often  the  distillate  is  a  solid  or  semisolid  or  the  amount  of 
material  is  so  small  that  it  will  not  flow  into  the  receiving  flask. 
For  the  removal  of  a  fraction  in  such  cases,  cocks  M  and  M'  are 
closed  so  as  to  keep  the  oil  degassed,  the  pumps  are  turned  off, 
and  nitrogen  is  allowed  to  enter  the  system  from  a  balloon. 
Joints  B  are  disengaged,  the  condenser  is  removed,  and  the 
distillate  is  washed  quantitatively  from  the  condenser  with  a 
suitable  solvent  such  as  acetone  or  benzene.  About  10  minutes 
are  required  to  remove  a  fraction  in  this  manner  and  re-establish 
conditions  for  continuing  the  distillation. 


Application  of  the 
Method 

The  effectiveness  of  the 
still  in  concentrating  a 
substance  from  its  dilute 
solution  was  shown  in  the 
analytical  distillation  of 
two  standard  dyes  (pur¬ 
chased  from  Distillation 
Products,  Inc.,  Rochester, 
N.  Y.),  celanthrene  red 
and  dibutyl  aminoanthra- 
quinone,  after  the  method 
of  Hickman  (3).  The 
diluent  was  a  residue  oil, 
corn  oil  from  which  the 
volatile  constituents  had 
been  removed  by  distilla¬ 
tion  at  210°  C. 

In  each  case  1  mg.  of  dye 
was  dissolved  in  50  grams 
of  the  residue  oil  and  dis¬ 
tillation  was  allowed  to  pro¬ 
ceed  for  20  minutes,  during 
which  time  the  oil  made 
one  complete  cycle  through 
the  still.  The  distillate  was 
removed  from  the  con¬ 
denser  with  acetone  and 
the  quantity  of  dye  de¬ 
termined  colorimetrically. 
Subsequent  fractions  were 
removed  at  progressively 
increasing  temperatures  un¬ 
til  the  dye  had  distilled 
completely  from  the 
oil. 


Figure  3.  All-Glass  Sur¬ 
faced  Magnetic  Pump 

H ,  plunger;  I,  I’,  check  valves; 
J,  cock  for  introduction  of  dis¬ 
til  land;  K,  tool  for  releasing 
valves  to  drain  pump;  L,  iron 
cylinder 


Figure  4.  Distillation  Curves  Obtained  with  Standard 

Dyes 

A ,  dibutyl  aminoanthraquinone,  20-minute  cycle;  B,  celanthrene  red, 
20-minute  cycle;  C,  celanthrene  red,  30-minute  cycle.  Arrows 
indicate  temperature  of  maxima  reported  by  Hickman  for  the  same  dyes 
with  a  10-minute  cycle. 


The  curves  thus  obtained  (Figure  4)  showed  maxima  at 
110°  and  155°  C.,  respectively,  for  the  two  dyes,  or  17°  and 
16°  lower,  respectively,  than  those  reported  by  Hickman  (3), 
who  used  a  10-minute  cycle.  The  actual  differences  in  dis- 
tilland  temperatures  were  probably  even  greater,  since  the 
authors’  values  represent  temperatures  within  the  heating 
jacket.  Under  these  conditions  variable  results  were  ob¬ 
tained  with  a  10-minute  cycle,  probably  because  of  the  low 
heat  conductivity  of  the  glass  evaporator.  It  is  evident, 
however,  that  the  authors’  lower  distillation  maxima  are 
attributable  in  part  to  the  longer  cycle  and  in  part  to  the 
improved  spreading  of  the  distilland  over  the  evaporator 
surface. 

In  the  application  of  the  still  to  practical  problems  of  the 
laboratory  its  adaptability  has  been  further  demonstrated. 
It  has  been  used  successfully  in  the  concentration  of  anti¬ 
oxidants  (7),  tocopherols  ( 8 ),  and  other  vitamins  and  sterols 
from  natural  oils,  in  analytical  distillations,  and  in  the  dis¬ 
tillation  of  higher  fatty  acids,  natural  fats  and  oils,  and 
synthetic  glycerides. 
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THE  Snell-Wright  microbiological  assay  for  nicotinic 
acid  (IS)  has  provided  a  valuable  method  for  the  deter¬ 
mination  of  the  vitamin,  which  has  been  widely  employed 
in  nutritional  research.  The  method  has  been  in  use  in  this 
laboratory  for  over  2  years,  and  has  been  applied  to  many 
hundreds  of  samples.  While  the  results  on  the  whole  have 
been  fairly  satisfactory,  a  number  of  difficulties  have  been 
encountered.  This  paper  sets  forth  certain  modifications  in 
the  procedure  which  have  led  to  more  consistent  and  uniform 
results,  and  describes  the  method  in  detail  as  it  is  now  being 
carried  out  in  this  laboratory. 

The  difficulties  that  have  arisen  in  the  use  of  the  original 
Snell-Wright  method  have  been  associated  in  the  main  with 
the  standard  curve.  When  the  assay  is  employed  routinely 
over  an  extended  period  of  time,  it  has  been  the  authors’ 
experience  that  the  different  standard  curves  vary  consider¬ 
ably,  the  growth  of  the  bacteria  sometimes  being  so  poor  that 
it  is  scarcely  possible  to  arrive  at  any  results  at  all.  Even 
the  better  curves,  such  as  curve  1,  Figure  1,  are  decidedly 
rounded,  and  frequently  are  not  linear  to  levels  of  nicotinic 
acid  higher  than  0.2  microgram.  While  results  read  from  the 
higher  parts  of  such  curves  may  be  reliable,  the  nonlinearity 
of  the  response  raises  the  suspicion  that  substances  other  than 
nicotinic  acid  are  limiting  the  growth  at  the  higher  levels, 
and  hence  implies  the  possibility  of  a  lack  of  specificity  of  the 
assay. 

A  minor  trouble,  which  has  caused  much  unnecessary  labor 
in  many  laboratories,  has  been  the  difficulty  in  securing  satis¬ 
factorily  low  blank  values.  High  blanks  have  been  caused 
chiefly  by  the  presence  of  nicotinic  acid  in  the  casein  and 
biotin  concentrates  formerly  used,  and  may  now  be  easily 
avoided. 

The  discovery  that  fatty  acids  interfere  with  the  micro¬ 
biological  determinations  of  riboflavin  (15)  and  pantothenic 
acid  (10)  naturally  raised  a  question  regarding  the  possibility 
of  similar  interference  in  the  determination  of  nicotinic  acid. 
Fortunately  Lactobacillus  arabinosus,  when  grown  on  the 
nicotinic  acid  basal  medium,  seems  to  be  insensitive  to 
fatty  acids. 

Experiment  al 

Composition  of  the  Basal  Medium.  Increasing  the 
glucose  and  sodium  acetate  in  the  Snell-Wright  basal  medium 


to  2  per  cent  of  each  resulted  in  a  definite  improvement  in  the 
bacterial  response  to  nicotinic  acid  (Figure  1).  Two  per 
cent  glucose  alone,  however,  had  no  effect  (curve  1,  Figure  2). 
Kline  (7)  has  reported  that  increasing  the  cystine  content  of 
the  basal  from  0.01  to  0.02  per  cent  brings  about  a  straight- 
line  response  over  a  wider  range,  and  results  in  higher  acid 
production.  In  the  authors’  hands  the  higher  amount  of 
cystine  has  also  proved  slightly  beneficial  (Figure  2). 

Isbell  (5)  reported  that  p-aminobenzoic  acid  must  be  added 
to  the  medium,  when  the  casein  hydrolyzates  have  been 
heavily  treated  with  charcoal,  in  order  to  obtain  satisfactory 
growth.  The  authors  have  not  been  able  to  observe  such 
an  effect,  no  doubt  because  of  a  contamination  of  some  of 
their  reagents  with  this  factor,  but  have  considered  it  advisa¬ 
ble  to  include  p-aminobenzoic  acid  in  the  modified  basal 
medium. 

The  composition  of  the  medium  finally  adopted  is  shown  in 
Table  I.  Aside  from  the  exceptions  noted  above  and  the 
use  of  0.2  instead  of  0.4  part  per  billion  of  biotin,  the  com¬ 
position  is  the  same  as  that  recommended  by  Snell  and 
Wright.  This  modified  medium  is  referred  to  in  the  re¬ 
mainder  of  this  paper  as  the  basal  medium. 


Figure  1.  Response  to  Pure  Nicotinic  Acid  (72 
Hours’  Incubation) 

1.  Snell-Wright  medium 

2.  Snell-Wright  medium  modified  to  contain  2  per  cent  glucose 

and  2  per  cent  sodium  acetate 
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Table  I.  Basal  Medium  for  Nicotinic  Acid  Assay 


Acid-hydrolyzed  casein 

0.5% 

i(-)  Tryptophan 

0.01% 

i(-)  Cystine 

0.02% 

Glucose,  anhydrous 

2.0% 

Sodium  acetate,  anhydrous 

2.0% 

Calcium  pantothenate 

0.1  p.  p. 

Thiamine  chloride 

0.1  p.  p. 

Pyridoxine 

0.1  p.  p. 

Riboflavin 

0.2  p.  p. 

Biotin 

0.2  p.  p. 

p-Aminobenzoic  acid 

0. 1  p.  p. 

Adenine 

10  p.  p. 

Guanine 

10  p.  p. 

Uracil 

10  p.  p. 

Inorganic  salts  solution  A 

See  text 

Inorganic  salts  solution  B 

See  text 

Preparation  of  Stock  Solutions.  The  stock  solutions 
described  below  are  stored  in  the  dark  in  the  presence  of  chloro¬ 
form  and  toluene,  and  preferably  in  the  refrigerator.  The  tol¬ 
uene  is  added  until  a  thin  layer  is  visible  over  the  surface  of  the 
solution,  and  the  quantity  of  chloroform  used  is  such  that  a  few 
drops  are  visible  at  the  bottom  of  the  flask. 

Acid-Hydrolyzed  Casein.  One  hundred  grams  of  “vitamin- 
free”  casein — e.  g.,  Labco — are  twice  extracted  by  stirring  15 
minutes  at  room  temperature  with  2  to  3  volumes  of  95  per  cent 
ethanol  and  filtering.  The  casein  is  then  gently  refluxed  over  a 
low  flame  with  300  cc.  of  concentrated  hydrochloric  acid  for  16 
to  20  hours.  The  casein  hydrolyzate  is  concentrated  to  a  paste 
in  vacuo  from  a  70°  to  80°  C.  water  bath,  200  cc.  of  water  are 
added,  and  the  concentration  is  repeated.  The  residue  is  dis¬ 
solved  in  about  700  cc.  of  water,  adjusted  to  pH  4.0  (yellow-green 
to  bromocresol  green,  outside  indicator)  with  saturated  sodium 
hydroxide  solution,  20  grams  of  an  activated  charcoal  (Norite  A 
or  Darco  G-60)  are  added,  and  the  mixture  is  stirred  for  1  hour  at 
room  temperature.  The  charcoal  is  removed  by  gravity  filtra¬ 
tion,  the  pH  adjusted  to  6.6  to  6.8  (bromothymol  blue,  outside 
indicator),  and  the  filtrate  diluted  with  distilled  water  to  1000 
cc.  Each  cubic  centimeter  therefore  is  equivalent  to  100  mg.  of 
the  original  casein.  The  final  solution  should  be  no  darker  than 
a  pale  straw  color.  Any  sediment  occurring  in  the  casein  hy¬ 
drolyzate  on  standing  may  in  general  be  eliminated  by  auto¬ 
claving  for  1  hour  at  10,500  kg.  per  square  meter  (15  pounds  per 
square  inch)  pressure. 

l-Cystine  Solution.  Four  grams  of  Z-cystine  are  suspended  in 
500  cc.  of  hot  water  and  the  smallest  amount  of  concentrated 
hydrochloric  acid  needed  to  effect  solution  is  added  dropwise  with 
stirring.  The  solution  is  then  diluted  to  1000  cc.,  so  that  each 
cubic  centimeter  contains  4  mg.  of  Z-cystine. 

Z(-)  Tryptophan.  Two  grams  of  Z(-)tryptophan  are  dissolved 
in  about  700  cc.  of  warm  water,  with  the  aid  of  a  few  drops  of 
concentrated  hydrochloric  acid.  The  solution  is  diluted  to  1000 
cc.  so  that  each  cubic  centimeter  contains  2  mg.  of  Z(-)trypto- 
phan. 

Anhydrous  c.  p.  glucose  and  sodium  acetate  are  weighed  out  as 
needed. 

Biotin.  The  contents  of  an  ampoule  containing  25  micro¬ 
grams  of  biotin  as  the  free  acid  are  diluted  to  250  cc.,  so  that 
each  cubic  centimeter  contains  0.1  microgram  of  biotin.  One 
cubic  centimeter  of  inorganic  salt  solution  A  is  added  as  the  solu¬ 
tion  is  being  diluted  to  volume. 

When  biotin  methyl  ester  is  used,  the  contents  of  a  25-micro- 
gram  ampoule  are  added  to  50  cc.  of  0.1  N  hydrochloric  acid  and 
autoclaved  for  1  hour  at  15  pounds  per  square  inch  pressure.  One 
cubic  centimeter  of  inorganic  salts  solution  A  is  added,  the  pH 
is  adjusted  to  6.6  to  6.8,  and  the  volume  is  made  to  236  cc.  Each 
cubic  centimeter,  therefore,  provides  0.1  microgram  of  biotin, 
since  25  micrograms  of  biotin  methyl  ester  theoretically  yield 
23.6  micrograms  of  the  free  acid  on  hydrolysis.  The  use  of  0.1  N 
hydrochloric  acid  is  specified  above  because  it  was  found  in  this 
laboratory  that  autoclaving  a  neutral  aqueous  solution  of  biotin 
methyl  ester  for  15  minutes  at  15  pounds’  pressure  did  not  bring 
about  complete  hydrolysis. 

p-Aminobenzoic  Acid.  One  hundred  milligrams  of  p-amino- 
benzoic  acid  are  dissolved  in  about  500  cc.  of  distilled  water  and 
diluted  to  1000  cc.,  so  that  each  cubic  centimeter  contains  100 
micrograms  of  p-aminobenzoic  acid. 

Nicotinic  Acid  Solutions.  One  gram  of  pure  nicotinic  acid  is 
dissolved  in  about  700  cc.  of  warm  distilled  water  and  diluted  to 
exactly  1000  cc.  This  stock  solution  should  be  made  up  fresh  at 
least  every  2  months  as  a  precaution  against  possible  change  in 
potency.  Exactly  10  cc.  of  the  above  solution  are  diluted  to  1000 
cc.  to  give  a  10  microgram  per  cc.  solution  of  nicotinic  acid. 


This  solution  is  made  up  fresh  each  time  that  the  standard  (see 
below)  is  prepared. 

Ten  cubic  centimeters  of  the  10  microgram  per  cc.  solution  are 
diluted  to  1000  cc.  to  make  the  standard  solution  containing  0.1 
microgram  of  nicotinic  acid  per  cc.  This  standard  is  freshly  pre¬ 
pared  each  week. 

Commercial  c.  p.  nicotinic  acid  has  been  used  as  received  for 
the  primary  standard  throughout  this  investigation.  A  sample 
taken  from  a  half-used,  115-gram  (quarter-pound)  bottle  was 
examined  for  moisture  by  heating  over  phosphorus  pentoxide 
at  100°  C.  and  0.08-mm.  pressure  for  5  hours.  The  loss  in  weight 
amounted  to  0.91  per  cent. 

Thiamine  Chloride,  Calcium  Pantothenate,  and  Pyridoxine 
Solution.  A  stock  solution  is  prepared  in  distilled  water,  and  is 
so  diluted  as  to  contain  100  micrograms  of  each  of  these  vitamins 
per  cc. 

The  following  solutions  are  made  up  according  to  the  directions 
given  by  Snell  and  Wright  (IS):  riboflavin  solution;  adenine, 
guanine,  uracil  solution;  inorganic  salts  solution  A;  and  inor¬ 
ganic  salts  solution  B. 

Stock  Cultures  and  Inoculum.  Stock  cultures  are  carried 
as  stabs  in  an  agar  medium  made  up  as  outlined  by  Snell  and 
Wright,  except  that  the  medium  is  modified  to  contain  0.5  per 
cent  dextrose  and  0.5  per  cent  sodium  acetate.  These  cultures 
are  transferred  at  weekly  intervals  and  at  each  weekly  transfer 
3  to  4  extra  stab  cultures  are  prepared.  Each  culture  is  incubated 
24  to  32  hours  at  37°  C.  and  then  held  in  the  refrigerator  until 
needed. 

To  grow  inoculum  for  the  assay  tubes  a  transfer  is  made  from 
one  of  the  above  stab  cultures  into  a  tube  containing  10  cc.  of  the 
basal  medium  plus  1  microgram  of  nicotinic  acid.  This  liquid 
culture  is  incubated  for  24  hours  at  37°  C.  and  the  cell  suspension 
so  obtained  is  used  for  inoculation,  either  as  it  is  or  after  diluting 
with  an  equal  volume  of  0.9  per  cent  saline.  This  procedure 
eliminates  centrifugation  and  resuspension  of  the  cells. 


Figure  2.  Response  to  Pure  Nicotinic  Acid  (72 
Hours’  Incubation) 

1.  Snell-Wright  medium  modified  to  contain  2  per  cent  glucose 

2.  Snell-Wright  medium  modified  to  contain  0.02  per  cent  cystine 


Inoculum  so  prepared  is  not  used  for  growing  further  inocula 
by  serial  transfers  in  the  liquid  medium.  On  the  contrary,  one 
should  return  to  a  stab  culture  each  time  inoculum  is  to  be  pre¬ 
pared.  One  such  stab  may  be  used  several  times  if  proper  pre¬ 
cautions  are  taken  to  exclude  contamination  with  other  organ¬ 
isms. 

Preparation  of  Samples.  Dry  materials  are  finely  ground, 
and  fresh  materials  are  mechanically  homogenized  in  water— 
e.  g.,  with  a  Waring  Blendor  or  Potter-Elvehjem  homogeDizer 
(11).  One  gram  of  material  is  suspended  in  50  cc.  of  N  hydro¬ 
chloric  or  sulfuric  acid,  and  the  suspension  is  autoclaved  20  min¬ 
utes  at  15  pounds  per  square  inch  pressure.  The  cooled  mixture 
is  adjusted  to  pH  6.6  to  6.8  with  N  sodium  hydroxide,  and  di¬ 
luted  to  such  a  volume  that  each  cubic  centimeter  contains  ap¬ 
proximately  0.05  microgram  of  nicotinic  acid.  Filtration  is  un¬ 
necessary,  but  does  no  harm.  Water-soluble  materials  are 
dissolved  in  the  acid,  autoclaved,  neutralized,  and  diluted  as 
above. 

Procedure.  To  prepare  medium  sufficient  for  100  tubes, 
the  following  quantities  of  the  above  stock  solutions  and 
reagents  are  required: 
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Acid-hydrolyzed  casein  solution 

50  cc. 

1-Cystine  solution 

50  cc. 

f(-)  Tryptophan  solution 

50  cc. 

Anhydrous  glucose 

20  grams 

Anhydrous  sodium  acetate 

20  grams 

Biotin  solution 

2  cc. 

p-Aminobenzoic  acid  solution 
Thiamine,  calcium  pantothenate, 

1  cc. 

pyridoxine  solution 

1  cc. 

Riboflavin  solution 

2  cc. 

Adenine,  guanine,  uracil  solution 
Inorganic  salts,  solution  A 

10  cc. 

5  cc. 

Inorganic  salts,  solution  B 

5  cc. 

These  materials  are  mixed,  adjusted  to  pH  6.6  to  6.8,  and  di¬ 
luted  with  distilled  water  to  500  cc.  Five  cubic  centimeters  of 
this  solution,  which  is  exactly  double  the  concentration  of  the 
basal  medium,  are  measured  into  each  tube.  Twenty  tubes  are 
reserved  for  blanks  and  for  the  standard  curve.  To  these  are 
added  0.0,  0.0,  0.5,  0.5,  1.0,  1.0,  1.5,  1.5,  2.0,  2.0,  2.5,  2.5,  3.0,  3.0, 
3.5,  3.5,  4.0,  4.0,  5.0,  and  5.0  cc.,  respectively,  of  the  standard 
nicotinic  acid  solution  (0.1  microgram  per  cc.). 


Figure  3.  Response  to  Pure  Nicotinic  Acid  on 
Present  Basal  Medium 

1.  24-hour  incubation 

2.  72-hour  incubation 


The  remaining  tubes  are  used  for  the  assay  of  the  test  samples. 
For  each  sample  8  tubes  are  used,  and  to  them  are  added,  respec¬ 
tively,  1.0,  1.0,  2.0,  2.0,  3.0,  3.0,  4.0,  and  4.0  cc.  of  the  solution 
prepared  as  described  above.  The  volume  of  liquid  in  each  tube 
is  then  brought  to  10  cc.  by  the  addition  of  distilled  water,  the 
tubes  are  plugged,  autoclaved  at  15  pounds  per  square  inch 
pressure  for  15  minutes,  cooled  to  room  temperature,  and  inocu¬ 
lated  with  1  drop  of  inoculum.  After  72  hours’  incubation  at 
37°  (=*=1°)  C.  the  contents  of  each  tube  are  titrated  according 
to  the  directions  given  by  Snell  and  Wright  {13). 

Calculation  of  Results.  In  evaluating  the  results  of 
an  assay,  the  agreement  between  the  titration  values  of 
duplicate  tubes  is  first  noted.  These  ordinarily  do  not 
differ  by  more  than  0.2  to  0.3  cc.  of  0.1  N  alkali,  and  any 
tubes  which  do  differ  by  0.5  cc.  or  more  are  discarded.  Such 
variations  probably  are  attributable  either  to  bacterial 
contamination  or  to  errors  in  measuring  out  the  liquids  added 
to  the  tubes.  If  the  duplicate  tubes  agree  satisfactorily, 
the  titration  values  are  averaged  and  used  as  one  value  in 
subsequent  calculations. 

The  standard  curve  is  plotted  in  the  usual  manner — e.  g., 
curve  2,  Figure  3 — and  from  it  the  nicotinic  acid  content  of 
each  assay  tube  is  determined.  Tubes  which  contain  less 
than  0.04  or  more  than  0.30  microgram  of  nicotinic  acid 
are  rejected  as  being  outside  the  useful  assay  range.  The 
nicotinic  acid  contents  of  tubes  falling  in  this  range  are  then 
converted  to  micrograms  of  nicotinic  acid  per  cubic  centimeter 
of  test  solution,  and  the  agreement  at  different  levels  is 


noted.  The  final  nicotinic  acid  content  of  the  sample  is 
calculated  from  the  average  of  at  least  three  such  values, 
none  of  which  deviates  more  than  ±10  per  cent  from  the 
average. 

An  alternative  procedure  for  setting  up  samples  and 
calculating  results  has  been  used  in  this  laboratory,  in  case 
a  great  many  routine  assays  are  being  done  by  an  experienced 
analyst.  In  this  procedure  five  tubes  are  used  for  each 
sample,  and  to  them  are  added  1.0,  2.0,  3.0,  4.0,  and  5.0  cc., 
respectively,  of  the  test  solution.  The  results  from  at  least 
three  of  these  tubes  must  fall  in  the  assay  range,  and  must 
agree  to  within  ±10  per  cent  to  permit  calculation  of  a 
reliable  value  for  the  nicotinic  acid  content  of  the  sample. 
The  results  from  tubes  which  do  not  satisfy  the  above  re¬ 
quirements  are  rejected. 

Time  of  Incubation.  In  practically  all  this  work  the 
tubes  have  been  incubated  72  hours  and  this  period  is  recom¬ 
mended  for  general  use.  However,  it  is  possible  to  secure 
usable  results  in  shorter  periods,  even  after  as  short  a  period 
as  24  hours’  incubation.  A  standard  curve  obtained  in  this 
way  is  shown  in  Figure  3.  It  will  be  noted  that  this  curve 
is  very  similar  to  that  obtained  in  72  hours  by  the  original 
Snell-Wright  method  (Figure  1),  but  is  more  nearly  linear. 
Comparative  results  obtained  after  24  and  72  hours’  incuba¬ 
tion  are  shown  in  Table  II. 

Effect  of  Cornstarch  and  Fatty  Acids  on  L.  arabinosus. 
Five  grams  of  commercial  cornstarch  and  50  cc.  of  0.1  N 
hydrochloric  acid  were  mixed  and  autoclaved  for  20  minutes 
at  15  pounds  per  square  inch  pressure.  The  mixture  was 
adjusted  to  pH  6.6  to  6.8  and  diluted  to  100  cc.  Two  other 
similar  preparations  were  also  made  in  which  water  and 
0.1  A  sodium  hydroxide,  respectively,  were  substituted  for 
the  hydrochloric  acid.  Each  solution  was  assayed  for  nico¬ 
tinic  acid  by  the  original  Snell-Wright  method,  both  directly 
and  after  the  addition  of  nicotinic  acid  equivalent  to  5  micro¬ 
grams  per  gram  of  the  original  starch.  The  results  are  shown 
in  Table  III. 

Samples  of  oleic,  linoleic,  stearic,  and  palmitic  acids  were 
also  tested  for  their  effect  on  the  nicotinic  acid  assay.  These 
samples  were  the  same  as  those  used  by  Strong  and  Carpenter 
{15)  and  were  tested  at  the  levels  found  by  them  to  have  the 


Table  II.  Comparison  of  72-Hour  and  24-Hour  Assay 

Results 


Samples  24-Hour  A$say  72-Hour  Assay 

Micrograms  per  gram 


Defatted  corn  germ 

46.4,45.7 

44.0,45.5 

Raw  corn  germ 

34.8,35.1 

31.8, 30.0 

Rice  Krispies 

108, 107 

106, 104 

Corn  flakes 

19.2, 19.5 

18.4,  17.6 

Solubilized  liver  extract 

102, 101 

98.0,94.0 

Wheat  middlings 

108,  103 

104,99.3 

Alfalfa  meal 

40.8,39.0 

43.2,38.0 

Skim  milk  powder 

10.2,9.70 

8.20,8.20 

Dried  yellow  split  peas 

31.8, 32.7 

31.8,33.0 

Rice  polishings 

880, 900 

864, 850 

Canned  green  beans 

4.70,4.70 

4.50,4.60 

Table  III.  Recovery  of  Nicotinic  Acid  Added  to 
Cornstarch0 


Volume  of 
Autoclaved 
Suspension 

Nicotinic  Acid  Recovered''  after  Autoclaving  Starch 
Suspended  in: 

per  Tube 

Water 

0.1  N  HC1 

0.1  N  NaOH 

Cc. 

% 

% 

% 

1 

92 

107 

102 

2 

102 

102 

109 

3 

109 

105 

105 

4 

102 

102 

107 

5 

98 

102 

104 

°  Starch  contained  0.4  Mg.  of  nicotinic  acid  per  gram  and  5  Mg-  per  gram 
was  added  after  autoclaving. 

i>  Corrected  for  nicotinic  acid  content  of  original  starch. 
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Table  IV.  Effect  of  Fatty  Acids  on  Recovery  of  Known 


Amounts  of  Nicotinic  Acid 

Substances  Added  per  Tube 

Ratio  of 

Nicotinic 

Fatty  Acid 

Nicotinic 

Fatty  Acid  to 

Acid 

Kind 

Amount 

Acid 

Nicotinic  Acid 

Recovered 

Micrograms 

Micrograms 

% 

Oleic 

48 

0.05 

960 

100 

96 

0.10 

960 

100 

144 

0.15 

960 

100 

192 

0.20 

960 

96 

24 

0.05 

480 

110 

48 

0.10 

480 

100 

72 

0.15 

480 

95 

96 

0.20 

480 

92 

Linoleic 

40 

0.05 

800 

125 

80 

0.10 

800 

117 

120 

0.15 

800 

115 

160 

0.20 

800 

105 

20 

0.05 

400 

125 

40 

0.10 

400 

122 

60 

0.15 

400 

107 

80 

0.20 

400 

80 

Stearic 

20 

0.05 

400 

100 

40 

0.10 

400 

100 

60 

0.15 

400 

114 

80 

0.20 

400 

108 

100 

0.25 

400 

106 

Palmitic 

13 

0.05 

260 

120 

26 

0.10 

260 

110 

39 

0.15 

260 

108 

52 

0.20 

260 

111 

65 

0.25 

260 

106 

greatest  influence  on  the  riboflavin  assay.  The  method  of 
testing  also  was  the  same  as  that  previously  used.  The 
results  are  presented  in  Table  IV. 

Discussion 

The  decision  to  employ  a  strong  acid  to  effect  extraction  of 
the  sample  has  been  based  mainly  on  two  considerations. 
First,  the  demonstrated  existence  of  combined  forms  of  nico¬ 
tinic  acid  which  are  not  measured  by  L.  arabinosus  ( 1 ,  4,  8) 
makes  some  kind  of  a  hydrolytic  procedure  imperative  if 
total  nicotinic  acid  is  to  be  determined.  Secondly,  sodium 
hydroxide  has  proved  undesirable  for  general  use  on  account 
of  soap  formation  with  high-fat  samples.  The  data  in 
Tables  III  and  IV  indicate  that  little  interference  is  to  be 
expected  from  fatty  acids  in  the  sample,  with  the  possible 
exception  of  linoleic  acid.  Materials  high  in  this  acid  should 
probably  be  extracted  with  ether  before  assay. 

If  crystalline  biotin  preparations  are  used,  the  casein 
hydrolyzate  will  be  the  only  important  factor  contributing  to 
high  blanks.  Removal  of  nicotinic  acid  from  the  casein 
must  be  made  as  complete  as  possible  before  hydrolysis. 
Fifty  per  cent  alcohol  and  0.1  N  hydrochloric  acid  have  been 
suggested  for  extraction  of  the  casein,  but  appear  to  have 
little  if  any  advantage  over  95  per  cent  alcohol.  It  is  very 
important  that  the  hydrolyzate  be  treated  with  an  active 
charcoal.  In  the  authors’  hands  Darco  G-60  has  given  the 
best  results. 

It  is  their  experience  that  inocula  grown  by  repeated  trans¬ 
fer  in  the  Snell- Wright  basal  medium  are  less  satisfactory 
than  cells  taken  directly  from  the  stab  culture.  This  un¬ 
doubtedly  is  attributable  to  deficiencies  in  that  medium. 
Whether  or  not  the  present  basal  would  be  more  successful 
in  this  regard  has  not  been  investigated,  since  the  recom¬ 
mended  procedure  uniformly  produces  a  very  active  inoculum. 

The  basal  medium  recommended  in  this  paper  is  the  result 
of  extensive  trials  made  with  many  different  combinations  of 
ingredients.  Additional  substances  which  were  tested  but 
appeared  not  to  be  beneficial  include  a  folic  acid  preparation, 
asparagine,  glutamine,  ammonium  sulfate,  ammonium  phos¬ 
phate,  glycine,  serine,  threonine,  isoleucine,  and  various 


combinations  of  these  materials.  A  few  runs  were  made  in 
which  pyridoxine,  thiamine,  and  riboflavin  were  omitted 
from  the  medium.  In  agreement  with  previous  observa¬ 
tions  ( 2 ,  12)  satisfactory  results  were  obtained,  and  it  may 
well  be  that  these  ingredients  are  superfluous.  However,  the 
authors  do  not  feel  justified  at  the  present  time  in  recom¬ 
mending  that  they  be  left  out.  The  beneficial  effect  of  the 
increased  concentration  of  sodium  acetate  is  in  line  with 
similar  observations  by  Stokes  and  Martin  on  Lactobacillus 
casei  (14)- 

The  main  advantages  of  the  modified  procedure  are  the 
enhanced  response  of  the  bacteria  to  pure  nicotinic  acid, 
the  linearity  of  the  response,  and  the  greater  reliability  and 
reproducibility  of  the  assay  results.  The  bacterial  response 
may  be  expressed  by  the  average  additional  acid  production 
elicited  by  each  increment  of  nicotinic  acid.  This  amounts 
to  1.40  cc.  per  0.05  microgram  of  nicotinic  acid  over  the 
range  0.04  to  0.30  microgram  for  the  standard  curve  given 
in  Figure  3,  curve  2.  The  analogous  figure  calculated  for  the 
same  range  from  the  result  on  the  original  medium  (curve  1, 
Figure  1)  is  only  0.86  cc. 

Perfectly  straight-line  standard  curves  extending  to  a 
titration  of  10  cc.  or  over  are  regularly  obtained.  The  amount 
of  nicotinic  acid  required  to  reach  the  highest  point  in  the  lin¬ 
ear  portion  of  the  curve  varies  from  0.3  to  0.4  microgram. 
It  is  for  this  reason  that  the  assay  range  has  been  given  as 
0.04  to  0.3  microgram.  The  range  could  no  doubt  be  safely 
extended  to  0.4  microgram  in  those  assays  where  the  linear 
portion  of  the  curve  reaches  this  level  of  nicotinic  acid. 

Results  show  excellent  agreement  at  different  levels  of 
sample,  and  are  frequently  within  ±  5  per  cent  over  the  entire 
assay  range.  The  method  as  here  described  has  been  applied 
routinely  to  over  500  food  samples  in  this  laboratory  ( 6 ), 
and  has  been  found  entirely  satisfactory. 


Table  V.  Effect  of  Oxidizing  Agents  on  Microbiological 
Assay  of  Nicotinic  Acid  in  Wheat 


Preliminary 

Nicotinic  Acid  Found 

Material 

Treatment 

Brown 

Present 

Assayed 

of  Extract0 

et  al.  (3) 

M -Ig¬ 

authors 

M-/9- 

Whole  wheat  flour 

None 

A'S. % 

40.0 

(collaborative 

H2O2,  HC1 

24.75 

42.4 

sample)  i> 

H2O2,  Lloyd’s  reagent 

23.75 

H2O2,  NaOH 

48 

4?!  5 

KMnOi c 

•  .  •  • 

36.8 

Wheat  bran,  1 

None 

140 

H2O2,  HC1 

138 

Wheat  bran,  2 

None 

188'  ‘ 

H2O2,  HC1 

172 

NaOH,  d 

NaOH,  then  H2O2, 

.... 

288 

HC1 

.... 

292 

“  Extracts  were  prepared  and  treated  with  Superoxol  in  acid 

or  alkaline 

solution  exactly  according  to  directions  of 

Brown  et  al.  (3). 

Extract  of 

wheat  bran  2  was  made  by  boiling  for  I  hour  with  100  parts  of  0.1  N  HC1. 
t>  Obtained  from  John  Andrews — same  sample  as  that  used  by  Brown  et  al. 

(3). 

c  Heated  10  minutes  at  100°  with  excess  N  KMnOj,  then  decolorized  with 
hydrogen  peroxide. 

d  To  20  cc.  of  0.1  N  HC1  extract  were  added  3  cc.  of  15  per  cent  NaOH, 
mixture  was  allowed  to  stand  10  minutes  at  room  temperature  and  neutral¬ 
ized.  This  treatment  hydrolyzes  alkali-sensitive  precursor  of  nicotinic  acid 
which  is  present  in  wheat  (I),  and  is  extracted  but  not  hydrolyzed  by  0.1  N 
HC1  at  100°  (8). 


A  serious  criticism  has  recently  been  leveled  at  the  micro¬ 
biological  method  for  the  determination  of  nicotinic  acid  by 
Brown,  Thomas,  and  Bina  (3),  who  have  reported  that  much 
lower  values  were  found  in  various  wheat  fractions  after 
oxidation  with  hydrogen  peroxide.  The  authors  have  re¬ 
peated  their  work  on  whole  wheat  flour,  and  are  unable  to 
corroborate  their  findings.  A  summary  of  the  results  is 
given  in  Table  Y.  It  is  apparent  that  in  the  authors’  hands 
no  variations  greater  than  the  experimental  error  of  the 
method  were  found  after  oxidation. 
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The  figure  of  about  40  micrograms  per  gram  for  the  whole 
wheat  sample  seems  to  be  the  correct  nicotinic  acid  content 
as  determined  on  the  extract  prepared  according  to  Brown 
et  al.  There  is  little  doubt  that  this  is  much  lower  than  the 
true  value,  which  is  about  64  micrograms  per  gram  (9),  and 
that  the  discrepancy  is  attributable  to  incomplete  extraction. 
A  similar  difference  is  evident  in  the  case  of  wheat  bran,  and 
is  again  probably  due  to  the  method  of  extraction  used. 

The  value  of  34  micrograms  per  gram  for  the  nicotinic 
acid  content  of  wheat  germ  (8,  16)  is  probably  too  low. 
Assay  of  a  more  extended  series  of  wheat  germ  samples  in 
this  laboratory  has  shown  that  the  germ  contains  approxi¬ 
mately  the  same  amount  of  nicotinic  acid  as  does  whole 
wheat. 

Summary 

Modifications  in  the  basal  medium  proposed  by  Snell  and 
Wright  (18)  for  the  microbiological  determination  of  nicotinic 
acid  have  been  described,  as  well  as  a  different  procedure  for 
growing  the  necessary  inoculum.  These  variations  have 
resulted  in  nearly  doubling  the  response  of  the  bacteria  to 
quantities  of  nicotinic  acid  in  the  range  0.04  to  0.3  microgram, 
and  have  produced  a  linear  standard  curve. 

The  assay  as  carried  out  at  present  is  characterized  by  a 
much  higher  degree  of  consistency  and  uniformity  than 
were  usually  obtained  with  the  method  as  originally  published. 
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A  Spot  Plate  for  Drop  Tests 


PHILIP  W.  WEST 

Coates  Chemical  Laboratory 
Louisiana  State  LIniversity,  Baton  Rouge,  La. 


AT  PRESENT  two  common  types  of  spot  plates  are  in 
use.  When  a  soluble  colored  reaction  product  is  antici¬ 
pated,  a  white  spot  plate  is  used.  If  the  reaction  product 
anticipated  is  a  precipitate  (other  than  black,  blue,  or  dark 
red),  a  black  spot  plate  is  ordinarily  selected.  During  inves¬ 
tigations  of  various  drop  reactions  it  became  apparent  that  a 
combination  black  and  white  spot  plate  would  be  of  advan¬ 
tage,  and  a  plate  of  the  design  shown  in  Figure  1  was  ordered. 
Such  a  plate  is  obtained  by  placing  a  black  glaze  on  half  of  an 
ordinary  three-depression  white  spot  plate.  The  line  of  de- 
markation  between  the  black  and  the  white  should  run  ex¬ 
actly  through  the  centers  of  the  three  depressions. 

The  plate  as  shown  is  adaptable  for  either  colored  solutions 
or  precipitates.  Its  great  advantage  lies  in  the  hands  of  the 
experienced  analyst  to  whom  each  intermediate  precipitate 
and  color  is  significant,  regardless  of  the  form  of  the  final  test 
product.  By  observing  intermediate  colors  or  precipitates 
possible  interferences  due  to  complex  ion  formation,  competi¬ 
tive  reactions,  etc.,  can  be  anticipated  (1).  A  further  use  is 
suggested  by  the  work  of  West  and  Houtman  (2),  who  propose 
a  test  for  orthophosphate  which  depends  on  the  formation  of 
a  yellow  precipitate,  best  seen  over  a  black  surface,  which  is 
differentiated  from  interfering  precipitates  by  converting  it 
to  a  blue  compound  which  should  be  observed  over  a  white 


surface.  The  combination 
spot  plate  has  proved  in¬ 
valuable,  both  in  research 
and  in  the  routine  applica¬ 
tion  of  drop  reactions. 

Spot  plates  of  this  de¬ 
sign  can  be  obtained  after 
the  war  from  the  Fisher 
Scientific  Company,  Pitts¬ 
burgh,  Penna. 
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The  top  depression  contains  a  clear 
colorl“ss  solution,  the  center  a  blue 
colored  compound,  and  the  lower 
a  yellow  precipitate.  The  advan¬ 
tage  of  the  combination  plate  is 
best  observed  by  alternately  cover¬ 
ing  the  white  and  black  halves. 


Figure  1.  Combination 
Black  and  White  Spot 
Plate 


Anhydrous  Copper  Sulfate  in  the  Kjeldahl  Nitrogen 

Determination 

CROOM  BEATTY  III 
Oberlin  College,  Oberlin,  Ohio 


THE  Association  of  Official  Agricultural  Chemists  (1) 
recommends  the  use  of  crystallized  copper  sulfate  (penta- 
hydrate)  in  the  official  Kjeldahl-Gunning-Arnold  method  for 
the  determination  of  organic  nitrogen.  Bradstreet  {2)  in  a 
survey  of  the  Kjeldahl  method  of  analysis  mention "  the  use  of 
copper  sulfate  as  a  catalyst  for  the  Kjeldahl  digestion,  but  in 
every  case  this  is  the  copper  sulfate  pentahydrat J.  Niederl 
and  Niederl  (S)  recommend,  for  the  micro-Kjeldahl  technique, 
the  use  of  1  part  of  potassium  sulfate,  3  parts  of  copper  sul¬ 
fate  pentahydrate,  and  a  small  amount  of  selenium. 

This  latter  procedure,  somewhat  modified  for  semimicro¬ 
quantities,  was  used  for  routine  determinations  of  nitrogen  in 
organic  compounds.  It  was  found,  however,  that  if  the 
copper  sulfate  pentahydrate  were  replaced  by  anhydrous 
copper  sulfate  several  advantages  were  apparent.  The 
anhydrous  copper  sulfate  did  not  dissolve  completely  in  the 
sulfuric  acid  (unlike  the  pentahydrate)  and  the  fine  crystals 
served  as  “boiling  stones”,  allowing  a  much  more  rapid  and 
smooth  digestion,  free  from  all  bumping.  The  size  of  the 


flame  used  was  of  less  importance,  since  there  was  no  tendency 
to  bump. 

Copper  sulfate  as  a  catalyst  is  likewise  useful  in  the  distilla¬ 
tion  of  the  ammonia  as  an  internal  indicator,  since  the  blue 
color  disappears  when  the  solution  is  made  basic,  while  black 
cupric  oxide  is  formed. 

The  semimicromethod  of  analysis  used  calls  for  a  sample 
size  of  20  to  35  mg.,  to  which  are  added  8  ml.  of  concentrated 
sulfuric  acid,  2  grams  of  copper  sulfate-potassium  sulfate  mix¬ 
ture  and  about  20  mg.  of  powdered  selenium.  The  mixture 
is  digested  for  15  to  25  minutes.  A  finely  ground  mixture  of 
1  part  of  anhydrous  copper  sulfate  and  2  parts  of  potassium 
sulfate,  with  a  small  amount  of  selenium  is  used  as  catalyst 
in  the  semimicro-Kjeldahl  analyses  run  in  this  laboratory. 
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Recommended  Specifications  for  Microchemical  Apparatus 


Correction  in  the  Design  of  the 
Dumas  Nitrogen  Stopcock 


IT  HAS  been  called  to  our  attention  that  the  design  of  the 
stopcock  published  in  our  previous  report  [Ind.  Eng.  Chem., 
Anal.  Ed.,  13,  580  (1941)]  is  incorrect,  in  that  it  reduces  the 
safe  zone  of  possible  leakage  from  one  fourth  of  the  circumfer¬ 
ence  to  one  eighth  or  less.  To  overcome  this,  we  suggest  that  the 
stopcock  be  designed  as  shown  in  Figure  2  instead  of  the  previous 
incorrect  procedure  shown  in  Figure  1. 

In  the  incorrect  view,  the  groove  on  the  lower  end  opening  of 
the  straight  bore  is  directed  toward  the  opening  of  the  bent  out¬ 


let  bore.  In  the  correct  form,  Figure  2,  the  direction  of  the 
groove  on  the  lower  end  of  the  straight  bore  must  be  away  from 
the  opening  of  the  bent  bore,  so  that  a  safe  zone  of  at  least  one 
fourth  of  the  circumference  of  the  stopcock  plug  remains.  The 
groove  of  the  bent  bore  may  remain  as  specified. 

G.  L.  Royer,  Chairman 

H.  K.  Alber 

L.  T.  Hallett 

J.  A.  Ktjck,  Secretary 
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A  “P.  S.”  from  the  Editors 


AT  THE  summer  meeting  of  the  Advisory  Board  of 
the  Analytical  Edition  of  Industrial  and 
Engineering  Chemistry,  attended  by  the  entire  mem¬ 
bership  of  the  board,  a  number  of  suggestions  were 
offered  and  discussed,  designed  to  improve  the  service 
rendered  the  readers  of  this  publication. 

In  the  future,  authors  must  supply  abstracts  of  their 
papers  if  such  manuscripts  are  likely  to  fill  more  than 
one  printed  page.  Further,  (1)  each  article  should  in¬ 
clude  a  statement  of  the  range  of  applicability  of  the 
suggested  method;  (2)  interferences  and  interfering 
substances  should  be  listed;  and  (3)  where  possible 
the  precision  and  accuracy  of  the  method  should  be 
given. 

We  quote  from  “A  Note  to  Authors”,  originally  pub¬ 
lished  in  January,  1937,  when  the  Analytical  Edition 
was  established  on  a  monthly  rather  than  a  bimonthly 
basis: 

The  author  should  distinguish  carefully  between  precision  and 
accuracy.  Briefly  but  somewhat  roughly  stated,  accuracy  is 
a  measure  of  degree  of  correctness;  precision  is  a  measure  of  re¬ 
producibility.  The  precision  of  a  result  does  not  necessarily 
have  anything  to  do  with  its  accuracy;  it  serves  merely  as  a 
measure  of  the  duplicability  of  the  procedure  in  the  hands  of 
a  given  operator.  No  claim  for  accuracy  should  be  made  un¬ 
less  the  author  believes  that  he  has  satisfactorily  established 
the  correct  result. 

Beginning  with  this  issue  new  monthly  features  are  to 
he  added — they  might  more  properly  be  designated  as 
departments.  One  will  be  titled  “Notes  on  Analytical 
Procedures”,  another,  “Book  Reviews”,  and  a  third 
will  report  new  scientific  apparatus  and  laboratory 
equipment.  In  addition,  from  time  to  time  news  items 
pertinent  to  the  analytical  field  will  be  published,  as,  for 
example,  one  in  this  issue  dealing  with  priorities  on 
laboratory  materials. 

At  this  point  it  might  be  well  to  state  the  funda¬ 
mental  purpose  of  the  Analytical  Edition  : 


1.  To  publish  fundamental  chemistry  of  analysis  and 
analytical  methods. 

2.  To  publish  applied  analytical  methods. 

It  was  the  consensus  of  opinion  of  the  entire  Advisory 
Board  that  long  papers  in  highly  specialized  fields 
should  not  be  published;  but  in  their  place  abstracts 
or  relatively  short  digests.  However,  exceptions  will 
be  made  where  such  specialized  articles  apply  to  fields 
in  which  a  reasonable  number  of  the  readers  of  this 
publication  are  actively  engaged  and  would,  therefore, 
find  such  articles  of  great  practical  value  in  their  work. 
Here  editorial  discretion  will,  of  course,  be  carefully 
exercised. 

In  conclusion,  the  editors  wish  to  point  out  to 
authors  the  limitations  now  imposed  on  all  publications 
in  the  matter  of  paper  supplies.  These  are  particularly 
serious  in  the  case  of  scientific  publications,  like  those 
of  the  American  Chemical  Society,  which  are  playing 
a  distinct  and  useful  part  in  the  war  effort  by  supply¬ 
ing  valuable  technical  information. 

It  has  been  said  that  “Brevity  is  the  soul  of  wit.” 
Indeed,  it  is  much  more  than  that.  Conciseness  con¬ 
sistent  with  clarity  is  asked  for  by  the  busy  men  and 
women  who  rightfully  are  accustomed  to  look  upon 
the  Analytical  Edition  as  their  “textbook”  on 
analytical  chemistry. 

Not  only  are  our  readers  busier  than  ever  before,  but 
so  are  those  who  give  so  willingly  of  their  time  and 
energies  in  the  role  of  reviewers.  This  is  particularly 
true  as  regards  the  members  of  the  Advisory  Board 
who  are  constantly  being  called  upon  for  opinions. 
Authors  should  and  most  of  them  do  prepare  manu¬ 
scripts  with  great  care.  There  are  only  very  few  who 
do  not. 

This  is  YOUR  publication.  The  editors  welcome, 
indeed  urge  you  to  submit  constructive  suggestions  and 
criticisms  as  they  occur  to  you. 
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Determination  of  Wax  in  Asphalt 

RAYMOND  L.  BETTS  and  H.  D.  WIRSIG1 

Esso  Laboratories,  Process  Division,  Standard  Oil  Development  Company,  Elizabeth,  N.  J. 


WAX  may  materially  affect  the  properties  of  an 
asphalt,  and  the  magnitude  of  the  effect  will  depend 
upon  the  specific  nature  of  the  wax  and  the  amount  present. 
A  small  quantity  of  wax  which  has  a  strong  tendency  to 
separate  in  large  crystals  will  be  decidedly  more  noticeable 
visually  than  a  considerably  larger  quantity  of  a  micro¬ 
crystalline  or  amorphous  wax,  or  one  having  a  greater  solu¬ 
bility  in  the  asphalt.  Consequently,  a  reliable  procedure 
capable  of  evaluating  both  the  character  and  quantity  of 
wax  present  in  an  asphalt  is  desirable.  Recent  publications 
(2,  6 )  of  new  methods  on  the  determination  of  wax  in  asphalt 
suggested  that  the  experience  at  the  Esso  Laboratories  on 
the  same  subject  might  be  of  interest. 

The  Holde  (4)  method  or  the  Hubbard  (5)  modification  is 
frequently  employed,  but  it  has  long  been  considered  un¬ 
satisfactory  because  of  the  belief  that  waxes  are  destroyed 
by  cracking,  which  results  in  erroneous  conclusions  regarding 
the  quantity  and  nature  of  the  wax  present.  This  belief  has 
been  corroborated  (7,  18,  15),  and  attempts  to  reduce  the 
error  by  limiting  the  time  of  distillation  have  not  been  par¬ 
ticularly  successful.  Because  of  the  limitations  of  the  Holde 
procedure,  other  methods  ( 1 ,  9,  10,  12)  have  been  developed 
but  none  has  proved  entirely  satisfactory.  Maass  (8),  on 
investigating  various  methods  of  treating  the  asphalt  to 
obtain  the  oily  constituents  preparatory  to  dewaxing  in  1  to 
1  ether-alcohol  or  butanone,  found  that  acid  treating  alone 
(12),  treating  with  adsorbents  with  or  without  subsequent 
acid  treating,  or  acid  treating  at  elevated  temperatures  (10), 
gave  similar  results  but  acid  treating  followed  by  distillation 
(9)  gave  low  wax  yields. 

Because  of  the  conflicting  opinions  regarding  the  merits 
of  the  various  procedures,  work  was  undertaken  to  study 
and  compare  the  various  methods.  The  problem  consisted 
of  two  parts:  the  selection  of  a  suitable  solvent  in  which 
residual  oils  are  soluble  and  waxes  are  relatively  insoluble, 
and  the  effect  of  the  several  treating  methods  on  waxes  and 
on  the  recovery  of  these  waxes  when  added  to  asphalt  in 
known  amounts. 

Selection  of  Solvent 

Materials.  Paraffin  wax,  124°  F.  (51°  C.)  melting  point. 
Petrolatum,  160°  F.  (71°  C.)  melting  point.  This  petrolatum 
had  a  Tag-Robinson  color  of  15-18  when  liquefied  and  was  ob¬ 
tained  from  132°  F.  (55°  C.)  melting  point  petrolatum  by  clay 
treating  in  4  volumes  of  naphtha  and  allowing  to  settle  at  70°  F. 
(21°  C.). 

1  Present  address,  U.  S.  Army. 


Ether,  Squibb,  U.  S.  P. 

Absolute  alcohol 
A.  S.  T.  M.  naphtha 
Trichloroethylene,  commercial 
Methyl-n-butyl  ketone,  commercial 
sec-Butyl  acetate,  boiling  point  111-113°  C. 

Colombian  distillate  cylinder  oil,  188  viscosity  S.  S.  U.  at 
210°  F.  (99°  C.) 

Pennsylvania  bright  stock,  143  viscosity  S.  S.  U.  at  210°  F. 
(99°  C.).  This  stock  wras  obtained  by  centrifuging  Pennsylvania 
cylinder  oil  in  3  volumes  of  naphtha  at  —4°  F.  (  —  20°  C.). 

Experimental.  Critical  solution  temperatures  of  waxes 
were  obtained  by  weighing  the  wax  in  a  bottle  equipped  with  a 
stopper  holding  a  thermometer.  The  correct  volume  of  solvent 
ivas  added  and  the  mixture  warmed  until  complete  solution  was 
obtained.  The  solution  was  then  cooled  slowly  with  frequent 
shaking  and  the  temperature  at  which  the  first  sign  of  turbidity 
appeared  was  taken  as  the  point  of  limiting  solubility  of  the  wax  in 
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Figure  1.  Relation  between  Temperature  and  Solubility 
of  124°  F.  (51  °  C.)  Melting  Point  Wax  in  Various  Solvents 


Table  I.  Cloud  Points  of  Solutions  of  Waxes  in  Various  Solvents 


Wax  Melting 
Point 

Solvent  Used 

2.5 

1.25 

0.625 

Concentration  of  Solution  (Grams  per  100  Ml.  of  Solvent) 

0.4  0.25  0.20  0.10  0.0625  0.04  0.032  0.020  0.016 

0.010 

0.005  0 

.0025 

°  F. 

°  F. 

0  F. 

o  p 

O  p 

0  F. 

°  F. 

°  F. 

O  p 

°  F. 

O  p 

o 

o 

°  F. 

o  p _ 

0  F. 

124 

sec-Butyl  acetate 

83 

75 

66 

55 

33 

30 

20 

8 

-8 

Methyl-n-butyl  ketone 

82 

f4 

66 

55 

35 

30 

20 

9 

-8 

3  to  1  ether-alcohol 

79 

71 

64 

51 

25 

16 

5 

-6 

A.  S.  T.  M.  naphtha 

46 

26 

19 

-3 

-11 

•  •  •  • 

Trichloroethylene 

40 

'3i 

23 

15 

'8 

—  2 

-14 

160 

(petrolatum)® 

sec-Butyl  acetate 

131 

121 

110 

98 

80 

68 

64  59 

54 

44 

30 

Methyl-n-butyl  ketone 

130 

120 

111 

97 

82 

'75 

68 

65  58 

55 

46 

32 

A.  S.  T.  M.  naphtha 

91 

62 

40 

38 

27 

24  15 

10 

Trichloroethylene 

79 

70 

'6i 

54 

46 

'36 

20 

12 

3 

“  Solutions  of  160°  F.  M.  P.  petrolatum  in  3  to  1  ether-alcohol  could  be  obtained  only  at  very  low  concentrations. 
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the  solvent.  Cloud  points  of  the  cylinder  stocks  and  of  wax-oil 
mixtures  in  each  solvent  were  obtained  in  a  similar  manner,  the 
weight  of  oil  or  wax  plus  oil  being  2.5  grams  per  100  ml.  of  solvent 
in  all  cases. 

Results.  The  cloud  points  of  solutions  of  waxes  in 
various  solvents,  containing  the  waxes  in  varying  con¬ 
centrations,  are  shown  in  Table  I  and  illustrated  graphically 
in  Figures  1  and  2.  These  curves  indicate  that  there  is  a 
semilogarithmic  relationship  between  temperature  and  wax 
solubility  at  temperatures  above  50°  F.  (10°  C.)  as  re¬ 
ported  in  the  literature,  but  at  lower  temperatures  there  is  a 
distinct  deviation  from  linearity.  There  are  no  appreciable 
differences  in  the  solubility  of  124°  F.  (51°  C.)  melting  point 
wax  in  3  to  1  ether-alcohol,  methyl-n-butyl  ketone,  and  sec- 
butyl  acetate,  but  160°  F.  (71°  C.)  melting  point  petroleum 
is  much  less  soluble  in  the  first  solvent  than  in  the  others. 
All  three  solvents  show  much  less  solvent  power  for  wax  than 
trichloroethylene  or  A.  S.  T.  M.  naphtha.  Although  solubility 
data  using  1  to  1  ether-alcohol  were  not  obtained  with  these 
particular  wax  samples,  other  experiments  showed  that 
waxes  are  even  less  soluble  in  this  mixture  than  in  any  of  the 
other  solvents. 

Cylinder  oils  (Table  II)  are  not  particularly  soluble  in 
trichloroethylene  and  relatively  insoluble  in  1  to  1  ether  al- 


Table  II.  Miscibility  Temperatures  of  Dewaxed  Oils  in 
Various  Solvents  in  2.5  Per  Cent  Concentration 


143  S.  S.  U.  Vis- 

Colombian  188  S.  S.  U‘ 

cosity  210°  F.  Penn. 

Viscosity  210°  F. 

Solvent 

Bright  Stock 

Distillate 

°  F. 

°  C. 

°  F. 

0  C. 

Methyl-n-butyl  ketone 

-30 

-34.4 

-40 

-40.0 

3  to  1  ether-alcohol 

-40 

-40.0 

-35 

-37.2 

sec-Butyl  acetate 

-25 

-31.7 

-30 

-34.4 

A.  S.  T.  M.  naphtha 

1  to  1  ether-alcohol 

-25 

-31.7 

-40 

-40.0 

25%  insoluble  at 
room  temperature 

+  30 

-  1.1 

Trichloroethylene 

20 

-  6.7 

+  20 

-  6.7 

Figure  2.  Relation  between  Temperature  and 
Solubility  of  160°  F.  (71  °C.)  Melting  Point 
Petrolatum  in  Various  Solvents 


Table  III.  Dewaxing  Differential 


160°  F.  M.  P. 


124°  F.  M. 

P.  Wax 

Petrolatum 

Versus 

Versus 

Versus 

Penn. 

Versus 

Penn. 

Colombian 

bright 

Colombian 

bright 

distillate 

stock 

distillate 

stock 

°  F. 

0  F. 

o  p _ 

o  p 

Methyl-n-butyl  ketone 

122 

112 

170 

160 

3  to  1  ether-alcohol 

114 

119 

sec-Butyl  acetate 

113 

108 

idi 

i  56 

A.  S.  T.  M.  naphtha 

86 

71 

131 

116 

Trichloroethylene 

20 

20 

59 

59 

cohol,  showing  that  the  latter  solvent  is  not  suitable  for  the 
separation  of  wax  from  oil.  The  other  solvents  studied  show 
comparatively  high  solvent  power  for  oils,  and  differ  from  one 
another  only  slightly. 

The  “dewaxing  differentials”  which  represent  the  dif¬ 
ferences  in  degrees  Fahrenheit  between  the  cloud  points  of 
solutions  of  the  wax  and  of  the  oil,  each  present  in  a  con¬ 
centration  of  2.5  grams  per  100  ml.  of  solvent,  are  recorded 
in  Table  III.  Methyl-n-butyl  ketone,  sec-butyl  acetate,  and 
3  to  1  ether-alcohol  exhibit  relatively  high  dewaxing  differ¬ 
entials  of  approximately  the  same  magnitude  and  appear  to  be 
the  most  effective  solvents  for  dewaxing  oil-wax  mixtures. 
Of  these  three,  the  ether-alcohol  is  the  least  desirable  mixture 
because  of  its  high  volatility,  which  makes  it  difficult  to 
obtain  solutions  of  high  melting  waxes  in  reasonable  con¬ 
centration.  The  presence  of  cylinder  oils  does  not  ap¬ 
preciably  affect  wax  solubility,  since  the  cloud  points  of 
solutions  of  oil-wax  mixtures  (Table  IV)  are  substantially  the 
same  as  those  obtained  when  the  wax  alone  was  present  in 
the  same  solvent  in  the  same  concentration  (values  shown 
in  brackets). 

These  results  indicated  that  either  methyl-n-butyl  ketone 
or  sec-butyl  acetate  would  be  satisfactory  for  separation  of 
wax  from  oil. 


In  order  to  confirm  this  conclusion,  varying  quantities  of 
124°  F.  (51°  C.)  melting  point  wax  were  mixed  with  sufficient 
188  S.  S.  U.  viscosity  at  210°  F.  (99°  C.)  Colombian  distillate  to 
give  1.0-gram  samples  of  wax  plus  oil.  The  mixtures  were  then 


Table  IV.  Cloud  Points  of  Solutions  of  Oil-Wax  Mixtures 
in  Various  Solvents 

(In  all  cases  solutions  contained  2.5  grams  of  oil  plus  wax  per  100  ml.  of 

solvent) 


Wax  in 

Cloud  Points® - 

Mixture 

124 

0  M.  P. 

Wax 

160°  M. 

P.  Petrolatum 

% 

°  F. 

°  F. 

°  F. 

o  p _ 

°  F. 

°  F. 

Solvent,  Methyl-n-Butyl  Ketone 

0 

-40 

-40 

5 

43 

(45) 

82 

(87) 

10 

53 

(55) 

93 

(96) 

25 

64 

(66) 

110 

(111) 

50 

73 

(74) 

120 

(120) 

100 

64 

130 

Solvent, 

sec-Butyl  Acetate 

-30 

-30 

5 

42 

(45) 

80 

(86) 

10 

52 

(55) 

92 

(96) 

25 

65 

(66) 

108 

(110) 

50 

71 

(74) 

120 

(121) 

100 

83 

Solvent,  3  to  1  Ether-Alcohol 


0 

-35 

5 

42 

(41) 

10 

52 

(51) 

25 

64 

(63) 

50 

100 

71 

79 

(71) 

“  Figures  in  parentheses  are  cloud  points  of  same  wax  in  same  concentra¬ 
tion  in  solvent,  but  free  from  oil. 
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Table  V.  Wax  Recovery 

(From  mixtures  of  124°  F.  M.  P.  wax  and  188  S.  S.  U.  viscosity  at  210°  F. 
Colombian  distillate  in  methyl-n-butyl  ketone) 


Wax  in  1.0 

Gram  of 

Mixture 

Yield 

Melting  point 

Gram 

% 

°  F. 

1. 00 

98 

125 

0.50 

101 

123 

0.25 

108 

127 

0.10 

98 

127 

0.05 

101 

125 

Table  VI.  Effect  of  Adsorbent  on  Wax  Yield  by  the 
Schwarz  Method 


-Nuchar - 

Bone  Char  (Fat-Free) 

Crude  Oil 

Extraction 

Extraction 

Filtrol 

Sample 

Wax 

time 

Wax 

time 

Wax 

% 

Hours 

% 

Hours 

% 

1 

0.19 

18 

2.12 

24 

7.55 

2 

0.22 

18 

2.85 

5 

11.45 

3 

0.98 

4 

5.41 

5 

11.03 

4 

0.17 

18 

3.21 

24 

9.27 

dewaxed  in  10  ml.  of  methyl-n-butyl  ketone  at  —4°  F.  (  —  20°  C.) 
by  a  procedure  essentially  the  same  as  that  described  by  Hub¬ 
bard  (5). 

The  results  obtained  are  given  in  Table  V  and  indicate  that 
waxes  can  be  recovered  substantially  unchanged  with  a 
precision  of  ±5  per  cent. 

Schwarz  Method 

Following  the  selection  of  solvents  suitable  for  the  separa¬ 
tion  of  wax  from  oil,  an  examination  was  made  of  the  Schwarz 
(10)  method  to  determine  the  effect  of  the  nature  of  the  ad¬ 
sorbent  on  wax  yield  and  the  effect  of  strong  sulfuric  acid  on 
refined  waxes  at  elevated  temperatures. 

Samples  (10  grams)  of  various  waxy  crudes  were  digested  at 
350°  F.  (177°  C.)  with  96  per  cent  sulfuric  acid  until  free  from 
the  odor  of  sulfur  dioxide.  The  resulting  coke  was  mixed  with 
35  grams  of  fat-free  bone  char,  as  recommended,  or  of  N uchar, 
and  extracted  in  a  Soxhlet  with  400  ml.  of  86°  B4.  naphtha  until 
a  few  drops  of  extract  showed  practically  no  evidence  of  oil  after 
evaporation  on  a  watch  glass.  In  other  cases,  the  coke  was 
placed  on  a  Gooch  filter  4  cm.  in  diameter  containing  10  grams  of 
filtrol  which  had  been  dried  for  16  hours  at  225°  F.  (107°  C.) 
and  washed  with  250  ml.  of  86°  Be.  naphtha.  In  all  cases  the  re¬ 
sulting  oils,  free  of  naphtha,  were  dewaxed  in  20  volumes  of  3  to  1 
ether-alcohol  by  the  Hubbard  procedure. 

It  is  evident  (Table  VI)  that  the  nature  of  the  adsorbent 
has  a  very  marked  effect  on  wax  yield  and  that  excessively 
long  periods  of  extraction  would  be  necessary  to  separate  the 
wax  completely  from  the  adsorbent. 

The  higher  yields  obtained  when  the  coke  was  washed  on 
a  Super-Filtrol  bed  suggests  that  this  procedure  is  preferable. 
Later  experience,  however,  demonstrated  that  much  larger 
quantities  of  naphtha  are  required  for  washing  than  are 
specified  here. 

The  effect  of  strong  acid  on  wax  was  studied  by  digesting 
1.0-gram  samples  of  124°  F.  (51°  C.)  melting  point  paraffin 
wax  and  165°  F.  (74°  C.)  melting  point  petrolatum  in  90 
per  cent  sulfuric  acid  at  400°  F.  (204°  C.).  [This  wax  was 
obtained  by  crystallizing  160°  F.  (71°  C.)  melting  point 
petrolatum  from  4  volumes  of  sec-butyl  acetate  at  30°  F. 
(-1°  C.).]  It  was  found  (Table  VII)  that  the  waxes  were 
readily  attacked  under  conditions  comparable  to  those 
employed  in  the  Schwarz  procedure,  particularly  in  the  case 
of  the  lower  melting  wax.  In  view  of  these  results  it  appears 
that  the  Schwarz  method  is  unreliable  for  determining  wax 
contents  of  oils. 


Adsorbent  Method 

Claims  are  made  in  the  literature  (1,  8,  14-)  that  wax  in 
asphalts  can  be  obtained  by  dewaxing  the  oily  constituents 
remaining  after  treatment  of  the  asphalt  with  adsorbents. 
The  adsorbent  method  has  been  used  in  these  laboratories 
to  determine  the  resin  contents  of  asphalts  and  it  has  been 
found  that  the  quantity  of  adsorbent  required  to  give  oils 
of  a  given  color  varies  considerably  with  the  nature  of  the 
asphalt.  Since  the  quantity  and  character  of  the  adsorbent 
were  also  found  to  have  a  marked  effect  on  wax  yield  by  the 
Schwarz  method,  tests  were  made  to  determine  whether 
straight  waxes  could  be  recovered  after  treatment  with 
activated  clay  in  the  absence  of  asphalt. 

In  order  to  determine  the  minimum  quantity  of  adsorbent  to 
use,  samples  of  Venezuelan  heavy  flux  were  dissolved  in  40  vol¬ 
umes  of  86°  Be.  naphtha,  and  after  separation  of  asphaltenes 
were  treated  with  varying  amounts  of  Super-Filtrol.  About 
8  to  10  grams  of  clay  per  gram  of  asphalt  were  required  to  yield  a 
solution  of  20  Tag-Robinson  color.  Accordingly,  1-gram  samples 
of  124°  F.  (51°  C.)  melting  point  wax  and  160°  F.  (71°  C.)  melt¬ 
ing  point  petrolatum  (equivalent  to  5  per  cent  by  weight  of  a  20- 
gram  asphalt  sample)  were  treated  in  the  absence  of  asphalt  in 
800  ml.  of  86°  B4.  naphtha  with  160  grams  of  Super-Filtrol.  The 
clay-wax  mixtures  were  then  extracted  in  Soxhlet  extractors  for 
varying  periods  of  time  and  the  quantity  and  melting  points  of 
the  waxes  recovered  were  determined.  A  sample  of  Venezuelan 
heavy  flux  was  also  treated  in  a  similar  manner. 


Table  VII.  Effect  of  Strong  Sulfuric  Acid  on  Wax 

Waxes  Treated  with  1  Cc.  of  90%  H2SO1  per 
Gram  of  Wax 

124°  F.  M.  P.  Wax  165°  F.  M.  P.  Petrolatum 

Wax  recovery,  %  41.2  84.9 

M.  P.  of  recovered  wax, 

0  F.  132  163 


In  the  case  of  the  recovery  of  the  waxes  from  the  Super- 
Filtrol  remaining  from  the  treatment  of  their  naphtha  solu¬ 
tions,  the  paraffin  wax  could  be  effectively  recovered  by 
extracting  for  9  hours,  although  a  small  amount  of  the  higher 
melting  waxes  remained  in  the  clay.  On  the  other  hand,  only 
about  55  to  60  per  cent  of  the  high  melting  petrolatum  could 
be  recovered  in  a  similar  time  and  it  was  by  no  means  com¬ 
pletely  separated  after  43  hours’  extraction,  the  higher 
melting  portions  being  the  most  difficult  to  remove.  In  the 
extraction  of  the  Super-Filtrol  after  decolorization  of  the 
naphtha  solution  of  the  asphalt,  it  was  found  that  the  oily 
constituents  were  substantially,  but  not  sharply,  removed 
after  extracting  the  clay  for  6  hours  (Table  VIII).  The  prod¬ 
ucts  obtained  on  longer  periods  of  extraction  were  of  resinous 
nature,  becoming  increasingly  hard  and  dark  in  color.  It  is 
apparent  from  these  results  that  the  extraction  time  of  6  to 
16  hours,  commonly  employed  in  the  adsorbent  method  of 
asphalt  analysis,  would  indicate  lower  melting  and  smaller 
amounts  of  wax  than  are  actually  present.  Sufficient  ex¬ 
traction  to  remove  all  wax  is  impracticable  and  in  addition 
it  is  difficult  to  establish  a  well-defined  end  point. 

Richardson  or  Acid-Treating  Method 

A  method  which  has  been  extensively  used  for  the  deter¬ 
mination  of  wax  in  asphalts  (12)  involves  the  use  of  sulfuric 
acid  to  remove  resins  before  dewaxing.  In  view  of  the  fact 
that  hot  sulfuric  acid  readily  attacks  and  alters  the  properties 
of  waxes,  it  appeared  possible  that  cold  acid  may  also  have 
some  effect.  It  was  found,  however,  that  1-gram  samples 
of  124°  F.  (51°  C.)  melting  point  paraffin  wax  and  160°  F. 
(71°  C.)  melting  point  petrolatum  dissolved  in  500  ml.  of 
86°  B6.  naphtha  are  unaffected  when  repeatedly  treated  with 
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Table  VIII.  Effect  of  Super-Filtrol  (Activated  Clay)  on  the  Recovery  of  Waxes 


124°  F.  M.  P.  Paraffin  Wax  (Alone,  160°  F.  M.  P.  Petrolatum  (Alone,  No 

Venezuelan  Heavy  Flux  No  Asphalt)  Asphalt) 

M.  P.  of  M.  P.  of 


Extraction 

period 

Oily 

constituents 

Extraction 

period 

Recovery 

recovered 

wax 

Extraction 

period 

Recovery 

recovered 

wax 

Hours 

Wt.  % 
of  asphalt 

Hours 

Wt.  % 
of  original 

°  F. 

Hours 

Wt.  % 
of  original 

o 

0-6 

48.20“ 

0 

59.9  6 

119 

0 

26.6  6 

108 

6-16 

0.97 

0-9 

36.2 

132 

0-8 

28.8 

143 

16-30 

1.05 

9-19 

0.6 

8-21 

13.3 

157 

30-35 

0.41 

21-30 

5.8 

161 

Total  yield 

50.63 

96.7 

30-43 

5.6 

80.1 

165 

a  Combined  material  obtained  by  decantation  and  subsequent  extraction  of  clay  for  6  hours. 
6  Material  obtained  from  decanted  solution  prior  to  extraction  of  clay. 


Table  IX.  Determination  of  Dewaxing  Conditions  Suitable  for  Quantitative  Recovery 

of  Waxes  Added  to  Oily  Constituents 


Dewaxing  Solvent 

Wax  mixture,  ml.  of  sol- 

3  to  1 

Ether- 

Alcohol 

vent  per  gram  of  oil 
Dewaxing  temperature, 

10 

10 

o  F 

Added  wax,  melting  point. 

-4 

-20 

°  F. 

124 

124 

Addied  wax,  %  of  oils 

15.5 

14.8 

Recovered  wax,  %  of  oils 
Recovered  wax,  %  of 

41.7 

19.9 

added  wax 

Recovered  wax,  melting 

269.0 

134.5 

point,  °  F. 

a  Wax  recrystallized. 

108 

121 

—Ether — 

- sec- 

Butyl  Acetate - 

10 

10 

10 

10 

20 

10 

20“ 

-4 

-4 

16 

-4 

-4 

-4 

-4 

124 

165 

124 

124 

124 

165 

165 

14.6 

13.7 

13.9 

15.2 

15.2 

15.0 

25.8 

16.8 

13.2 

17.0 

22.2 

16.6 

15.4 

22.6 

115.1 

96.4 

122.3 

146.1 

109.2 

102.7 

87.6 

122 

147 

123 

123 

123 

158 

158 

a  satisfactory  separation  of 
124°  F.  (51  °C.)  melting  point 
wax  from  oil.  This  solvent 
is  not  convenient  to  use  be¬ 
cause  of  its  high  volatility 
which  makes  it  difficult  to 
obtain  complete  solution  of 
oil  and  wax  if  there  is  an 
appreciable  quantity  of  high 
melting  waxes  present,  sec- 
Butyl  acetate  in  the  ratio  of 
20  ml/  of  solvent  per  gram  of 
oil-wax  mixture  appeared  to 
be  a  satisfactory  dewaxing 
medium  at— 4°  F.  (  —  20  °C.). 
The  high  wax  yield  at  a  ratio 
of  10  to  1  indicated  the 
presence  of  oils,  although  this 
was  not  reflected  particularly 
in  the  melting  points  of  the 
products.  It  was  found  in¬ 
advisable  to  dewax  at  tem¬ 
peratures  above  16°  F. 
(  —  8.9  °C.)  as  the  wax  loss  due 
to  solubility  in  the  solvent 
would  be  greater  than  with 
twice  the  solvent  at  the 
lower  temperature. 


98  per  cent  sulfuric  acid  at  room  temperature.  During  the 
test  it  was  observed  that  the  high  melting  petrolatum  was 
not  particularly  soluble  in  86°  B6.  naphtha  and  tended  to 
separate  and  collect  at  the  interface  during  acid  treating. 
Consequently  in  all  subsequent  work,  acid  treating  was  car¬ 
ried  out  at  120°  to  130°  F.  (44°  to  54°  C.)  using  as  asphalt 
solvent  a  70°  A.  P.  I.  naphtha  having  a  boiling  range  of 
140°  to  210°  F.  (60°  to  99°  C.). 

In  preliminary  tests  of  this  method  it  was  found  that  the 
minimum  acid  treatment  required  varied  with  the  nature  and 
source  of  the  asphalt.  To  be  certain  that  the  acid  reaction 
was  complete,  acid  treating  and  separating  the  sludge  were 
continued  until  there  was  no  change  in  the  volume  of  acid 
after  shaking  with  the  solution.  In  washing  the  naphtha 
solution  free  from  acid,  emulsification  difficulties  were  ex¬ 
perienced  which  were  overcome  to  a  considerable  degree  by 
washing  with  a  solution  of  25  grams  of  sodium  sulfate  in  a 
mixture  of  300  ml.  of  alcohol  and  700  ml.  of  water.  The 
resulting  naphtha-free  oils  were  relatively  insoluble  in  methyl- 
n-butyl  ketone,  although  earlier  studies  indicated  that  this 
solvent  was  satisfactory  for  the  separation  of  waxes  from 
cylinder  oils. 

Since  the  particular  sample  of  methyl- 
n-butyl  ketone  employed  did  not  prove 
satisfactory,  a  study  was  made  of  the 
efficiency  of  several  other  solvents  for 
dewaxing  oily  constituents  from  as¬ 
phalts.  Oils  obtained  by  acid-treating 
Venezuelan  heavy  flux  were  first  de¬ 
waxed  by  the  selected  solvent,  then 
weighed  amounts  of  wax  were  added  to 
the  resulting  oils,  and  the  oil-wax  mix¬ 
tures  were  again  dewaxed.  The  high 
yield  and  low  melting  point  of  the 
product  obtained  using  3  to  1  ether- 
alcohol  (Table  IX)  indicated  the  relative 
insolubility  of  heavy  oils  in  this  solvent. 

Ether  employed  in  a  similar  dilution 
(10  ml.  of  solvent  per  gram  of  oil-wax 
mixture)  at  —4°  F.  (—20°  C.)  effected 


In  order  to  test  the  suitability  of  the  acid-treating  method  using 
sec-butyl  acetate  as  the  dewaxing  solvent  for  obtaining  the  wax 
contents  of  asphalts,  wax  determinations  were  made  on  Venezue¬ 
lan  heavy  flux  containing  known  amounts  of  added  waxes. 
Twenty-gram  samples  of  the  asphalt  alone  and  containing  2,  5, 
and  10  per  cent  by  weight  of  124°  F.  (51°  C.)  melting  point  wax 
or  165°  F.  (74°  C.)  melting  point  petrolatum  were  refluxed  with 
200  ml.  of  the  70°  A.  P.  I.  naphtha,  filtered,  and  the  asphaltenes 
washed  with  300  ml.  of  hot  naphtha  (120°  F.)  (49°  C.).  The  solu¬ 
tion  of  petrolenes,  maintained  at  approximately  120°  F.  (49°  C.), 
was  then  acid-treated,  neutralized,  and  freed  from  naphtha, 
yielding  oily  constituents  which  were  dewaxed  in  20  ml.  of  sec- 
butyl  acetate  per  gram  of  oil-wax  mixture,  at  —  4°  F.  (  — 20°  C.). 

The  results  of  preliminary  determinations  which  were  ob¬ 
tained  in  the  development  of  the  procedure,  are  given  in 
Table  X  and  show  that  over  the  range  of  2  to  10  per  cent  of 
added  waxes  both  types  of  waxes  can  be  recovered  (total  wax 
less  the  wax  content  of  the  original  asphalt)  in  substantially 
their  original  form  within  0.5  per  cent  and  usually  within 
0.2  per  cent  on  the  asphalt.  The  wax  originally  present  in 
the  asphalt  did  not  appear  to  influence  the  melting  point  of 
the  added  wax.  In  contrast  with  these  data  are  those  (Table 
X)  obtained  by  the  Hubbard  method  on  similar  materials. 
The  significantly  lower  wax  yield  and  the  very  great  change 


Table  X.  Recovery  by  Acid  Treating,  Aluminum  Chloride  Treating,  and 
Hubbard  (Holde)  Methods  of  Waxes  Added  to  Asphalts 


Added 

Wax 

Recovery3 

Melting 

Wax  Yield 

Melting 

of  Added 

Method 

Asphalt  Used 

point 

Asphalt 

of  Asphalt 

Point 

Wax 

0  F. 

Weight  % 

Weight  % 

°  F. 

Weight  % 

Acid 

Venezuelan  heavy 

0 

2.41 

133 

flux 

124 

2 

4.83 

123 

2. 42 

124 

5 

7.73 

123 

5.32 

124 

10 

12.44 

123 

10.03 

165 

2 

4.27 

160 

1.86 

165 

5 

7.45 

160 

5.04 

165 

10 

12.17 

161 

9.76 

Hubbard 

Venezuelan  heavy 

0 

1.12 

121 

flux 

i24 

5.26 

5.44 

114 

4 '32 

165 

5.26 

5.20 

122 

4.08 

Aluminum 

Colombian, 

0 

3.06 

120 

chloride 

31/40  Penn. 

i<35 

5.26 

8.11 

161 

5.05 

a  Total  wax  yield  less  wax  in  original  asphalt. 
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in  melting  point  when  high  melting  petrolatum  was  present, 
are  further  indications  that  the  waxes  present  in  asphalts 
may  be  greatly  altered  by  the  Hubbard  (Holde)  method. 
When  the  specified  1  to  1  ether-alcohol  mixture  is  replaced 
by  sec-butyl  acetate  as  the  dewaxing  solvent  in  the  Hubbard 
procedure,  the  wax  yield  is  even  lower  (Table  XI).  There 
is  little  doubt,  therefore,  that  the  Holde  procedure  will  not 
give  reliable  indications  of  either  the  quantity  or  melting 
points  of  waxes  in  asphalts. 

Since  the  acid-treating  method  appeared  to  be  without 
deleterious  effect  on  waxes,  it  was  employed  for  the  deter¬ 
mination  of  waxes  in  asphalts  from  numerous  crudes.  In 
the  course  of  the  work  difficulty  was  experienced  with  emul¬ 
sions  and  frequently  the  wax  product  obtained  was  very 
dark  in  color  and  sometimes  did  not  have  a  satisfactorily 
distinct  melting  point.  Consequently,  experiments  were 
carried  out  to  determine  whether  treatment  of  petrolenes 
with  aluminum  chloride  instead  of  sulfuric  acid  would  reduce 
these  difficulties.  Preliminary  tests  indicated  that  emul¬ 
sification  was  reduced,  waxes  were  unaffected  by  this  re¬ 
agent  at  the  temperature  of  treatment,  and  wax  added  to 


Table  XI.  Effect  of  Dewaxing  Solvent  on  Wax  Contents 
by  the  Hubbard  (Holde)  Method 

Wax  added  to  asphalt 
Dewaxing  solvent 


Wax  yield,  weight  % 
Melting  point,  °  F. 


None 

1:1  ether  sec-butyl 
alcohol  acetate 

0.74  0.61 

122 


5.26%  of  124°  F.  M.  P. 
1:1  ether-  sec-butyl 
alcohol  acetate 
4.43  3.05 

115  117 


asphalts  could  be  recovered  equally  well,  as  illustrated  by 
the  Colombian  31/40  penetration  asphalt  in  Table  X. 

Wax  Contents  of  Asphalts  by  Acid  and  Aluminum 
Chloride  Treating  Methods 

Procedure.  A  20-gram  sample  of  asphalt,  weighed  to  the 
second  decimal  place,  is  spread  over  the  walls  of  a  500-ml.  balloon 
flask,  heat  being  applied  if  necessary.  The  asphalt  is  gently 
refluxed  with  200  ml.  of  70°  A.  P.  I.  naphtha  until  all  tarry  ma¬ 
terial  has  disappeared,  then  cooled  slightly  and  mixed  carefully 
with  5  grams  of  Filter-Cel  (diatomaceous  earth).  The  hot  mix¬ 
ture  is  filtered  with  the  aid  of  suction  through  a  percolating  tube 
5  cm.  (2  inches)  in  diameter  and  35  cm.  (14  inches)  in  length  and 
containing  a  cotton  plug  covered  with  a  1.25-cm.  (0.5-inch) 
layer  of  Filter-Cel.  The  flask  and  residue  on  the  filter  are  washed 
with  portions  of  hot  naphtha  (about  120°  F., 
equivalent  to  48°  C.),  totaling  200  ml. 

The  solution  of  petrolenes  in  naphtha  is 
transferred  to  a  1000-ml.  separatory  funnel,  hot 
naphtha  being  used  to  rinse  the  suction  flask, 
and  the  separatory  is  placed  in  a  steam-heated 
oven  maintained  at  125-130°  F.  (51-54°  C.). 
When  temperature  equilibrium  is  reached,  the 
solution  is  treated  with  10  or  20  ml.  of  98  per 
cent  sulfuric  acid,  and  the  sludge  is  allowed  to 
settle  out.  After  the  sludge  has  been  withdrawn, 
the  acid  treatment  is  repeated  until  the  volume 
of  recovered  acid  is  unchanged  after  treatment. 
The  solution  is  then  neutralized  with  5°  Be. 
caustic  soda  and  washed  neutral  to  litmus,  using 
a  solution  containing  25  grams  of  sodium  sulfate 
in  a  mixture  of  300  ml.  of  alcohol  and  700  ml.  of 
water,  the  temperature  being  kept  at  120°  to 
130°  F.  (49°  to  54°  C.). 

When  anhydrous  aluminum  chloride  is  used, 
the  solution  of  petrolenes  obtained  as  above  is 
transferred  to  a  1000-ml.  balloon  flask  and  re¬ 
fluxed  for  0.5  hour  with  10  grams  of  the  solid 
reagent.  The  mixture  is  then  allowed  to  stand 
for  15  to  30  minutes  at  120°  F.  (51°  C.),  when 
the  supernatant  solution  is  decanted  to  another 
flask,  and  the  hot  naphtha  used  to  rinse  the 
sludge  is  added  thereto.  The  aluminum  chloride 
treatment  is  repeated  until  there  is  only  a  slight 
formation  of  a  red-colored  sludge.  Finally  the 
solution  is  washed  in  a  1000-ml.  separatory  at 
120°  F.  (49°  C.)  with  50  per  cent  alcohol  until 
the  wash  is  neutral 

The  neutral  solution  from  either  the  acid  or 
aluminum  chloride  treatment  is  dried  in  a  1-  or 
2-liter  balloon  flask  by  refluxing  in  a  Dean  and 
Stark  apparatus  until  there  is  no  further  increase 
in  the  volume  of  water  in  the  collecting  tube, 
and  then  concentrated  to  50  ml.  by  distillation. 
The  concentrate  together  with  small  portions  of 
hot  naphtha  used  to  rinse  the  flask  is  transferred 
to  a  tared  250-ml.  beaker.  The  remaining 
naphtha  is  removed  by  careful  evaporation  on 
the  steam  bath  and  the  resulting  oily  constitu¬ 
ents  are  heated  in  an  oven  at  230°  F.  (110°  C.) 
for  0.5  hour,  then  cooled  and  weighed  to  the 
second  decimal  place. 

Dewaxing.  The  dewaxing  equipment  used 
is  similar  to  that  employed  by  Hubbard,  except 
that  the  funnel  is  made  of  brass  rather  than 
glass.  This  brass  funnel,  illustrated  in  Figure  3, 
is  of  the  Buchner  type,  and  is  fitted  with  a  long 
barrel,  d,  threaded  at  one  end,  by  means  of  which 
it  can  be  attached  to  the  funnel  cone,  a,  in  such 
a  manner  as  to  fit  tightly  against  the  perforated 
filter  plate,  b.  To  prepare  the  funnel  the  lower 
end  of  the  filter  tube  is  stoppered  and  sufficient 
dewaxing  solvent  added  to  fill  the  tube  until  the 
perforated  filter  plate  placed  in  position  e  is  just 
covered.  A  piece  of  snugly  fitting  No.  10  duck 
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Table  XII. 


Asphalt 


Kern  River,  127°  F.  S.  P. 
Mexican,  31/40  Penn. 
Venezuelan,  180/200  Penn. 
Colombian,  31/40  Penn. 
Talco,  41/50  Penn. 
Mid-continent,  binder  C 
Sumatra  residuum  (high 
softening  point) 

Sumatra  residuum  (low 
softening  point) 


filter  cloth,  c,  is  then  placed  on 
the  plate  and  the  funnel  barrel 
is  inserted  and  screwed  down 
tightly,  thus  firmly  clamping 
the  filter  cloth  in  position.  A 
0.6-cm.  (0.25-inch)  layer  of 
Filter-Cel  is  placed  on  the 
cloth  and  moistened  with  10 
ml.  of  sec-butyl  acetate,  and 
the  assembled  tube  is  placed  in 
a  bell-shaped  funnel  which 
serves  as  a  cooling  bath. 

A  3  ±  0.01-gram  sample  of 
the  oily  constituents  is  dis¬ 
solved  in  25  ml.  of  sec-butyl 
acetate  in  a  50-ml.  beaker,  and 
warmed  on  a  hot  plate  suffi¬ 
ciently  to  obtain  a  clear  solu¬ 
tion.  The  resulting  solution  is 
transferred  to  the  prepared 

filter  tube,  using  25  ml.  of  warm  sec-butyl  acetate  to  rinse  the 
beaker.  After  the  contents  of  the  tube  have  been  gently  stirred, 
the  tube  is  stoppered  with  a  cork  through  which  passes  a  ther¬ 
mometer  adjusted  so  that  its  bulb  is  immersed  in  the  solution. 
Alcohol  is  now  added  to  the  bell-shaped  funnel  until  it  is  within  an 
inch  of  the  funnel  top,  and  three  or  four  stoppered  test  tubes,  each 
containing  20  ml.  of  sec-butyl  acetate,  are  immersed  therein.  The 
bath  is  chilled  by  the  addition  of  dry  ice  and,  during  chilling,  the 
contents  of  the  tube  are  stirred  occasionally  until  a  temperature 
of  —4°  F.  (  —  20°  C.)  is  reached,  which  is  maintained  constant  for 
15  minutes.  The  cork  is  removed  from  the  bottom  of  the  filter 
tube,  filtration  is  then  carried  out  with  the  aid  of  suction,  and  the 
wax  cake  is  stirred  vigorously  with  a  portion  of  prechilled  solvent 
and  again  filtered. 

Washing  is  repeated  until  the  issuing  liquid  is  colorless,  then  the 
cold  alcohol  is  removed  from  the  bath,  and  the  apparatus  allowed 
to  come  to  room  temperature.  The  filter  assembly  is  removed, 
dried  with  a  towel,  and  attached  to  a  250-ml.  suction  flask.  Hot 
70°  A.  P.  I.  naphtha  is  added  to  the  tube,  stirred  vigorously,  and 
withdrawn  with  suction.  Then  naphtha  (20  ml.)  is  added  to  the 
tube  and,  after  the  side  arm  of  the  suction  flask  has  been  stop¬ 
pered,  the  combination  is  placed  on  a  hot  plate  and  refluxed  until 
condensate  appears  at  the  funnel  top.  After  cooling  slightly, 
filtration  is  carried  out  with  suction  and  the  tube  rinsed  with 
70°  A.  P.  I.  naphtha.  The  filtrate  thus  obtained  is  evaporated  in 
a  tared  crystallizing  dish  on  a  steam  bath  and  the  resulting  wax  is 
heated  at  230°  F.  (110°  C.)  to  constant  weight,  ±0.001  gram. 

Wax  melting  points  are  obtained  by  the  rotating  thermometer 
method.  A  small  quantity  of  wax  is  placed  on  the  bulb  of  a  ther¬ 
mometer  and  warmed  until  the  wax  is  in  a  molten  condition,  the 
thermometer  is  inserted  in  a  test  tube  to  protect  it  from  air  cur¬ 
rents,  then  gently  rotated,  and  the  temperature  at  which  solidi¬ 
fication  occurs  is  recorded  as  the  melting  point. 


Comparison  of  Wax  Contents  of  Various  Asphalts  by  Aluminum  Chloride 
and  Acid-Treating  Procedures 


Aluminum  Chloride  Method 


Acid  Method 


Yield 

Melting 

point 

Yield 

Melting 

point 

Yield 

Melting 

point 

Yield 

Melting 

point 

Weight 

% 

o  Jr. 

Weight 

% 

0  F. 

Weight 

% 

°  F. 

Weight 

% 

°  F. 

0.88 

139 

0.82 

139 

1.15 

140 

1.01 

142 

0.95 

138 

0.80 

141 

1.79 

134 

1.82 

135 

1.00 

137 

1.04 

142 

1.96 

126 

1.95 

127 

3.03 

126 

3.08 

126 

5.63 

122 

5.33 

122 

3.39 

163 

3.03 

162 

6.34 

153 

6.54 

154 

5.12 

148 

4.82 

149 

6.34 

136 

6.71 

142 

4.44 

148 

5.57 

'  149 

5.53 

147 

11.47 

161 

11.10 

165 

12.70 

161 

13.52 

161 

yields  of  wax,  sometimes  nearly  twice  as  great,  and  the  melt¬ 
ing  points  were  nearly  always  lower  than  those  obtained  by 
the  aluminum  chloride  method.  Preliminary  work  on  acid 
treating  indicated  that  strong  sulfuric  acid  was  prone  to  re¬ 
act  with  wax  and  resins,  giving  sulfonated  products  which 
caused  high  wax  yields  and  the  production  of  very  dark 
colored  materials  that  did  not  possess  sharp  melting  points. 
It  was  also  found  difficult  to  obtain  what  appeared  to  be 
resin-free  oils  from  some  asphalts  by  treating  with  96  per  cent 
sulfuric  acid.  On  treating  with  aluminum  chloride  no 
particular  difficulty  was  experienced  with  any  of  the  asphalts 
examined.  For  these  reasons  the  aluminum  chloride  method 
has  been  chosen  for  the  wax  determinations  in  these  labora¬ 
tories.  Both  methods  indicate  that  asphalts  contain  larger 
amounts  of  waxes  having  higher  melting  points  than  can  be 
obtained  by  the  Holde  procedure. 

Since  completing  this  work  two  new  methods  have  been 
proposed  for  the  determination  of  wax  in  asphalt.  One 
method  (#)  uses  isobutyl  alcohol  at  130°  F.  (54°  C.)  to 
separate  resins  from  oil  and  wax.  This  may  be  satisfactory 
when  the  waxes  present  are  low  melting,  but  if  they  have  a 
melting  point  approaching  160°  F.  (71°  C.)  it  is  improbable 
that  they  would  remain  in  solution  at  the  temperature  speci¬ 
fied;  consequently  the  method  would  not  appear  to  be  gen¬ 
erally  applicable.  The  second  proposed  method  (6),  using 
propane  for  deasphalting  and  deresining  and  hexone  for  de¬ 
waxing  the  resulting  oil-wax  mixtures,  appears  to  be  sound. 


Discussion  and  Results.  The  relatively  large  asphalt 
sample  (20  grams)  is  recommended  to  ensure  sufficient  oil- 
wax  mixture  for  the  dewaxing  step.  Some  high  melting 
asphalts  may  contain  as  little  as  10  per  cent  of  oily  con¬ 
stituents.  Maintenance  of  an  elevated  temperature  during 
treating  and  filtering  to  obtain  resin-free  oils  is  probably  not 
necessary  in  most  cases,  but  it  was  found  essential  when  an¬ 
alyzing  asphalts  containing  appreciable  quantities  of  high 
melting  waxes — e.  g.,  wax  determinations  on  a  Sumatran  as¬ 
phalt  carried  out  at  room  temperature  resulted  in  widely 
deviating  results  and  indicated  that  the  waxes  of  higher  melt¬ 
ing  point  were  lost.  These  losses  were  avoided  by  conducting 
the  test  at  elevated  temperatures.  For  the  same  reasons  it 
was  found  necessary  to  reflux  with  the  naphtha  in  the  filter 
assembly  when  dissolving  the  wax  cake  from  the  filter  after 
dewaxing.  The  brass  filter  tube  was  employed  because  it  is 
durable,  it  is  a  good  conductor  of  heat,  and  its  design  permits 
the  wax  cake  to  be  broken  up  and  mixed  with  the  solvent,  thus 
ensuring  complete  washing  without  in  any  way  diminishing 
the  efficiency  of  the  filter  bed. 

The  results  obtained  in  duplicate  on  a  variety  of  asphalts 
by  the  sulfuric  acid  and  aluminum  chloride  treating  methods 
are  shown  in  Table  XII.  It  is  apparent  that  either  method 
would  yield  reproducible  results  and  would  serve  to  classify 
asphalts  with  respect  to  both  quantity  and  melting  point  of 
waxes  present.  The  acid  method,  however,  gave  higher 


The  limited  amount  of  data  cited  does  not  indicate  whether 
the  method  is  generally  applicable  to  various  types  and  grades 
of  asphalts,  but  the  results  are  in  harmony  with  those  obtained 
by  the  acid  or  aluminum  chloride  methods  herein  described  in 
showing  that  waxes  in  asphalts  are  higher  melting  and  are 
present  in  greater  quantity  than  indicated  by  the  Holde  method. 
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Viscosity  of  Solutions  in  Branched-Chain 

Paraffins 

E.  H.  McARDLE  AND  A.  E.  ROBERTSON 

Esso  Laboratories,  Research  Division,  Standard  Oil  Development  Co.,  Elizabeth,  N.  J. 


Solutions  of  an  alkyd-lype  resin,  and  of  a 
natural  and  two  substitute  rubbers,  at  bigh 
concentrations  in  two  pentanes,  four  hex¬ 
anes,  five  heptanes,  and  two  octanes  show 
much  higher  absolute  and  relative  viscosi¬ 
ties  in  the  branched  paraffins  than  in  the 
corresponding  normal  paraffins.  An  arbi¬ 
trary  method  of  predicting  the  viscosity  of 
the  resin  solutions  in  branched  paraffins 
has  been  devised.  Large  differences  be¬ 
tween  solution  viscosities  suggest  a  rough 
method  of  hydrocarbon  analysis. 


A  PREVIOUS  paper  (S)  showed  that  solutions  of  certain 
resins  and  linear  polymers  in  isoparaffinic  hydrocarbon 
solvents  exhibited  much  higher  absolute  and  relative  viscosi¬ 
ties  than  solutions  in  corresponding  normal  paraffins.  Com¬ 
parisons  were  limited  to  alkyd-type  resins  and  polybutenes, 
dissolved  in  n-hexane,  neohexane,  n-heptane,  and  triptane. 
Measurements  have  now  been  extended  to  include  two  pen¬ 
tanes,  four  hexanes,  five  heptanes,  two  octanes,  and  normal 
nonane  and  decane.  Physical  properties  of  these  hydrocar¬ 
bons  are  shown  in  Table  I.  Solutes  include  milled  samples 
of  natural  and  substitute  rubbers,  and  a  nonphthalic  alkyd 
resin.  Most  of  the  measurements  were  made  with  the  resin 
solute. 

Viscosity  Measurement 

The  technique  used  previously  was  employed  in  making  solu¬ 
tions.  In  the  case  of  the  resin,  it  involved  weighing  8  grams  of 
the  slowly  flowing  material  into  a  0.03-liter  (1-ounce)  wide-mouth 
bottle  on  a  Torsion  pharmaceutical  balance  to  an  accuracy  of  2 
mg.,  carefully  pipetting  10  ml.  of  solvent,  closing  the  bottle  with  a 
selected  oversize  cork,  slowly  forcing  the  cork  well  into  the  neck, 
tumbling  the  bottle  overnight  at  15  r.  p.  m.  at  25°  C.,  and  back- 


taring  after  solution.  Transfer  was  made  as  rapidly  as  possible — 
i.  e.,  in  about  5  seconds — to  a  precision-grade  Gardner-Holdt 
viscosity  tube,  which  was  quickly  closed  with  an  oversize  cork. 
Repeated  comparisons  with  standard  tubes  were  made  at  25°  ± 
0.2°  C. 


Table  II.  Absolute  Viscosities  at  25°  C. 

(Beckosol  No.  19  solids,  8.0  grams  in  10.0  ml.  of  hydrocarbon) 


Gardner-Holdt 

Centipoises 

n-Pentane 

C 

85 

Isopentane 

E  +  Vs 

128 

n-Hexane 

E  -  Vs,  E  -  Vs 

120, 120 

2-Methylpentane 

F  -  Vs,  F  -  Vs 

135, 136 

2,3-Dimethylbutane 

G,  G 

165, 165 

Neohexane 

J,  J 

250,250 

n-Heptane 

F  +  Vs,  F  +  Vs 

145,  145 

2,2-Dimethylpentane 

J  -  Vs 

240 

2, 3-Dimethylpentane 

G+  Vs 

172 

2,4-Dimethylpentane 

H 

200 

Triptane 

L/M 

310 

n-Octane 

H  -  Vs 

193 

Isooctane 

L  -  V 4,  L  -  Vs 

294,  295 

n-Nonane 

J  -  Vs 

240 

n-Decane 

L  +  V  8 

302 

To  obtain  reproducible  results,  the  resin  should  not  change  its 
viscosity  rapidly  in  storage.  The  resin  selected,  Beckosol  No.  19 
solids,  is  of  the  drying  type,  of  27-gallon  oil  length.  It  contains 
no  drier,  however,  and  its  behavior  at  room  temperature  in  bulk 
is  such  that  no  skin  has  formed  in  the  can  after  more  than  a  year. 
That  its  viscosity  changes  extremely  slowly  upon  standing  is 
shown  by  the  fact  that  check  solutions  in  the  four  hexanes  made 
10  days  apart,  and  in  n-heptane  made  3  weeks  apart,  gave  identi¬ 
cal  viscosities.  Indeed,  its  solutions  made  a  year  ago  in  identical 
samples  of  neohexane,  n-heptane,  and  triptane  had  viscosities 
within  2  per  cent  of  the  values  in  Table  II  (3).  Further,  its 
solution  viscosities  at  the  concentration  selected  for  the  present 
series  of  hydrocarbons  are  covered  by  the  standard  tubes  of  the 
Gardner-Holdt  “varnish  series”. 


Table 
of  high 


Table  I.  Physical  Properties  of  Hydrocarbons  Used0 


Esti- 


Hydrocarbon 


n-Pentane 

Isopentane 

n-Hexane 

2-Methylpentane 

2,3-Dimethylbutane 

Neohexane  c 

n-Heptane 

2 .2- Dimethylpentane 

2 . 3- Dimethylpentane 

2.4- Dimethylpentane 
Triptane  d 
n-Octane 
Isooctane  e 

n- Nonane 
n-Decane 

Methylcyclohexane 

Ethylcyclopentane 


Boiling  Point 
°  C. 

36.0  (36.08) 
28.0  (27.95) 

68.6  (68.74) 
60.2 (60.27) 
58.0  (58.00) 

49.7  (49.73) 
98.6  (98.42) 
79.1  (79.21) 

89.8  (89.8) 
80.5  (80.70) 

80.8  (80.88) 
125.6  (125.63) 

99.4  (99.23) 
150.85  (150.74) 
174.2  (174.04) 
100.9 
103.4 


„20b 
n  d 

Cottrell 

mated 

Spread 
°  C. 

Purity 

% 

1.3580  (1.3577) 

None 

99  + 

1.3541  (1.3539) 

None 

99  + 

1.3751  (1.3750) 

None 

99  + 

1.3715  (1.3716) 

None 

99  + 

1.3749  (1.3750) 

None 

99  + 

1.3689  (1.3689) 

None 

99  + 

1.3876  (1.3876) 

None 

99  + 

1.3822  (1.3824) 

None 

99  + 

1.3920  (1.3920) 

None 

99  + 

1.3820  (1.3820) 

None 

99  + 

1.3894  (1.3895) 

None 

99  + 

1.3980  (1.3976) 

None 

99  + 

1.3918  (1.3916) 

None 

99  + 
“90  +  ” 
“90  +  ” 

1.4070  (1.4056) 

0.05 

1.4146  (1.4120) 

0.1 

1.4253 

0.2 

97 

1.4197 

None 

99.5 

<•  Values  in  parentheses  assembled  by  Francis  (1), 
b  Determined  in  Pulfrich  refractometer. 
c  2,2-Dimethylbutane. 
d  2,2,3-Trimethylbutane. 

'  2,2,4-Trimethylpentane. 


Ill  lists  absolute  and  relative  viscosities  of  solutions 
polymers  in  pairs  of  hexanes  and  heptanes.  Good 
agreement  between  relative  viscosities  of  the 
milled  crepe  in  the  two  normal  paraffins  is  notable 
together  with  the  fact  that  in  each  case  the 
branched-paraffin  solution  has  a  higher  relative 
viscosity  than  the  n-paraffin  solution. 


Estimation  of  Viscosity 

Within  the  present  series  of  resin  solutions,  it  is 
possible  to  estimate  viscosity  by  an  arbitrary 
method,  based  on  structural  formulas  written  in 
the  plane  of  the  paper.  A  somewhat  similar 
method  of  correlating  physical  properties  of  paraffin 
hydrocarbons  has  recently  been  employed  with 
interesting  results  ( 2 ). 

A  plot  of  log  solution  viscosity  against  solvent 
boiling  point  is  linear  in  the  case  of  the  normal 
paraffins  (Figure  1).  Average  deviation  is  ±3 
per  cent.  Thus  the  viscosity  of  an  n-butane  solu¬ 
tion  of  this  resin  would  doubtless  be  very  close  to 
63  centipoises  at  25°  C. 
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If  it  is  now  assumed  that  viscosities  of  branched-chain  par¬ 
affin  solutions  are  related  similarly  to  boiling  point,  for  the 
same  degree  of  branching,  an  increment  can  be  computed  for 
the  effect  of  branching.  For  example,  isopentane  can  be  con¬ 
sidered  as  the  result  of  adding  a  methyl  branch  to  butane. 
The  resulting  hydrocarbon  boils  28.5°  C.  above  butane,  and 
shows  a  resin  solution  viscosity  of  128  centipoises.  It  follows, 
then,  that  if  this  branched  compound  boiled  at  the  boiling 
point  of  its  parent  chain— viz.,  28.5°  lower — it  would  show  a 
solution  viscosity  of  100  centipoises.  The  estimate  is  made 
graphically  from  Figure  1,  as  follows:  Starting  point  on  the 
curve  is  a  measured  viscosity  value  (128  centipoises).  The 
curve  is  followed  downward  for  a  difference  in  boiling  points 
between  the  parent  chain  and  its  branched  homolog  (28.5°), 
and  the  “corrected”  viscosity  read.  Thus,  according  to  the 
arbitrary  assumption,  the  effect  of  the  degree  of  branching 
which  makes  isopentane  out  of  butane  is  to  increase  solution 
viscosity  by  37  centipoises  (Table  IV). 

Placement  of  a  second  branch  at  the  adjoining  chain  carbon, 
as  in  2,3-dimethylbutane,  does  not  increase  corrected  viscosity. 
Apparently,  once  the  additional  resistance  to  flow  encountered 
by  adding  one  branch  has  been  overcome,  no  further  resist¬ 
ance  is  met  on  adding  a  second  branch  to  the 
adjoining  chain  carbon.  This  effect  is  estimated 
by  following  the  curve  downward  from  its  165- 
centipoise  point  for  58.5°,  to  read  the  corrected 
viscosity  of  98  centipoises,  2  less  than  that  of 
isopentane. 

When  the  two  branches  are  separated  by  one 
carbon  atom,  as  in  2,4-dimethylpentane,  each 
contributes  two  thirds  the  effect  it  would  if 
alone  on  the  butane  chain.  Combined  effect, 
of  49  centipoises,  is  found  by  following  the  curve 
downward  from  200  centipoises  for  44.5°  (the 
difference  between  the  boiling  points  of  2,4- 
dimethylpentane  and  n-pentane)  to  read  the 
corrected  viscosity  of  134  centipoises. 

The  corrected  viscosity  of  the  neohexane 
solution  is  similarly  found  to  be  159  centipoises, 
and  the  branching  effect  of  two  methyls  on  the 
2-carbon  of  butane  to  be  96  centipoises. 

Measured  viscosities  of  the  other  branched 
paraffin  solutions  should  now  be  predictable. 

Table  V  compares  measured  and  estimated 
values. 


Table  III.  Viscosities  at  25°  C. 

Milled  Crepe  Milled  Butyl  Milled  Buna  S 

3.0  Grams  in  18  Cc.  3.0  Grams  in  15  Cc.  3.0  Grams  in  21  Cc. 


Absolute 

Poises 

Relative 

Absolute 

Poises 

Relative 

Absolute 

Poises 

Relative 

n-Hexane 

20.1 

6,700 

19.3 

6,430 

15.3 

5,100 

Neohexane 

35.2 

10,350 

46.3 

13,600 

_  a 

n-Heptane 

26.1 

6,700 

28.8 

7,390 

20.1 

5,140 

Triptane 

44.6 

8,260 

63.4 

11,750 

33.9 

6,280 

a  No  solution  when  tumbled  at  15  r.  p.  m.  at  25°  C. 


Triptane  may  be  considered  the  result  of  adding  a  branch  to 
neohexane,  at  the  3-carbon  of  the  butane  chain.  In  the  case 
of  2,3-dimethylbutane,  addition  of  a  second  branch  at  the  3- 
carbon  caused  a  decrease  of  2  centipoises  from  the  corrected 
viscosity  of  isopentane.  Thus,  since  two  branches  at  the  2- 
carbon  of  butane  add  96  centipoises,  or  2.5  times  37  centi¬ 
poises,  it  is  reasonable  to  expect  that  the  3-carbon  branch  of 
triptane  will  cause  a  decrease  of  2.5  X  2  centipoises  from  the 
corrected  viscosity  of  neohexane,  yielding  a  value  of  154 
centipoises  for  the  corrected  viscosity  of  triptane. 

Increasing  Chain  Length 

Assuming  that  the  contour  length  of  pentane  is  in  the  neigh¬ 
borhood  of  four  thirds  the  contour  length  of  butane,  the  place¬ 
ment  of  a  methyl  branch  at  the  2-carbon  of  pentane  should 
produce  roughly  three  fourths  the  effect  it  does  in  the  case  of 
butane.  On  this  basis,  prediction  of  the  2-methylpentane 
solution  viscosity  is  only  4.1  per  cent  high,  as  shown  in  Table 
V;  2,3-dimethylpentane  is  4.6  per  cent  high;  and  2,2-di- 
methylpentane  3.8  per  cent  low.  It  is  interesting  to  note  that 
the  absolute  solution  viscosity  of  2,2-dimethylpentane  is 
lower  than  that  of  neohexane,  although  the  latter  boils  30°  C. 
lower. 

In  Table  IV  it  is  seen  that  the  corrected  viscosity  contri¬ 
bution  of  each  branch  in  2,4-dimethylpentane  is  equal  to 
two  thirds  of  its  value  when  taken  alone  as  the  only  branch 
on  the  butane  chain.  The  combined  branching  effect  in  iso¬ 
octane  may  thus  be  expected  to  amount  to  two  thirds  of  96 
(the  2,2-carbon  branches)  plus  37  (the  4-carbon  branch),  or 
88  centipoises. 

Over-all  precision  involved  in  making  the  solutions,  trans¬ 
ferring  to  viscosity  tubes,  and  measuring  viscosities,  is  seen 
from  Figure  1  to  be  about  3  per  cent,  compared  with  an  aver- 


Table  IV.  “Corrected”  Viscosities  and  Effect  of  Branching 


Measured 

Solvent 

Net 

Solution 

Boiling 

Temperature 

Corrected 

Brandling 

Solvent 

Viscosity 

Point 

Correction 

Viscosity 

Effect 

Cp. 

°  C. 

°  c. 

Cp. 

Cp. 

C 

c— c— c 

/ 

c 

128 

28.0 

28.5 

100 

37 

c  c 

c—c 

165 

58.0 

58.5 

98 

35 

c 

c— c— c— c 

1 

c 

250 

49.7 

50.2 

159 

96 

c  c 

o 

1 

o 

1 

200 

80.5 

44.5 

134 

49 

^  37  +  37 

486 
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Table  V.  Estimated  Viscosities 


Solution 


Solvent 

Net 

Branching 

Effect 

Corrected 

Viscosity® 

Solvent 

Boiling 

Point 

Temperature 

Correction 

Viscosity^ 
Esti¬ 
mated  Actual 

O 

1 

o — o — o 

/°\ 

o  o 

Cp. 

Cp. 

°  c. 

0  c. 

Centipoises 

96-5 

154 

80.9 

81.4 

316  310 

c 

Xc— c— c— c 
/ 
c 

*/«  X  37 

113 

60.3 

24.3 

141  135,  136 

c  c 

w 

c/  Xc— c 

>/t  X  35 

111 

89.8 

53.8 

180  172 

c 

c— c— c— c— c 

»/«  X  96 

157 

79.2 

43.2 

231  240 

c 

c 

c 

1  / 

96  +  37 

173 

99.2 

63.2 

300  294, 295 

XC 

1.5 

C 


°  Corrected,  to  boiling  point  of  parent  straight  chain,  which  is  butane  for  triptane,  pentane 
for  other  heptanes,  etc. 

b  Average  deviation  between  actual  and  estimated,  3.3%. 


tubes,  and  the  same  standard  tubes  are  used 
for  several  comparisons.)  Further,  it  is  seen 
from  Figure  2  that  when  naphthenes  are  pres¬ 
ent  the  log  solution  viscosity-solvent  compo¬ 
sition  curve  is  not  linear,  as  in  the  case  of 
mixed  paraffins  (Table  VI).  Moreover,  the 
curve  must  be  smoothed  to  begin  at  152  centi- 
poises,  an  ideal  viscosity  for  the  50/50  methyl- 
cyclohexane-n-heptane  blend,  rather  than  at 
the  actual  140-centipoise  point.  Thus  when 
less  than  about  50  per  cent  of  isooctane  is 
present,  the  expected  error  is  relatively  large. 

A  test  sample  containing  28.55  per  cent 
n-heptane,  28.55  per  cent  isooctane,  and  42.9 
per  cent  methylcyclohexane  showed  a  solution 
viscosity  of  172  centipoises  and  a  refractive 
index  of  1.4055.  Taking  1.3900  as  the  re¬ 
fractive  index  of  the  paraffins  present,  the 
methylcyclohexane  content  would  be  estimated 
at  44  per  cent.  Then,  from  Figure  2,  the 
isooctane  content  is  read  as  33  per  cent.  (If 
the  isooctane  content  could  be  determined 
accurately,  its  contribution  to  refractive  index 
could  be  subtracted  from  1.4055,  and  the 
remainder  partitioned  algebraically  between 
n-heptane  and  methylcyclohexane.  Mean¬ 
while,  the  round  figure  1.3900  is  taken  as  an 
average.) 

It  is  hoped  that  further  work  will  disclose 
a  stable  resin,  or  other  polymer,  which  ex¬ 
hibits  a  minimum  differential  in  the  viscosity 
of  its  solutions  between  normal  paraffins  and 
naphthenes  of  the  commonly  encountered 


age  deviation  of  3.3  per  cent  between  measured  and  estimated 
values.  Following  customary  practice  in  correlating  prop¬ 
erties  of  hydrocarbons,  the  method  was  fitted  to  existing  data 
on  available  hydrocarbons.  The  present  data  do  not  provide 
for  estimates  in  such  structures  as  3-methylpentane,  3-ethyl- 
pentane,  3-methylhexane,  3,3-dimethylpentane,  or  2,3,4- 
trimethylpentane.  These  paraffins,  however,  are  less  likely 
to  be  present  as  major  components  of  postwar  commercial 
solvent  naphthas  than  some  of  the  products  studied. 

Trial  Analytical  Method 

At  the  present  writing,  there  exists  no  wholly  satisfactory 
means  of  determining  the  relative  proportions  of  normal  par¬ 
affins,  branched  paraffins,  and  naphthenes  in  close-cut  naph¬ 
tha  fractions.  The  large  spreads  in  resin  solution  viscosity 
between  normal  and  highly  branched  paraffins  offer  a  basis 
for  such  a  method.  As  shown  in  Table  II,  isooctane  has  a 
103  per  cent  higher  solution  viscosity  than  n-heptane,  whereas 
its  density  is  only  1.5  per  cent  higher,  and  its  refractive  index 
only  1  per  cent  higher  than  the  corresponding  values  for  n- 
heptane.  Indeed,  refractive  index  is  customarily  used  to  es¬ 
timate  naphthenic  content,  since  within  a  narrow  boiling 
range  the  spread  between  paraffins  averages  less  than  one 
fifth  that  between  paraffins  and  the  naphthene  average  {1,4). 

A  number  of  potential  errors  preclude  basing  an  accurate 
analytical  procedure  upon  solution  viscosities  obtained  in  the 
present  series,  although  it  is  possible  to  make  a  rapid  semi- 
quantitative  estimate  of  hydrocarbons  present.  Beckosol 
No.  19  solids  does  not  behave  ideally  (Table  VI).  It  con¬ 
tains  a  terpene  derivative,  which  may  explain  its  high  viscosity 
in  methylcyclohexane  as  compared  with  its  solutions  in  ethyl- 
cyclopentane,  n-heptane,  or  the  50/50  mixture  with  n-hep- 
tane.  (Solution  viscosity  measurements  when  the  solvents 
boil  around  100°  C.  show  a  precision  of  2  per  cent  or  less,  since 
very  little  evaporation  occurs  during  transfer  to  viscosity 


CURVE  FOR  ANALYTICAL  METHOD 


Table  VI.  Solution  Viscosities  and  Refractive  Indices 


Solvent 

Solution 

Viscosity 

20 
n  p 

n-Heptane 

Cp. 

145, 145 

1.3876 

Methylcylohexane 

160,  155 

1.4253 

Ethylcyclopentane 

130, 128 

1.4197 

Isooetane 

294,  295 

1.3918 

50/50  methylcyclohexane/ n-heptanea 

140, 140 

1.4067 

75%  A/25%  isooetane 

165 

1.4031 

67%  A/33%  isooetane 

172 

1.4021 

50%  A/50%  isooetane 

188 

1.3995 

25%  A/75%  isooetane 

227 

1.3958 

50/50  n-heptane/isooctane 

202 

1 . 3900 

50/50  methylyclohexane/isooctane 

191 

1.4090 

33/33/33  n-heptane/ethylcyclopen- 
tane/isooctane 

165 

1.4005 

Test  sample 

172 

1.4055 

“  Mixture  A. 
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types,  but  which  when  dissolved  at  a  suitable  concentration 
gives  a  maximum  spread  between  normal  and  branched 
paraffins.  Tabulated  data  covering  the  necessary  number  of 
10°  C.-wide  fractions  can  then  be  taken  once,  and  the  viscosity 
of  an  unknown  sample  determined  at  a  later  date  concurrently 
with  a  control  determination  on  a  selected  normal  paraffin,  to 
correct  for  resin  or  polymer  aging. 
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iV-Methylaniline  Point  of  Viscous  Petroleum  Oils 

B.  W.  GEDDES,  L.  Z.  WILCOX,  AND  E.  H.  McARDLE 
Esso  Laboratories,  Research  Division,  Standard  Oil  Development  Co.,  Elizabeth,  N.  J. 


DURING  the  past  twenty  years,  aniline  point  ( 1 ,  9)  has 
become  accepted  as  a  reliable  quick  estimate  of  the 
proximate  composition  of  the  lighter  straight-run  petroleum 
products.  It  has  been  widely  adopted  as  a  measure  of  sol¬ 
vency  of  petroleum  distillates  for  various  solutes,  and  has  ac¬ 
quired  its  popularity  largely  because  among  such  tests  it  alone 
requires  no  temperature  control.  For  highly  aromatic  sol¬ 
vent  naphthas,  it  has  more  recently  been  modified  to  “mixed 
aniline  point”  (5,  6,  8),  wherein  the  aromatic  naphtha  is 
first  diluted  with  an  equal  volume  of  a  60°  C.  aniline  point 
naphtha  of  43°/44°  API  gravity.  For  testing  lubricating 
oils  of  relatively  high  aniline  point— i.  e.,  above  80°  C. — a 
second  modification  is  now  suggested,  wherein  aniline  is  re¬ 
placed  with  iV-methylaniline.  Preliminary  results  indicate 
that  the  method  may  also  serve  in  testing  other  petroleum 
products.  The  following  simple  relation  exists  between 
aniline  point  and  W-methylaniline  point  of  petroleum  lu¬ 
bricating  oils: 


No.  of  Oils 
Tested 


15 


Aniline 

points 

°  C. 


■Range - . 

V-Methylaniline 

points 

0  C. 


Temperature 

Difference 

°  C. 


80-130  3-53  77  ±  1 


At  present,  an  important  use  of  this  type  of  test  is  in  esti¬ 
mating  the  relative  tendencies  of  these  oils  to  attack  rubber¬ 
like  materials.  Following  the  development  of  several  syn¬ 
thetic  elastomers  which  are  not  easily  soluble  in  petroleum 
oils,  an  increasing  proportion  of  flexible  transfer  lines  and 
storage  equipment  has  been  fabricated  from  these  materials, 
and  correlations  have  been  drawn  between  the  aniline  point 
of  petroleum  oils  and  the  logarithm  of  the  per  cent  increase  in 
volume  of  rubberlike  materials  (2,  4,  7). 

The  proposed  test  method  was  developed  because  labora¬ 
tory  determinations  of  aniline  point  become  increasingly 
difficult  and  hazardous  as  one  passes  from  the  lighter  petrol¬ 
eum  fractions  to  such  heavy  and  highly  paraffinic  stocks  as 
aviation  lubricating  oils.  At  120°  C.  (248°  F.)  a  hot  oil  or 
hot  air  bath,  or  both,  is  required  to  obtain  an  accurate  reading. 
Furthermore,  experience  shows  that  the  vapor  pressure  of 
aniline  at  this  temperature  is  sufficient  to  volatilize  enough 
from  the  stirred  mixture  to  cause  a  progressive  change  in  a 
series  of  readings.  Moreover,  the  concentration  of  aniline 
vapor  in  the  vicinity  of  a  short  test  tube  may  be  deemed  ob¬ 
jectionable  by  sensitive  operators. 


Aniline  Point  of  Diluted  Oil 

In  an  attempt  to  lower  the  equivalent  aniline  point  of 
lubricating  oils,  a  typical  120-viscosity  aviation  oil  was 
diluted  with  an  equal  volume  of  toluene,  and  the  aniline  point 
of  this  mixture  determined.  It  was  hoped  that  such  dilution 
would  drop  the  temperature  to  the  half-way  point,  much  as 
“mixed  aniline  point”  raises  the  reading  for  aromatic  naph¬ 
thas.  (Here,  the  straight  aniline  point  of  toluene  is  assumed 
to  be  —40°  C.,  —40°  F.,  based  upon  its  “mixed  aniline  point” 


Figure  1 


of  10.0°  C.)  Unfortunately,  however,  instead  of  lowering 
the  aniline  point  of  the  aviation  oil  (255°  F.)  to  the  half-way 
point  (107.5°  F.) — i.  e.,  by  147.5°  F. — the  drop  amounted  to 
only  85°  F.,  from  255°  to  170°.  When  the  oil  was  diluted 
with  two  volumes  of  commercial  10°  xylene,  to  make  10  ml. 
of  mixture,  the  critical  solution  temperature  with  10  ml.  of 
aniline  became  140°  F.,  much  more  than  one  third  the  way 
from  —40°  (assumed  for  xylene,  from  its  mixed  aniline  point 
of  10°  C.)  up  to  255°.  Thus  no  simple  correlation  between 
aniline  point  and  a  blended  aniline  point  appeared  likely  to 
exist  when  dealing  with  such  dissimilar  materials  as  low- 
boiling  aromatics  and  viscous  lubricating  oils.  When  N- 
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Table  I.  Inspections  of  A’-M ethyl anili ne  Used 


Specific  gravity  at  25° 

C. 

0.981 

50%  distilled,  0  C. 

197.0 

np'  20°  C. 

1 . 5682 

90%  distilled,  °  C. 

197.0 

Initial  boiling  point,  ° 

C. 

195.1 

95%  distilled,  °  C. 

197.2 

5%  distilled,  8  C. 

196.4 

Dry  point,  0  C. 

198.4 

10%  distilled,  °  C. 

196.7 

ethylaniline  was  substituted  for  aniline  and  no  diluent  was 
present,  complete  miscibility  occurred  with  the  aviation  oil 
at  room  temperature. 

fV-Methylaniline  Point 

iV-Methylaniline  was  accordingly  tried.  The  ideal  tem¬ 
perature  range  of  a  satisfactory  substitute  test  for  the  aniline 


point  of  lubricating  oils  would  (1)  be  exactly  as  wide  as  the 
corresponding  temperature  range  of  their  aniline  points — 
i.  e.,  about  50°  C.  (90°  F.) — and  (2)  for  practical  convenience, 
begin  just  above  melting  ice  temperature  for  the  lowest 
values  ordinarily  encountered,  and  not  extend  above  60°  C. 
(140°  F.),  easily  obtainable  with  running  hot  water.  Table 
II  shows  how  ideally  A^-me thy lani line  meets  these  require¬ 
ments.  With  the  wide  variety  of  lube  oils  tested,  it  drops  the 
aniline  point  by  77°  =*=  1°  C.,  or  139°  ±  2°  F.  Beginning 
with  3°  C.  for  an  SAE  10  coastal  (naphthenic)  oil,  W-methyl- 
aniline  values  parallel  aniline  values  upward  to  53°  C.,  for  a 
treated  Pennsylvania  120-viscosity  aviation  lube  oil,  as 
indicated  in  the  last  column  of  Table  II.  The  correlation 
between  aniline  point  and  W-methylaniline  point  is  shown  in 
Figure  1,  and  the  relationship  between  these  values  and  swell¬ 
ing  tendency  is  indicated  in  Figure  2. 


Table  II.  Aniline  Points  and  A^Methyl aniline  Points 


Difference 
between 
Aniline  and 

V-Methylaniline  Points 

N-M  ethyl- 
aniline 

Viscosity 

Viscosity 

Aniline 

Operator 

Operator 

Operator 

Av. 

Points 

Oil 

at  210°  F. 

Index 

Point0 

1 

2 

3 

Av. 

deviation 

(Operator  1) 

o  P' 

°  C. 

°  C. 

°  C. 

°  C. 

°  c. 

°  c. 

°  F. 

8  C. 

SAE  10  coastal 

40 

30 

176 

80.0 

2.9 

2.6 

2.8 

2.8 

0.1 

0.2 

77.1 

SAE  40  coastal 

69 

35 

198 

92.2 

14.6 

14.3 

14.0 

14.3 

0.3 

0.5 

77.6 

Penn.  180  neutral 

45 

102 

212 

100.0 

24.0 

23.2 

23.2 

23.5 

0.4 

0.7 

76.0 

Nujol 

47 

80 

221 

105.0 

29.0 

29.4 

29.1 

29.2 

0.2 

0.4 

76.0 

SAE  10  extracted  mid-continent 

44 

113 

231 

110.6 

34.8 

34.7 

34.3 

34.6 

0.2 

0.4 

75.8 

Coastal  bright  stock 

190 

65 

236 

113.4 

36.0 

36.5 

36.7 

36.4 

0.3 

0.5 

77.4 

SAE  50  mid-continent 

100 

96 

244 

117.8 

41,  2 

40.8 

41.0 

41.0 

0. 1 

0.2 

76.6 

Calif,  aviation  120 

120 

87 

247 

119.4 

41.5 

41.0 

40.8 

41. 1 

0.3 

0.5 

77.9 

Penn,  bright  stook 

150 

98 

252 

122.1 

44.9 

45.0 

45.0 

45.0 

0.1 

0.1 

77.2 

Extracted  mid-continent  av.  100 

100 

103 

253 

122.8 

46.0 

46.8 

45.7 

46.2 

0.4 

0.8 

76.8 

Extracted  mid-continent  av.  120 

120 

103 

257 

125.0 

48.0 

47.3 

47.7 

47.7 

0.2 

0.4 

77.0 

Treated  Penn,  aviation  120 

123 

104 

257 

125.0 

48  0 

47.6 

47.7 

47.8 

0.2 

0.3 

77.0 

Extracted  mid-continent  150  bright  stock 

145 

102 

261 

127.2 

49.0 

49.0 

49.0 

49.0 

0.0 

0.0 

78.2 

160  viscosity  extracted  bright  stock 

160 

95 

265 

129.4 

52.3 

52.0 

52.7 

52.3 

0.2 

0.4 

77.1 

Treated  Penn,  aviation  120 

120 

105 

264 

128.9 

53.0 

53.0 

53.0 

53.0 

0.0 

0.0 

75.9 

a  Taken  by  operator  1,  in  A.  S.  T.  M.  steam  emulsion  tubes;  believed  equal  to  strict  A.  S.  T.  M.  aniline  point  (I). 


Table  III.  Possible  Ekbors 
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Effect  of  Incorrect  Measurement 

Critical 

Solution 

Mixture  Temperature 

0  C. 

9  ml.  of  SAE  10  coastal,  11  ml.  of  IV-methylaniline  4.1 

10  ml.  of  SAE  10  coastal,  10  ml.  of  IV-methylaniline  2.9 

11  ml.  of  SAE  10  coastal,  9  ml.  of  rV-methylaniline  1.6 

9  ml.  Pennsylvania  bright  stock,  11  ml.  of  iV-methylaniline  46.8 

10  ml.  Pennsylvania  bright  stock,  10  ml.  of  Ar-methylaniline  44.9 

11  ml.  Pennsylvania  bright  stock,  9  ml.  of  IV-methylaniline  43.5 


Effect  of  Redistillation 

Six  Weeks  Freshly 
Old  Sample  Distilled 


°  C.  °  C. 

Equal  volumes  of  SAE  10  coastal  and  W-methylaniline  2.9  2.6 

Equal  volumes  of  Pennsylvania  bright  stock  and  IV- 

methylaniline  44.9  44.6 

Effect  of  Added  Water 

°  C. 

. V - m e t h y  1  a n i  1  i n e  point  of  SAE  10  coastal  oil  2 . 9 

Same,  plus  0.04  ml.  of  water  _  3.0 

V-methylaniline  point  of  Pennsylvania  bright  stock  44.9 

Same,  plus  0.04  ml.  of  water  45.4 


The  Ar-methylaniline  employed  was  the  Eastman  grade 
labeled  “free  of  aniline  and  dimethylaniline”.  It  was  six 
weeks  old  when  used.  Pertinent  inspections  are  shown  in 
Table  I.  A  double  redistillation,  discarding  light  and  heavy 
ends,  caused  a  negligible  change  in  the  iV-methylaniline 
points  of  the  light  coastal  oil  and  a  Pennsylvania  bright  stock 
(Table  III). 

Presumably,  like  aniline,  A-methylaniline  should  be 
handled  in  the  laboratory  as  a  toxic  reagent,  although  accord- 
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ing  to  one  authority  (3)  “introduction  of  an  alkyl  group  such 
as  methyl  (CH3)  .  .  .  makes  (iV-methylaniline)  less  poisonous 
than  aniline,  for  dimethylaniline  is  less  poisonous  than 
aniline.”  Like  aniline,  iV-methylaniline  is  an  established 
intermediate  in  the  dyestuff  industry. 

Performance  of  the  Test 

The  current  A.  S.  T.  M.  method  for  aniline  point  (A.  S.  T.  M. 
D611-41T)  calls  for  pipetting  the  aniline,  and  pipetting  or 
weighing  the  sample  to  be  tested.  Since  the  room-temperature 
pipetting  of  a  120-viscosity  at  210°  or  heavier  aviation  oil  is 
practically  impossible,  the  sample  and  test  tube  must  each  be 
weighed,  a  time-consuming  process.  Hence  resort  was  made  to 
the  utilization  of  A.  S.  T.  M.  steam  emulsion  tubes  (A.  S.  T.  M. 
D 157-36)  of  Pyrex,  200  mm.  long  and  of  23-mm.  bore  (8X1 
inch  test  tubes),  graduated  in  milliliters  beginning  at  10  ml. 
The  tubes  had  been  previously  calibrated  by  the  Standard  In¬ 
spection  Laboratory,  Standard  Oil  Development  Company, 
Bayonne,  N.  J.  Correct  placement  of  the  bottom  line  of  the 
graduated  range,  at  10  ml.,  is  as  important  to  the  A-methyl- 
aniline  point  test  as  are  the  other  graduations.  Selected  tubes 
were  rechecked  for  the  accuracy  of  this  marking  against  a  10.0- 
ml.  pipet,  and  were  all  found  correct.  The  reagent,  being  heavier 
than  lubricating  oils,  is  poured  into  the  tube  first.  The  bottom 
of  its  meniscus  is  tangential  to  the  marking,  which  encircles  the 
tube.  Oil  to  be  tested  is  poured  atop  the  reagent,  again  with 
the  meniscus  tangential  to  the  top  of  the  20-ml.  marking. 

Interfacial  tension  between  glass  and  A-methylaniline  is  appar¬ 
ently  much  lower  than  in  the  case  of  aniline,  since  the  former 
flows  smoothly  down  the  wall  of  the  tube,  leaving  fewer  and 
smaller  droplets  above  the  body  of  the  liquid. 

The  precision  of  the  test  is  seen  from  Table  II  to  be 
^=0.2°  C.,  or  =*=0.4°  F.  Table  III  shows  that  the  effect  of 


cumulative  10  per  cent  errors  in  measuring  the  components — 
fivefold  those  indicated  as  the  average  of  the  three  operators — 
is  about  1.5°  C.  over  the  range  of  oils  tested;  and  the  pres¬ 
ence  of  water  raises  the  iV-methylaniline  point,  as  it  does  the 
aniline  point. 

Conclusions 

vV-Methylaniline  point  has  practical  advantages  as  a 
qualitative  test  instead  of  aniline  point  for  the  proximate 
composition  of  petroleum  oils.  Aniline  points  may  be  ob¬ 
tained  from  A-methylaniline  points  by  adding  77°  C.  or 
139°  F.  A.  S.  T.  M.  steam  emulsion  tubes  offer  a  convenient 
and  precise  means  of  performing  the  test. 
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Determination  of  Free  Gossypol 
in  Cottonseed  Meal 

A  Colorimetric  Method 

CARL  M.  LYMAN,  BRYANT  R.  HOLLAND,  AND  FRED  HALE 
Texas  Agricultural  Experiment  Station,  A.  &  M.  College,  College  Station,  Texas 


IT  HAS  been  shown  by  Lyman,  Holland,  and  Hale  U)  that 
cottonseed  meal  can  be  processed  in  such  a  manner  that  it 
no  longer  has  any  toxic  qualities  whatsoever,  and  that  the  pro¬ 
cedure  is  a  practical  one  from  the  standpoint  of  oil  mill 
operation.  It  has  also  been  shown  that  the  free  gossypol 
content  of  cottonseed  meal  is  a  reliable  index  which  will 
determine  whether  any  given  sample  of  meal  will  prove  toxic 
in  animal  feeding  tests. 

In  the  authors’  experience,  accurate  results  for  the  deter¬ 
mination  of  free  gossypol  by  the  precipitation  of  the  dianiline 
compound  from  extracts  of  cottonseed  meal  have  been  ob¬ 
tained  only  with  considerable  difficulty.  In  attempting  to 
follow  the  procedure  of  Halverson  and  Smith  {2,  5)  duplicate 
determinations  often  gave  satisfactory  checks  but  the  pre¬ 
cipitates  were  not  always  sufficiently  pure  to  give  the  accuracy 
desired,  and  precipitates  which  had  the  color  of  dianiline 
gossypol  were  never  obtained. 

This  paper  reports  a  quantitative  method  for  the  deter¬ 
mination  of  gossypol,  based  on  the  change  in  color  which 
occurs  when  aniline  reacts  with  gossypol  in  an  organic  solvent. 

Experimental 

The  absorption  spectra  data  on  which  the  method  is  based 
were  obtained  with  a  Cenco  Sheard  spectrophotelometer.  For 


purposes  of  routine  analysis  any  good  photoelectric  colorimeter 
with  a  filter  transmitting  light  of  440-millimicron  wave  length  is 
satisfactory.  The  procedure  used  for  the  isolation  of  gossypol 
to  be  used  as  a  standard  was  the  same  as  that  given  by  Campbell, 
Morris,  and  Adams  (7). 

Figure  1  shows  the  comparison  of  the  absorption  of  light 
by  pure  gossypol  and  by  dianiline  gossypol  (formed  by  the 
addition  of  aniline  to  the  solvent),  both  measured  against  a 
reference  cell  containing  pure  solvent.  Dianiline  gossypol 
exhibits  a  maximum  of  absorption  at  440  millimicrons  while 
pure  gossypol  absorbs  very  little  light  at  this  wave  length. 

By  measuring  the  absorption  of  a  solution  of  gossypol  plus 
aniline  (freshly  distilled,  water-white)  against  a  reference 
cell  containing  the  same  amount  of  gossypol  but  no  aniline, 
the  change  in  absorption  due  to  the  reaction  with  aniline 
can  be  measured.  This  procedure  makes  it  possible  to  apply 
the  measurement  to  solutions  containing  other  colored  ma¬ 
terials  besides  gossypol,  provided  that  gossypol  is  the  only 
substance  present  which  reacts  with  aniline  to  produce  a  color 
change. 

Figure  2  shows  this  type  of  measurement  applied  to  solu¬ 
tions  of  gossypol  at  two  concentrations  and  to  a  diluted  ether 
extract  of  cottonseed  meal.  The  close  similarity  in  the  shapes 
of  the  absorption  curves  suggests  that  the  change  in  absorp- 
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Table  II.  Recovery  Tests 


Gossypol 
in  Extract 
Mg. 


Gossypol 

Added 

Mg. 


Gossypol  Recovery  of 
Found  Added  Gossypol 
Mg.  % 


0.070  _  0.070 

0.070  0.0235  0.094 

0.070  0.047  0.118 
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102 


Extraction  of  Free  Gossypol  from  Cottonseed 

Meal 

The  extraction  of  2-gram  samples  wrapped  in  filter  paper 
and  placed  in  Butt  extractor  tubes  gave  results  equally  as 
consistent  as  the  extraction  of  the  same  or  larger  quantities 
of  material  in  Soxhlet  extractors.  When  large  numbers  of 
samples  are  to  be  run,  the  use  of  the  simpler  apparatus  is  of 
considerable  advantage.  A  search  was  made  for  a  solvent 
which  would  extract  the  free  gossypol  more  rapidly  than  ethyl 
ether  but  none  was  found.  Because  the  authors’  data  con¬ 
cerning  the  following  points  are  in  agreement  with  the  con¬ 
clusions  of  Halverson  and  Smith  ( 3 ,  5)  they  are  omitted  here : 


Figure  1.  Absorption  Spectra  of  Gossypol  and 
Dianiline  Gossypol 
Cell  thickness,  5  cm. 

1.  0.05  mg.  of  gossypol  in  25  ml.  of  ethyl  ether-butanol  mixture 

2.  0.05  mg.  of  gossypol,  2  ml.  of  aniline-ether-butanol  mixture 

to  make  25  ml. 

The  portion  of  the  absorption  spectra  between  550  and  750  milli¬ 
microns  wave  length  was  omitted  because  at  the  concentrations 
used  there  was  practically  no  absorption  in  this  region. 


Anhydrous  ether  extracts  very  little  free  gossypol  from  cotton¬ 
seed  meal. 

Moistening  the  sample  and  adding  small  amounts  of  water 
to  the  ether  increase  the  amount  of  gossypol  extracted. 

The  use  of  ether  containing  2.3  to  2.5  per  cent  of  alcohol  in 
addition  to  small  amounts  of  water  further  increases  the  amount 
of  gossypol  extracted. 

Even  after  extraction  periods  as  long  as  3  to  4  days,  further 
extraction  yields  additional  small  quantities  of  gossypol.  There 
seems  to  be  no  sharp  boundary  between  free  and  bound  gossypol. 


Table  I.  Time  Required  for  Development  of  Color 

(Amount  of  gossypol,  0.18  mg.  in  25  ml.  of  test  solution.  Cell  thickness, 

1  cm.) 


Time,  Minutes 

r  *> 

Log/T 

3 

0.393 

6 

0.432 

9 

0.456 

12 

0.469 

17 

0.475 

20 

0.481 

27 

0.480 

35 

0.481 

60 

0.481 

120 

0.480 

180 

0.480 

tion  resulting  from  the  addition  of  aniline  to  the  extract  of 
cottonseed  meal  is  essentially  due  to  the  gossypol  present. 

However,  aniline  does  react  with  certain  other  compounds 
having  a  carbonyl  group  attached  to  an  aromatic  nucleus. 
By  way  of  comparison,  the  change  in  absorption  spectra 
which  occurs  when  aniline  reacts  with  two  of  these  com¬ 
pounds  is  given  in  Figure  3. 

It  appears  that  if  there  are  other  substances  besides  gossy¬ 
pol  in  ether  extracts  of  cottonseed  meal,  which  give  color  with 
aniline,  these  substances  must  be  closely  related  to  gossypol 
in  chemical  structure. 

Figure  4  shows  that  the  extinction  coefficient  of  the  color 
change  is  a  straight-fine  function  of  the  concentration  of 
gossypol  when  the  gossypol  concentration  lies  between  0.05 
and  0.30  mg.  per  25  ml.  of  solution. 

It  was  found  that  the  time  necessary  for  the  development 
of  maximum  color  varies  with  the  amount  of  aniline  used. 
Maximum  color  was  always  developed  in  20  minutes  when 
2  ml.  of  aniline  in  a  total  volume  of  25  ml.  were  used.  After 
the  color  was  developed  it  was  stable  for  3  hours  at  least 
(Table  I). 


Detailed  Procedure 

A  2-gram  sample  of  cottonseed  meal  ground  to  pass  a  40-mesh 
sieve  is  wrapped  in  a  125-mm.  filter  paper  (S.  &  S.  No.  597  or 
equivalent  grade)  and  rewrapped  in  a  second  filter  paper,  the  top 
being  left  open  like  a  thimble.  The  sample  is  then  placed  in  a 
Butt  extractor  tube  and  a  piece  of  absorbent  cotton  is  introduced 
into  the  top  of  the  thimble  to  distribute  the  dropping  solvent. 
A  250-ml.  Erlenmeyer  flask  serves  as  an  extraction  vessel.  Ex¬ 
traction  with  60  ml.  of  peroxide-free  ethyl  ether  containing  2.3 


Figure  2.  Change  in  Absorption  Spectra  on  Addition 
of  Aniline 

Solvent,  n-butanol.  Amount  of  aniline,  2  ml.  in  total  volume  of 
25  ml.  Cell  thickness,  5  cm. 

1.  Pure  gossypol,  0.02  mg. 

2.  Diluted  ethyl  ether  extract  of  cottonseed  meal 

3.  Pure  gossypol,  0.04  mg. 
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to  2.5  per  cent  alcohol  and  1  to  1.2  per  cent  water  (by  weight)  is 
continued  for  72  hours.  The  solvent  should  fall  from  the  con¬ 
denser  on  the  center  of  the  thimble  at  the  rate  of  at  least  150 
drops  per  minute. 

At  the  end  of  the  extraction  period  about  5  ml.  of  n-butanol 
are  added  to  the  flask  and  the  ether  is  removed  at  reduced  pressure 
while  the  flask  is  rotated  in  a  pan  of  warm  water.  The  residue 
is  transferred  to  a  25-ml.  volumetric  flask  with  the  aid  of  a 
butanol  wash  bottle  and  a  small  funnel.  n-Butanol  is  used  to 
dilute  to  the  mark.  Two  aliquots  (usually  2  to  5  ml.,  depending 
on  the  gossypol  content)  are  transferred  to  two  other  25-ml. 
volumetric  flasks;  2  ml.  of  freshly  distilled  aniline  are  added  to 
one  of  these  and  both  flasks  are  diluted  to  the  mark  with  n- 
butanol.  After  about  20  minutes  the  solutions  are  transferred 
to  the  cells  of  a  photoelectric  colorimeter  or  spectrophotometer 
and  relative  measurements  of  the  light  transmission  of  the  two 
solutions  are  made  at  440-millimicron  wave  length.  The  amount 


Io 


of  gossypol  is  directly  proportional  to  log  -=-  where  Io  is  the 

I 1 


intensity  of  the  light  transmitted  without  aniline  and  7i  is  the 
intensity  of  the  light  transmitted  by  the  solution  containing 
aniline.  A  standard  curve  is  prepared  using  values  obtained 
with  pure  gossypol.  Any  good  photoelectric  colorimeter  or 
spectrophotometer  may  be  used,  but  it  is  necessary  to  prepare 
a  standard  curve  for  each  instrument.  The  aliquots  used  for 
the  determination  should  contain  from  0.05  to  0.30  mg.  of 
gossypol  when  spectrophotometer  cells  of  about  1  cm.  thickness 
are  used. 


Recovery  tests  were  carried  out  by  analyzing  ether  extracts 
of  cottonseed  meal  both  before  and  after  the  addition  of 
known  amounts  of  pure  gossypol.  The  results  given  in  Table 
II  indicate  that  the  presence  of  other  colored  compounds  in 
ether  extracts  of  cottonseed  meal  does  not  interfere  with  the 
accuracy  of  the  determination. 


Table  III.  Duplicate  Determinations  of  Free  Gossypol 
in  Cottonseed  Meal 


Free  Gossypol  Content 

Sample  No. 

Determination  1 

Determination  2 

% 

% 

83 

0.045 

0.046 

90 

0.098 

0.100 

100 

0.021 

0.022 

110 

0.118 

0.115 

111 

0.079 

0.080 

5 

0.020 

0.022 

5 

0.022 

0.021 

i — i — i — i — i — i — i . i ■  i  ■  ■  ' — 

400  450  500  550 
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Figure  3.  Change  in  Absorption  Spectra  Due  to 
Reaction  with  Aniline 
Cell  thickness,  5  cm. 

1.  Dibromosalicylaldehyde,  1.0  mg.  in  25  ml. 

2.  Gossypol,  0.05  mg.  in  25  ml. 

3.  3,4-Dihydroxybenzaldehyde,  approximately  2.4'mg.  in  25  ml. 


Figure  4.  Standard  Curve  for  the  Colorimetric 
Determination  of  Gossypol 

Wave  length,  440  millimicrons.  Cell  thickness,  1  cm. 


Table  III  gives  the  free  gossypol  content  of  a  number  of 
samples  of  cottonseed  meal.  These  data  are  included  in 
order  to  illustrate  to  what  extent  duplicate  analyses  may  be 
expected  to  check  each  other. 

Discussion 

The  method  outlined  is  easily  performed  and  involves  no 
detailed,  difficult  procedures.  There  appears  to  be  no  source 
of  error  due  to  other  pigments  present  in  cottonseed  meal. 
The  method  is  particularly  useful  for  accurately  determining 
extremely  small  quantities  of  free  gossypol  in  cottonseed  meal. 
In  such  cases  the  solubility  of  dianiline  gossypol  becomes  a 
source  of  error  in  the  determination  by  the  precipitation 
method. 

The  procedure  may  be  modified  by  moistening  the  samples 
with  water  before  extraction  and  adding  water  to  the  ether 
in  the  extraction  flasks.  Higher  values  are  obtained  by 
doing  this.  Evidence  is  given  in  another  report  (4)  that  the 
determination  of  free  gossypol  according  to  the  procedure 
given  above  offers  a  method  of  ascertaining  when  cottonseed 
meal  has  been  processed  in  such  a  manner  that  it  will  have  no 
residual  toxic  qualities  whatsoever.  When  values  for  the 
free  gossypol  content  of  cottonseed  meal  are  compared,  due 
consideration  should  be  given  to  the  exact  conditions  of 
extraction. 
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Germicidal  Quaternary  Ammonium  Salts  in 

Dilute  Solution 

A  Colorimetric  Assay  Method 

M.  E.  AUERBACH,  Research  Laboratories,  Winthrop  Chemical  Company,  Inc.,  Rensselaer,  N.  Y. 


A  colorimetric  method  for  the  estimation  of 
some  germicidal  quaternary  compounds  in 
dilute  solutions  is,  for  practical  purposes, 
specific  in  that  inorganic  alkalies  and  the 
common  primary,  secondary,  and  tertiary 
amines  do  not  interfere.  Therefore  an  ex¬ 


tension  of  the  general  method  has  been 
suggested  for  the  estimation  of  alkaloids 
(cations)  with  bromothymol  blue  as  dye 
anion,  and  for  the  estimation  of  some 
colored  sulfonic  acids  (anions)  with  quater¬ 
nary  ammonium  cations. 


THE  quaternary  ammonium  compounds  which  are  now 
becoming  increasingly  useful  as  antiseptics  and  germicides 
C 1 ,  4,  6,  6,  8,  11,  12,  18)  are  of  such  potency  that  solutions 
more  concentrated  than  1  to  500  are  seldom  used.  Quite 
properly,  these  compounds  are  usually  standardized  on  the 
basis  of  their  phenol  coefficient,  or  actual  bactericidal  effi¬ 
ciency.  Several  years  ago,  however,  this  laboratory  was 
given  the  problem  of  devising  a  chemical  assay  method  suf¬ 
ficiently  simple  for  field  use.  Such  a  method  was  worked 
out,  and  has  proved  to  be  of  value  not  merely  in  the  field, 
but  also  (with  suitable  refinements)  as  a  laboratory  control 
test. 

The  quaternary  ammonium  salts  named  below  form  colored 
salts  with  dibromothymolsulfonphthalein  (bromothymol 
blue)  and  with  tetrabromophenolsulfonphthalein  (bromo- 
phenol  blue) .  These  salts  are  readily  extracted  from  alkaline 
aqueous  solutions  by  a  number  of  organic  solvents,  particu¬ 
larly  the  chlorinated  solvents.  Bromophenol  blue,  which  the 
the  author  prefers  to  use,  is  itself  insoluble  in  ethylene  di¬ 
chloride  (for  example),  either  in  its  acid  form  or  as  the  sodium 
salt;  nor  does  it  form  salts  extractable  from  alkaline  solution 
with  any  of  a  large  number  of  primary,  secondary,  and  tertiary 
amines  at  the  author’s  disposal,  or  with  alkaloids.  It  seems 
probable  that  all  cations  of  the  composition  [R1R2R3R4N  ] + 
where  Ri,  R?,  and  R3  are  CH3  or  longer  chained  alkyls 

and  R<  is  <(  CH2,  C4H9,  or  longer  chained  aryl-alkyl,  will 

form  salts  with  bromophenol  blue  which  can  be  extracted  from 
alkaline  solution.  It  is  not  claimed  that  only  quaternary 
amines  respond  to  this  test,  but  it  is  true  that  of  50  or  60 
nonquatemary  amines,  all  gave  negative  tests.  These 
negative  compounds  include  such  typical  amines  as  ethyl- 
amine,  dimethylamine,  diethanolamine,  diethylaminoethanol, 
aniline,  phenylenediamine,  and  ethylenediamine.  It  is 
especially  significant  that  lauryl  dimethylamine,  which  can 
be  considered  a  possible  impurity  in  alkyl  benzyl  dimethyl 
ammonium  chloride,  gives  a  negative  test. 

The  method  consists  of  forming  the  quaternary  am¬ 
monium-dye  salt  in  carbonate  solution,  extracting  the 
color  with  ethylene  dichloride,  and  measuring  in  a 
photoelectric  colorimeter  the  intensity  of  color  so  ex¬ 
tracted.  By  means  of  a  factor  previously  derived  from 
a  standard  solution,  the  concentration  of  quaternary 
ammonium  salt  in  the  sample  is  readily  calculated. 

To  illustrate  the  method  under  discussion,  there  is 
described  below  the  assay  of  a  commercial  tinted 
alcohol-acetone  solution  containing  1  to  1000 


alkyl  benzyl  dimethylammonium  chloride  (referred  to 
as  Z ): 

C„H2„  +  !  CH3 

\/ 

N— Cl 

/ - v  /\ 

/ \ch2  ch3 

in  which  C„H2a+i  represents  a  mixture  of  alkyl  groups  ranging 
from  CsHi7  to  CisHj7.  In  spite  of  the  apparently  indetermi¬ 
nate  constitution  of  this  substance,  the  average  molecular 
weight,  because  of  rigidly  standardized  manufacturing  con¬ 
ditions,  is  remarkably  constant,  being  about  357.5.  The 
molecular  weight  was  determined  by  preparing  the  ferri- 
cyanide  salt  R3Fe(CN)6  (R  =  quaternary  ammonium  cation), 
igniting  a  portion  of  the  salt  to  Fe203,  and  calculating  back 
to  the  value  of  R. 

Standard  Solution 

Titrate  a  10  per  cent  solution  of  Z  by  the  ferricyanide  method 
(8).  From  this  standard  prepare  a  working  dilution  containing 
0.1  mg.  per  ml. 

In  working  with  other  quaternary  salts,  a  standard  solution 
of  the  compound  in  question  might  be  used  in  place  of  a  standard 
Z  solution.  The  discussion  below  will  apply  equally  to  the  new 
standard,  necessitating  only  the  obvious  changes  resulting  from  a 
different  molecular  weight. 

Method 

Dilute  the  1  to  1000  tinted  tincture  exactly  ten  times  with  dis¬ 
tilled  water.  Take  2  ml.  of  the  dilution  (about  0.2  mg.  of  quater¬ 
nary  salt)  in  a  125-ml.  glass-stoppered  Erlenmeyer  flask.  Add  2 
ml.  of  10  per  cent  sodium  carbonate  solution  and  1  ml.  of  0.04 
per  cent  aqueous  bromophenol  blue  indicator  solution,  dilute  with 
about  50  ml.  of  distilled  water,  add  exactly  10  ml.  of  ethylene  di¬ 
chloride,  stopper  the  flask,  and  shake  gently  for  one  minute. 
One  gram-molecule  of  dye  reacts  with  2  gram-molecules  of  quater¬ 
nary  salt  in  a  manner  analogous  to  the  normal  salt  formation  of 
the  sulfonphthaleins  (2) : 


Br  Br 


R  =  quaternary  ammonium  cation 
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Table  I.  Assay  of  Ammonium-Dye  Salt  Z 


Z  in 

Instrument 

Sample 

Mg. 

Heading 

0.05 

38 

0.10 

77 

0.20 

152 

0.30 

230 

0.40 

300 

0.60 

376 

To  samples  containing  more  than  0.3  mg.  of  Z ,  an  extra  ml.  of  indicator, 
solution  was  added. 


That  is,  357.5  mg.  of  Z  react  with  335  mg.  of  bromophenol  blue, 
or  1  mg.  of  Z  requires  0.94  mg.  of  bromophenol  blue.  Further, 
a  linear  relationship  holds  throughout  a  desirable  range  of  con¬ 
centrations,  as  demonstrated  in  Table  I. 

When  the  layers  have  separated,  aspirate  off  the  aqueous  layer, 
transfer  the  colored  ethylene  dichloride  layer  to  a  dry  test  tube, 
add  0.5  to  1  gram  of  dry  sodium  sulfate,  and  mix  by  gentle  agita¬ 
tion.  Decant  the  clarified  colored  solution  into  a  Klett-Sum- 
merson  photocolorimeter  tube  and  read  in  the  instrument,  using 
filter  No.  54,  or  equivalent  instrument  and  filter.  In  the  same 
way  run  the  prepared  standard  dilution. 

Use  of  the  Calculation  Factor 

When  colored  solutions,  which  follow  Beer’s  law,  are  read 
in  a  photoelectric  colorimeter  provided  with  a  logarithmic 
scale,  it  is  true  that 

RS  X  K  =  CS 

where  RS  =  instrument  reading  of  standard 
CS  =  concentration  of  standard 
K  =  a  constant 


In  the  case  of  a  1  to  1000  standard  solution  assayed  as 
described  above,  the  colored  standard  solution  read  in  the 
instrument  contained  the  equivalent  of  0.2  mg.  of  original 
quaternary  salt  per  10  ml. — i.  e.,  0.002  per  cent.  The  actual 
reading  on  the  author’s  instrument  was  152.  Then  K  = 

=  0.0000131,  or,  to  put  it  otherwise,  the  instrument 


reading  X  0.00131  =  mg.  of  anhydrous  quaternary  salt  in  the 
2-ml.  dilution  taken  for  analysis.  This  factor,  naturally,  is 
valid  for  only  one  particular  instrument  and  filter  combina¬ 
tion.  Once  the  factor  has  been  determined,  it  becomes  un¬ 
necessary  to  prepare  further  standard  solutions.  One  simply 
a  convenient  dilution  of  the  unknown  and  takes  a 
containing  about  0.2  mg.  of  substance  for  test.  The 
)S'  .entration  is  then  calculated  from  the  instrument  reading 
and  K,  as  indicated.  Further,  since  the  formation  of  the 
colored  salt  is  a  stoichiometric  relationship,  and  since  the 
spectral  characteristics  of  the  color  have  to  do  only  with  the 
dye  anion  and  are  independent  of  the  particular  quaternary 
cation  in  use,  it  is  unnecessary  to  prepare  standard  solutions 
of  new  quaternary  compounds,  so  long  as  the  molecular 
weight  of  the  new  compound  is  known.  It  is  only  necessary 
to  recalculate  K  to  fit  the  new  molecular  weight. 


For  example,  when  solutions  of  p-tert- octyl  phenyl  diethoxy 
dimethyl  benzyl  ammonium  chloride  monohydrate  (11) : 


C,H 


-o 


(CH3)2 

CH2CH2OCH2CH2N— Cl .  h2o 


became  available,  K  was  recalculated  as  follows: 

Kt  (for  new  substance)  =  Ki(Z)  X 

465.5  (molecular  weight  of  new  substance) 
357.5  (molecular  weight  of  Z) 

Kt  =  0.00131  X  1.302  =  0.0017 

Using  the  new  factor,  K2  =  0.00170,  an  aqueous  solution 
of  the  new  compound  labeled  1  to  1000  was  assayed  and  0.998 


gram  per  liter  found.  A  tinted  tincture  labeled  1  to  500  assayed 
1 .997  grams  per  liter,  using  the  same  factor. 

Similarly,  for  cetyl  pyridinium  chloride  (12, 13): 

Cl 


CltH„ 


=  0.00131  X  §14  =  0.00124 
o5  7.0 


Using  the  factor  Kt  =  0.00124,  a  tinted  tincture  labeled  1  to 
4000  assayed  0.220  gram  of  anhydrous  cetyl  pyridinium  chloride 
per  liter. 

Again,  for  1,3-di-n-octyl  benztriazolium  bromide  (6) : 


C8Hi; 


N— Br 

\ 

N 

N 

i8H„ 


Ki  was  calculated  as  0.00131  X  a...  -z  =  0.00155. 

do  7.o 

Using  the  factor  Kt  =  0.00155,  a  solution  of  the  pure  substance 
made  up  in  a  concentration  of  1  to  1000  assayed  1.020  grams  per 
liter. 


Possible  Analytical  Uses  of  General  Method 

Alkyl  benzyl  dimethyl  ammonium  chloride  (and  other 
quaternary  salts,  no  doubt)  forms  salts  with  some  sulfonic 
acid  derivatives,  the  salts  being  extractable  from  water 
solution.  For  example,  sulfanilyl  azo  acetyl  2R  acid  (Neo- 
prontosil)  is  very  soluble  in  water.  On  addition  of  the 
quaternary  compound,  the  resultant  salt  can  be  extracted 
quantitatively  with  a  number  of  water-immiscible  solvents. 

Under  the  specified  test  conditions  (more  specifically,  in 
alkaline  medium)  the  dye  salts  of  alkaloids  are  not  extract- 
able.  However,  these  salts  become  extractable  from  acid 
solutions,  and  useful  methods  can  be  developed  for  the 
determination  of  minute  amounts  of  various  alkaloids  in 
solution.  In  fact,  such  a  method  has  already  been  found 
useful  for  the  determination  in  urine  of  an  alkaloidlike 
synthetic  drug,  the  ethyl  ester  of  methyl  phenyl  piperidine 
carboxylic  acid  (7). 

In  this  laboratory  very  small  amounts  of  strychnine  have 
been  determined  in  a  complex  solution  by  extracting  it  as  the 
yellow  bromothymol  blue  salt  in  the  presence  of  acetate 
buffer  pH  5.0,  using  toluene  as  solvent.  A  somewhat  similar 
method  was  described  several  years  ago  for  quinine,  using 
eosin  as  the  dye  anion  (9,  10). 
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Determination  of  Vitamin  li,  (Thiamine)  in 
Extracts  and  Concentrates 

Comparison  of  Biological  and  Chemical  Methods 

R.  A.  BROWN,  EVA  HARTZLER,  GAIL  PEACOCK,  AND  A.  D.  EMMETT 
Research  Laboratories,  Parke,  Davis  &  Company,  Detroit,  Mich. 


IT  IS  the  purpose  of  this  paper  to  correlate  the  data  ob¬ 
tained  during  the  past  several  years,  in  determining 
thiamine  by  six  different  procedures.  The  following  com¬ 
parisons  have  been  made: 

1.  The  modified  Smith-curative  and  modified  Melnick-Field 
methods  with  the  U.  S.  P.  method. 

2.  The  rat-growth  and  pigeon-weight-maintenance  methods 
with  the  modified  Smith- curative  method. 

3.  The  thiochrome  method  of  Hennessy  and  Cerecedo  with 
the  modified  Melnick-Field  method. 


Table  I.  Comparison  of  U.  S.  P.,  Modified  Smith-Ctjeative, 
and  Modified  Melnick-Field  Methods,  Using  Thiamine 

Solutions 


Modified 

Modified 

Difference® 

Sample 

Smith- 

Melnick- 

Melnick- 

No. 

U.  S.  P. 

Curative 

Field 

Smith 

Field 

y/ml. 

y/ml. 

y/ml. 

% 

% 

42,200 

1,100 

1,100 

1,140 

0.0 

+3.5 

41,680 

6,138 

6,600 

6,600 

+  7.5 

+7.5 

37,050 

6,600 

6,600 

6,606 

0.0 

+  0.1 

42,650 

11,889 

10,998 

11,367 

-7.5 

—  4  4 

37,370 

24,000 

24,000 

27,240 

0.0 

+  13.5 

41,340 

25,944 

26,178 

26,100 

+  0.9 

+0.6 

42,440 

25,998 

28,164 

28,236 

+  7.2 

+8.6 

42,640 

28,100 

25,998 

26,700 

-7.5 

—  5.0 

44,490 

55,812 

57,230 

58,632 

+2.4 

+  5.1 

42,450 

60,000 

64,980 

63,978 

+8.3 

+  6.6 

42,610 

64,863 

60,000 

62,508 

-7.5 

-3.6 

Mean  (11) .... 

.... 

.... 

4.4 

5.3 

®  Expressed  as  difference  in  per  cent  of  value  obtained  by  U.  S.  P.  method' 


Description  of  the  Methods 

Biological  Methods.  The  U.  S.  P.  method  was  carried  out  as 
described  in  the  U.  S.  Pharmacopoeia  XI  (10).  The  rat-curative 
method  was  that  described  by  Smith  (9)  and  modified  by  Birch 
and  Harris  (2),  so  as  to  carry  0.5  per  cent  of  yeast.  This  small 
amount  of  yeast  greatly  increased  the  number  of  rats  which  de¬ 
veloped  typical  polyneuritis  and  at  the  same  time  it  did  not  in¬ 
fluence  the  response  to  treatment.  The  rat-growth  method  was 
essentially  that  described  by  Chase  and  Sherman  (3).  The  pi¬ 
geon-weight-maintenance  method  was  that  of  Cowgill  (4). 

Chemical  Methods.  The  colorimetric  method  of  Melnick 
and  Field  (8)  as  modified  by  Emmett,  Peacock,  and  Brown  (5) 
was  used.  This  was  further  improved  by  introducing  three 
changes:  separation  of  the  colored  reaction  product  on  Super- 
Filtrol  by  centrifuging,  eluting  the  color  with  10  cc.  of  95  per  cent 
ethyl  alcohol,  and  measuring  the 
depth  of  color  with  the  Evelyn 
colorimeter,  using  filter  No.  520.  = 

The  thiochrome  method  of  Hen¬ 
nessy  and  Cerecedo  (6)  was  used 
along  with  the  adoption  of 
Mason  and  Williams’  (7)  very 
simple  and  efficient  procedure 
for  the  oxidation  and  extraction 
of  the  thiochrome  with  isobuta¬ 
nol,  and  measuring  the  fluores¬ 
cence  with  the  Pfaltz  and  Bauer 
fluorophotometer. 


Results  and  Discussion 

Comparison  of  the  U.  S.  P., 
Modified  Smith  -  Curative, 
and  Modified  Melnick- 


Field  Methods.  In  Table  I  the  data  obtained  in  assaying  11 
different  samples  of  thiamine,  with  potencies  ranging  from  1100 
to  65,000  micrograms  per  ml.,  are  given.  The  concordance  of 
the  results  for  the  corresponding  samples  assayed  by  the  three 
methods  is  very  good.  With  but  one  exception  the  data  agree 
within  ±9  per  cent  of  the  values  of  the  U.  S.  P.  method — the 
mean  differences  being  4.4  for  the  rat-curative  method  and 
5.3  per  cent  for  the  colorimetric  method. 

Table  II  gives  a  summary  of  these  three  methods  as  applied 
to  76  samples,  which  include  pure  thiamine,  elixirs,  synthetic 
vitamin  mixtures,  wheat  germ  extracts,  fortified  liver  extracts, 
and  miscellaneous  samples.  The  thiamine  solutions  and  the 
elixirs  gave  the  best  results.  The  vitamin  mixtures  were 
made  up  of  additional  components  of  the  vitamin  B  complex, 
supplied  either  in  crystalline  form  or  as  natural  concentrates. 
In  addition,  some  of  them  contained  the  fat-soluble  vitamins 
A  and  D.  The  variations  between  the  three  methods  with 
these  samples  are  somewhat  higher  than  for  pure  thiamine 
and  elixirs,  but  still  within  the  range  of  accuracy  of  the 
biological  assays.  The  correlation  between  the  data  for  the 
three  methods  in  the  case  of  the  wheat  germ  and  liver  ex¬ 
tracts  is  satisfactory.  The  miscellaneous  samples,  which 
included  rice-bran  concentrates,  dried  yeast,  thiamine  hydro¬ 
chloride  tablets,  and  alcoholic  solutions  of  vitamin  B  complex 
mixtures,  show  the  greatest  discrepancies. 

From  these  data  it  is  evident  that  any  one  of  these  three 
methods  will  give  satisfactory  results.  The  Smith-curative 
method  has  a  distinct  advantage,  however,  over  the  U.  S.  P. 
procedure  in  that  it  is  more  rapid.  In  turn,  the  chemical 
method  has  an  advantage  over  the  two  biological  procedures 
as  to  time. 

Comparison  of  the  Modified  Smith-Curative  taEnn^- 
Growth,  and  Pigeon-Weight-Maintenance  Meix.  t.  . 
In  Table  III  data  are  presented  for  10  samples  of  wheat 
germ  extract  and  10  of  yeast  concentrates,  bioassayed  by 
three  methods.  The  mean  values  obtained  agree  within 
10  to  15  per  cent,  but  the  rat-growth  and  pigeon-weight- 
maintenance  methods  gave  slightly  higher  results  than  the 
curative  methods.  This  may  be  due  to  a  partial  deficiency 
in  the  rat-growth  and  pigeon-weight-maintenance  basal 
diets,  which  was  probably  corrected  by  B  vitamin  factors 


Table  II.  Comparison  of  U.  S.  P.,  Modified  Smith-Curative,  and  Modified  Melnick-Field 

Methods 


Type  of  Sample 

Thiamine 

No.  of 

Range  of  Values  of  Thiamine  Content 

Modified  Modified 

Mean  Difference® 

Melnick- 

Samples 

U.  S.  P. 
y/ml. 

Smith-curative 

y/ml. 

Melnick-Field 

y/ml. 

Smith 

% 

Field 

% 

solutions 

11 

1,100-64,863 

1,100-60,000 

1,140-62,508 

4.4 

5.3 

Elixirs 

Vitamin 

7 

150-31,410 

156-31,410 

159-33,750 

1.4 

6.8 

mixtures 

Wheat  germ 

11 

9-13,140 

8-11,499 

6-11,328 

7.3 

10.5 

extracts 

Liver  extracts 

24 

90-201 

87-216 

87-231 

8.8 

12.6 

fortified 

14 

17-26,667 

15-26,253 

13-25,500 

4.1 

7.9 

Miscellaneous 

9 

42-43,778 

51-37,562 

48-39,072 

13.5 

14.6 

Expressed  as  difference  in  per  cent  of  value  obtained  by  U.  S.  P.  method. 
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present  in  the  wheat  germ  extracts  and  the  yeast  concentrates. 
With  certain  types  of  materials  of  low  potency  the  curative 
methods  are  not  suitable  because  of  the  inherent  difficulty 
of  giving  large  amounts  of  samples  orally  to  polyneuritic 
animals.  Obviously  then,  for  this  type  of  sample,  it  is 
necessary  to  use  the  rat-growth  or  the  pigeon-weight-main¬ 
tenance  methods. 

Comparison  of  the  Modified  Melnick-Field  and 
Thiochrome  Methods.  The  values  obtained  with  these 
two  methods  are  given  in  Table  IV.  An  inspection  of  the 
results  shows  a  very  good  agreement.  In  general,  however, 
the  values  obtained  by  the  thiochrome  method  were  slightly 
lower  than  those  found  with  the  colorimetric  method  except 
in  the  case  of  the  samples  of  thiamine  (at  the  top  of  the  table) 
which  contained  little  or  no  interfering  material. 

In  the  course  of  many  assays,  carried  out  in  this  laboratory 
by  the  colorimetric  method,  the  authors  have  found  the 
reproducibility  of  values  obtained  on  any  given  sample  to  be 
very  good,  while  with  the  thiochrome  method  this  has  not 
always  been  the  case.  With  the  thiochrome  method  a  repeat 
assay  will  occasionally  yield  a  value  15  to  20  per  cent  different 
from  the  original  value  for  no  apparent  cause.  Whether  these 
variations  are  primarily  due  to  faults  in  the  chemical  pro¬ 
cedure  or  to  errors  incurred  in  the  measurement  of  the 
fluorescence  has  not  as  yet  been  definitely  determined.  In 
this  laboratory,  the  colorimetric  method  has  definitely  proved 
to  be  the  more  reliable  of  the  two.  It  is,  however,  less 
sensitive  in  that  it  requires  a  concentration  of  2  to  3  micro¬ 
grams  per  milliliter  while  the  thiochrome  method  can  be 
carried  out  on  a  concentration  of  as  little  as  0.05  microgram 
of  thiamine  per  milliliter.  Further,  in  the  case  of  very 
potent  samples,  the  base  exchange  step  is  unnecessary  be¬ 
cause  the  samples  can  be  diluted  to  the  point  where  inter¬ 
ference  by  foreign  material  is  negligible.  However,  in  cases 
where  the  base  exchange  procedure  must  be  employed,  the 
thiochrome  method  has  no  advantage  over  the  colorimetric 
procedure  with  respect  to  time. 

In  general  the  fluorometric  method  has  been  used  much 
more  extensively  than  the  Melnick-Field  method.  The 
possibility  of  adapting  the  latter  for  the  determination  of 


Table  III.  Comparison  of  Modified  Smith-Curative, 
Growth,  and  Pigeon-Weight-Maintenance  Methods 

Thiamine  Content 

Pigeon-  Mean  Difference3 


Sample 

Modified 

Smith- 

Rat- 

weight- 

main¬ 

W  eight 
main¬ 

No. 

curative 

growth 

tenance 

Growth 

tenance 

y/g - 

y/g- 

y/g- 

% 

% 

95,647 

Wheat  Germ  Extracts 

66  90  81 

+36.4 

+22.7 

93,337 

69 

75 

78 

+  8.7 

+  13.0 

94,287 

72 

75 

72 

+  4.2 

0.0 

93,567 

75 

75 

78 

0.0 

+4.0 

95,507 

75 

90 

81 

+20.0 

+8.0 

93,967 

78 

99 

60 

+  26.9 

-23.1 

95,197 

78 

90 

81 

+  15.4 

+3.9 

95,797 

78 

90 

90 

+  15.4 

+  15.4 

92,716 

90 

75 

102 

-16.7 

+  13.3 

94,907 

90 

90 

75 

0.0 

-16.7 

Mean  (10) 

... 

... 

... 

14.4 

12.0 

94,537 

750 

Yeast  Concentrate 

750  750 

0.0 

0.0 

95,807 

750 

900 

900 

+20.0 

+  20.0 

96,897 

750 

825 

669 

+  10.0 

-10.8 

95,417 

771 

771 

849 

0.0 

+  10.1 

97,097 

800 

800 

600 

0.0 

-25.0 

92,977 

831 

999 

999 

+20.2 

+  20.2 

93,797 

855 

999 

900 

+  16.8 

+  5.3 

94,547 

900 

900 

900 

0.0 

0.0 

95,917 

900 

999 

981 

+  11.0 

+  9.0 

97,087 

999 

800 

750 

-19.8 

-25.0 

Mean  (10) 

• . . 

... 

9.8 

12.5 

°  Expressed  as  difference  in  per  cent  of  value  obtained  by  modified  Smith- 
curative  method. 


Table  IV.  Comparison  of  Modified  Melnick-Field  and 
Thiochrome  Methods 


Thiamine  Content 

Modified 

Melnick- 

Thio- 

Dif- 

— Sample - . 

Field 

chrome 

ference® 

7 /ml. 

7 /ml. 

% 

3,422 

Thiamine  solutions 

5,350 

5,600 

+4.7 

7,962 

23,600 

24,800 

+  0.5 

9,542 

55,400 

56,100 

+  1.3 

92,982 

57,300 

62,000 

+  8.2 

7,072 

111,700 

109,000 

—  2.4 

5,562 

Elixir 

231 

237 

+2.6 

59,471 

99 

105 

+  6.1 

4,092 

Wheat  germ  extract 

191 

181 

—  5.2 

94,472-A 

Yeast  extract 

306 

282 

-7.8 

94,472-B 

348 

336 

-3.4 

99,642 

Liver  extract  fortified 

14.4 

14.0 

-2.8 

1,592 

Vitamin  mixture 

(ABCD) 

2,450 

2,290 

-6.5 

y/g ■ 

y/g- 

65,881 

8,200 

7,150 

-12.8 

70,652 

8,200 

7,750 

-5.8 

74,002 

8,100 

7,400 

-8.6 

88,432 

8,900 

9,000 

+  1.1 

99,582 

Vitamin  B  complex 

4,010 

3,880 

-3.4 

99,592 

3,900 

3,810 

-2.3 

5,572 

3,900 

3,630 

-6.9 

98,482 

Ration  supplement 

4,000 

3,640 

-9.0 

Mean  (20) 

5.1 

3  Expressed  as  difference  in  per  cent  of  values  obtained  by  modified  Mel¬ 
nick-Field  method. 


thiamine  in  samples  of  low  potency  has  not  been  thoroughly 
studied.  The  method  has,  however,  recently  been  adapted 
to  urine  by  Alexander  and  Levi  (I),  and  should  therefore  be 
of  particular  interest  to  laboratories  which  are  not  equipped 
for  measuring  fluorescence. 

Summary 

The  choice  of  a  method  for  the  determination  of  thiamine 
will  be  governed,  in  the  main,  by  the  potency  of  the  samples 
to  be  assayed.  From  the  standpoint  of  pharmaceutical 
preparations,  the  modified  Smith-curative  method  is  prefer¬ 
able  to  the  U.  S.  P.,  rat-growth,  or  pigeon-weight-maintenance 
methods  because  of  the  rapidity  of  obtaining  results.  How¬ 
ever,  if  the  samples  are  low  in  potency,  it  is  necessary  to 
employ  the  rat-growth  or  the  pigeon-weight-maintenance 
method,  because  of  the  difficulty  of  administering  large  doses 
to  a  polyneuritic  rat. 

Good  agreement  was  found  between  the  values  obtained 
with  the  modified  Melnick-Field  and  the  thiochrome  methods. 
The  modified  Melnick-Field  method  has  proved  to  be  the 
more  reliable  of  the  two,  but  the  thiochrome  method  is  more 
sensitive  and  is,  therefore,  the  method  of  choice  for  samples 
of  very  low  potency. 
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Sugar  Determination  in  Starch  Hydrolyzates 

By  Yeast  Fermentation  and  Chemical  Means 

ALFRED  S.  SCHULTZ,  ROBERT  A.  FISHER,  LAWRENCE  ATKIN,  and  CHARLES  N.  FREY 
The  Fleischmann  Laboratories,  Standard  Brands  Incorporated,  New  York,  N.  Y. 


THE  quantitative  analysis  of  mixtures  containing  dex¬ 
trose,  maltose,  and  dextrins  resulting  from  starch  de¬ 
composition  is  one  of  the  most  difficult  problems  in  organic 
analytical  chemistry.  A  majority  of  the  analytical  methods 
are  based  upon  the  chemical  reducing  power  of  these  hydro¬ 
lyzed  starch  products,  and  are  subject  to  certain  errors  due 
to  lack  of  specificity.  In  the  last  two  decades,  however, 
methods  have  been  devised  which  utilize  the  remarkable 
selectivity  exhibited  by  certain  cultures  of  yeast  and  bacteria 
in  respect  to  their  fermentative  action  upon  sugars  (8,  4,  7, 
9,  11).  These  biological  methods  appear  to  be  more  specific 
than  any  purely  chemical  procedure.  A  direct  comparison 
between  biological  and  chemical  analyses  has  not  heretofore 
been  made.  In  the  present  communication  the  authors  have 
attempted  such  a  comparison  in  the  determination  of  dextrose 
and  maltose  in  a  series  of  commercial  starch  hydrolyzates 
and  in  the  successive  steps  of  an  acid  hydrolysis  of  starch. 
The  latter  work  showed  that  certain  sugar  curves  which  have 
stood  for  45  years  as  a  classic  picture  of  the  relative  composi¬ 
tion  of  starch  solutions  during  acid  conversion  may  be  in 
error. 

The  biological  method  used  was  developed  at  this  labo¬ 
ratory,  and  depends  upon  the  measurement  of  carbon  dioxide 
evolved  during  fermentation  of  sugar  by  yeast.  The  chemi¬ 
cal  method  chosen  is  of  the  copper  reduction  type  which 
Sichert  and  Bleyer  (8)  adapted  for  the  analysis  of  commercial 
starch  sirups  and  malt  extracts. 

Biological  Method 


Two  bottles  are  used  for  a  “standardization  curve”,  one  con¬ 
taining  0.5  gram  of  c.  p.  grade  dextrose,  the  other  1  gram.  An 
amount  of  the  unknown  which  contains  between  0.5  and  1  gram 
of  fermentable  sugar  is  weighed  or  pipetted  into  another  reaction 
bottle.  If  the  unknown  is  low  in  sugar,  0.5  gram  of  dextrose 
may  be  superimposed  upon  it.  The  total  volume  in  each  bottle 
should  now  be  adjusted  to  40  ml.  by  the  addition  of  distilled 
water.  When  these  preparations  are  complete,  10  ml.  of  a  10  per 
cent  suspension  of  yeast  are  pipetted  into  each  bottle.  The 
bottles  are  then  immediately  connected  to  the  gasometers. 
Fermentation  is  assumed  to  be  complete  when  no  more  carbon 
dioxide  is  evolved  during  a  15-minute  period.  The  difference 
between  the  amounts  of  carbon  dioxide  produced  by  0.5  and  1 
gram  of  pure  dextrose  is  used  to  calculate  the  sugar  content  of  the 
unknown.  Dextrose  is  used  as  a  standard  throughout  because 
it  has  been  established  that  the  fermentation  of  maltose  hydrate 
or  dextrose  by  baker’s  yeast  will  produce  identical  volumes  of 
carbon  dioxide. 


Chemical  Method 

Barfoed  (1)  in  1873  formulated  a  copper  acetate  reagent  that 
is  not  reduced  to  any  great  extent  by  disaccharides.  This  re¬ 
agent  was  adapted  for  quantitative  use  by  Steinhoff  {10),  who 
substituted  sodium  acetate  for  acetic  acid  and  estimated  cuprous 
oxide  volumetrically  with  iodine  and  thiosulfate.  In  the  present 
work,  the  authors  have  used  Sichert  and  Bleyer’s  (5)  modification 
of  Steinhoff’s  method,  worked  out  for  the  analysis  of  acid  or 
enzymically  hydrolyzed  starch  products.  In  brief,  to  determine 
dextrose,  they  reduce  copper  held  in  an  acetate  complex  in  a  sugar 
solution  by  heating  the  reagent  beaker  for  20  minutes  in  a  boiling 
water  bath.  Precipitated  cuprous  oxide  is  filtered  on  an  asbestos 
mat  in  a  Gooch  crucible.  After  being  washed  with  hot  water 
(60°  to  80°  C.),  the  mat  is  transferred  to  the  reaction  beaker  and 
stirred  in  an  acidified  ferric  alum  solution  until  the  oxide  is  com¬ 


The  yeast  fermentation  method  used  is  based  upon  the  pro¬ 
cedure  outlined  by  Schultz  and  Kirby  (7),  who  determined  fer¬ 
mentable  sugars  by  measuring  carbon  dioxide  evolved.  Meas¬ 
urements  are  made  with  the  fermentometer  designed  by  Schultz, 
Atkin,  and  Frey  (6),  which  consists  essentially  of  a  series  of 
twelve  120-ml.  wide-mouthed  reaction  bottles  connected  by 
means  of  pressure  tubing  to  twelve  260-ml.  gas  burets  or  “gas¬ 
ometers”.  The  bottles  are  shaken  at  110  cycles  per  minute  in  a 
cradle  immersed  in  a  30°  C.  constant-temperature  water  bath. 
Fleischmann  enriched  baker’s  yeast  is  used  to  ferment  the  com¬ 
mon  sugars — i.  e.,  dextrose,  fructose,  sucrose,  and  maltose.  A 
special  yeast,  Fleischmann  Hi-Bi  No.  2019,  is  used  to  ferment  all 
the  above  sugars  except  maltose.  The  difference  in  the  total 
sugars  fermented  by  the  two  yeasts  therefore  represents  maltose. 
That  part  of  the  dextrin  or  starch  sub- 
ject  to  attack  by  /3-amylase 
may  be  determined  by  adding  a  source  — 
of  jS-amylase  such  as  soy,  barley,  or 
wheat  flour  to  the  baker’s  yeast  fer¬ 
mentation. 

Subtracting  from  the  total  ferment- 
ables  thus  obtained  the  quantity  of  dex¬ 
trose  and  maltose  previously  determined  Product 

in  the  original  product,  one  is  provided 
with  a  measure  of  the  “/3-amylase- 
attackable  substances”. 

Each  bottle,  before  the  addition  of 
sugar  and  yeast,  contains  the  following 
yeast  nutrients: 


pletely  dissolved.  The  ferrous  ion  produced  by  reaction  with 
cuprous  oxide  is  titrated  with  standardized  0.1  A  potassium  per¬ 
manganate.  Dextrose  and  maltose  are  determined  together  as 
dextrose  equivalent  with  the  more  alkaline  Fehling’s  solution  in  a 
similar  manner.  Milligrams  of  dextrose,  value  A,  equivalent  to 
milliliters  of  0.1  N  potassium  permanganate  can  be  found  in 
Sichert  and  Bleyer’s  copper  acetate  table.  The  dextrose  equiva¬ 
lent,  value  B,  is  given  by  Sichert  and  Bleyer’s  Fehling’s  solution 
table.  Thus  maltose  =  2{B  —  A). 

In  place  of  the  boiling  water  bath,  the  authors  found  it  more 
convenient  to  use  an  Arnold  steam  sterilizer,  adjusting  the  time 
of  heating  to  11  minutes  by  testing  with  pure  sugars,  so  that 
they  could  use  Sichert  and  Bleyer’s  own  tables. 


Table  I.  Assay  of  Commercial  Starch  Hydrolyzates 


malt 


0.5  ml.  of  MgS04.7H20  (150  mg.  per  ml.) 
0.5  ml.  of  KC1  (100  mg.  per  ml.) 

2.5  ml.  of  phosphate  buffer  (pH  6.0  to  6. 
containing  per  liter: 

180  grams  of  NH4H2PO4 
72  grams  of  (NH^HPCh 
0.2  gram  of  nicotinic  acid 


5) 


Total 

Sugar, 

Fermen¬ 

Dextrose 

Fermen-  Chemical, 

Maltose  Hydrate 

0-Amylase 

Con¬ 

vertible, 

tation, 

tation, 

copper 

Fermen¬ 

Differ¬ 

Fermen¬ 

Yeast  1° 

yeast  II & 

acetate 

tation 

Chemical 

ence 

tation 

% 

% 

% 

% 

% 

%  ■ 

% 

60. 8C 

5.8 

6.1 

55.0 

56.3 

1.3 

1.9 

60.0 

29.6 

28.8 

30.4 

32.4 

2.0 

6.7 

55.0 

2.7 

4.2 

52.3 

56.5 

4.2 

7.6 

34.8 

16.9 

17.5 

17.9 

32.1 

14.2 

28.7 

13.8 

2.8 

3.9 

11.0 

23.0 

12.0 

36 . 5 

38.0 

18.6 

19.8 

19.4 

35.0 

15 . 6 

38.5 

16.3 

6.3 

6.9 

10.0 

24.4 

14.4 

56.3 

Malt  sirup 
Acid  and 
sirup 

Malt  sirup 
Corn  sirup 
Dried  low-conver¬ 
sion  malt  sirup 
F  Dried  corn  sirup 
G  Dried  low-conver¬ 
sion  malt  sirup 

a  Fleischmann  enriched  baker’s  yeast,  ferments  common  sugars. 
b  Fleischmann  Hi-Bi  No.  2019,  ferments  common  sugars,  but  not  maltose. 
c  All  products  analyzed  on  “as  is”  basis. 
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Experimental 

A  group  of  seven  commercial  starch  hydrolyzates  which 
are  in  common  use  in  the  baking  industry  was  analyzed  by 
both  the  yeast  fermentation  and  chemical  methods.  The 
results  of  these  assays  are  presented  in  Table  I. 


Figure  1.  Acid  Hydrolysis  of  Cornstarch 

Per  cent  sugars  on  dry  basis  of  starch 

A.  Dextrose  by  yeast  fermentation  method 

B.  M  altose  by  chemical  method 

C.  Maltose  by  yeast  fermentation  method 


The  data  on  the  acid  hydrolysis  of  starch  given  in  Figure  1 
were  obtained  in  the  following  manner : 

A  group  of  100-ml.  volumetric  flasks,  each  containing  5  grams 
of  cornstarch  suspended  in  50  ml.  of  distilled  water  to  which 
varying  amounts  of  dilute  hydrochloric  acid  had  been  added,  was 
autoclaved  for  2  hours  at  a  pressure  9.1  kg.  (20  pounds)  in  excess 
of  atmospheric  pressure.  When  the  suspensions  had  been 
cooled,  neutralized,  and  diluted  to  volume,  they  were  analyzed 
for  dextrose  and  maltose  by  each  of  the  two  methods  described. 

Discussion 

The  results  of  analyses  of  commercial  starch  hydrolyzates 
(Table  I)  by  chemical  and  by  fermentation  methods  do  not 
agree,  particularly  in  the  detennination  of  maltose.  The 
difference  is  evidently  due  to  the  interference  of  malto-dextrin, 
or  reducing  dextrin,  formed  by  the  incomplete  hydrolysis 
of  starch.  Fehling’s  solution  cannot  be  used  to  distinguish 
maltose  or  dextrose  from  these  other  reducing  substances. 
One  may  obtain  a  measure  of  the  quantity  of  such  reducing 
dextrins  in  a  product  by  fermenting  it  with  baker’s  yeast 
in  the  presence  of  /3-amylase,  as  previously  described.  A 
comparison  of  columns  4  through  7  in  Table  I  will  show  a 
general  relationship  between  the  amount  of  starch  or  dextrin 
which  can  be  converted  to  fermentable  sugar  by  /3-amylase 
and  the  reducing  power  these  substances  are  able  to  exert 
upon  Fehling’s  solution.  The  difference  between  the  results 
of  the  two  methods  for  product  A  is  1.3  per  cent  and  the 
amount  of  /3-amylase-convertible  starch  is  1.9  per  cent.  In 
product  G,  however,  in  which  the  /3-amylase-convertible 
starch  is  56.3  per  cent,  the  difference  between  the  two  methods 
rises  to  14.4  per  cent. 

The  chemical  method  also  tends  to  produce  higher  values 
for  dextrose  and  this  may  be  attributed  to  the  slight  reducing 
action  caused  by  maltose  on  the  copper  acetate  reagent. 
This  is  especially  noticeable  when  maltose  is  present  in  large 
quantities. 

Sichert  and  Bleyer’s  chemical  method  is  claimed  to  be 
adequate  for  use  in  analyzing  products  of  starch  decomposi¬ 
tion.  It  is  satisfactory  for  this  purpose,  however,  only  under 


limited  conditions — namely,  when  the  product  under  con¬ 
sideration  contains  a  very  small  proportion  of  reducing 
dextrin.  Sichert  and  Bleyer  (8)  analyzed  a  sirup  of  this 
type,  and  found  that  it  contained  89.5  per  cent  dextrose 
(dry  basis)  and  only  1.7  per  cent  maltose  and  1.3  per  cent 
dextrin.  This  is  obviously  not  typical  of  a  commercial  starch 
sirup. 

For  many  years  it  has  been  customary  to  use  the  term 
“maltose”  to  describe  both  maltose  and  dextrins  which  reduce 
Fehling’s  solution,  and  also  mixtures  of  the  two.  Whenever 
the  analytical  method  is  not  specific  for  maltose,  some 
qualifying  phrase  should  be  used,  such  as  “maltose  equiv¬ 
alent”,  “maltose  plus  malto-dextrins”,  etc.  This  distinction 
should  be  emphasized  as  much  as  possible  because  the  use  of 
“maltose”  alone  may  be  misleading.  The  availability  of 
methods  specific  for  maltose  makes  anything  else  obsolete. 

Rolfe  and  Defren  ( 2 ,  5)  produced  curves  designed  to  de¬ 
scribe  the  composition  of  a  starch  mixture  in  terms  of  dextrose 
and  “maltose”  at  any  time  during  acid  conversion  (Figure  2). 
They  determined  sugars  by  a  combination  of  copper  reduc¬ 
tion  and  polarimetric  methods,  which  apparently  could  not 
distinguish  between  true  maltose  and  reducing  dextrins. 
The  results  of  the  authors’  attempt  to  reproduce  Rolfe  and 
Defren’s  curves  are  shown  in  Figure  1.  Since  the  data 
obtained  for  dextrose  content  were  nearly  identical  for  both 
methods,  only  the  fermentation  curve  for  this  sugar  is  re¬ 
produced.  The  “maltose”  maximum  attained  by  chemical 
analysis  of  the  authors’  starch  conversion  series  was  43  per 
cent  which  is  lower  than  Rolfe  and  Defren’s  maximum  of 
47  per  cent,  but  close  enough  to  show  the  similarity  between 
the  two  methods  used.  The  contrast  between  these  maxima 
obtained  by  chemical  means  and  the  highest  point  on  the  true 
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Figure  2.  Acid  Hydrolysis  of  Starch  by  Rolfe  and  Defren 

(5) 

Per  cent  sugars  on  dry  basis  of  starch  by  chemical-polarimetric  method 

A.  Dextrose 

B.  Maltose 


maltose  curve,  25.2  per  cent  as  determined  by  fermentation 
analysis,  is  a  graphic  demonstration  of  the  wide  difference 
between  the  two  types  of  methods.  This  is  in  substantial 
agreement  with  work  done  in  1925  by  Nanji  and  Beazeley 
(4),  who,  using  a  combined  yeast  fermentation-specific 
rotation  method  of  their  own,  obtained  a  maximum  of  29 
per  cent  maltose  in  analyzing  a  potato  starch  conversion. 

Summary 

A  number  of  commercial  starch  hydrolyzates  were  an¬ 
alyzed  for  dextrose  and  maltose  by  measuring  carbon  dioxide 
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produced  by  yeast  fermentation,  and  by  the  Sichert  and 
Bleyer  chemical  method.  Both  methods  gave  satisfactory 
results  in  determining  dextrose,  but  only  the  biological 
method,  because  of  its  high  specificity,  could  be  relied  upon 
in  analyzing  for  maltose.  The  chemical  method  is  un¬ 
reliable  for  the  determination  of  maltose  in  the  presence  of 
the  reducing  dextrins  which  occur  in  both  acid  and  enzyme- 
hydrolyzed  starch  products.  ^-Amylase  can  be  used  to  give 
an  indication  of  the  amount  of  such  reducing  dextrins. 

The  two  methods  applied  to  the  analysis  of  the  course  of 
acid  hydrolysis  of  starch  showed  that  the  longstanding  work 
of  Rolfe  and  Defren  is  in  error,  owing  to  the  lack  of  specificity 
of  Fehling’s  solution  for  the  determination  of  maltose  in  the 
presence  of  reducing  dextrin. 
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Gas-Absorption  Apparatus 

LUTHER  BOLSTAD  AND  RALPH  E.  DUNBAR,  North  Dakota  Agricultural  College,  Fargo,  N.  Dak. 


DURING  a  series  of  acetylation  studies  with  ketene  it  be¬ 
came  necessary  to  devise  a  compact,  flexible,  and 
efficient  type  of  absorption  apparatus  that  would  provide 
intimate  and  prolonged  contact  of  the  gas  with  the  liquid 
reactant.  After  testing  several  arrangements  of  the  tradi¬ 
tional  absorption  equipment,  the  piece  of  apparatus  shown  in 
Figure  1  was  constructed  and  has  been  found  to  be  thoroughly 
satisfactory.  The  arrangement  can  be  used  for  the  absorp¬ 
tion  of  other  gases  under  similar  conditions.  The  use  of  the 
glass-bead  column  was  suggested  by  Shaw  ( 1 )  but  this  equip¬ 
ment  is  sufficiently  different  to  justify  description. 


A  6-cm.  piece  of  6-mm.  glass  tubing,  A,  is  sealed  endwise  to  a 
10-cm.  piece  of  12-mm.  glass  tubing,  B.  Four  small  oblong  holes, 
C,  of  approximately  4-mm.  diameter,  are  blown  in  the  larger  tube 
just  above  the  point  of  sealing.  A  6-cm.  length  of  20-mm.  glass 
tubing,  D,  is 
then  sealed  to 
B,  just  above 
the  four  open¬ 
ings.  D  should 
not  reach  to  the 
lower  level  of  A 
by  some  1  or 
2  cm.,  in  order 
to  provide  the 
correct  circulat¬ 
ing  operation 
when  the  com¬ 
pleted  equip¬ 
ment  is  in  use. 

This  arrange¬ 
ment  provides 
two  concentric 
tubes,  A  and  D, 
with  B  extend¬ 
ing  above  the 
other  two  as 
shown.  The 
upper  end  of  B 
should  be  at¬ 
tached  to  |an 
efficient  reflux 
condenser  dur¬ 
ing  operation, 
by  means  of  a 
rubber  or 
g  r  o  und-glass 
connection.  The 
space  between 
A  and  D  is  then 
nearly  filled  with 
solid  glass  beads 


Figure  1 


and  enough  constrictions  are  formed  at  the  lower  end  of  D  to 
hold  the  glass  beads  in  place.  B  is  inserted  through  the  opening 
of  a  one-hole  stopper  that  closes  a  125-ml.  filtering  flask,  E. 
The  accompanying  illustration  shows  all  these  essential  features. 
Proportionate  changes  in  dimensions  may  be  made,  so  that 
this  equipment  can  be  used  with  any  available  size  or  type 
of  filtering  flask. 

The  gas  to  be  absorbed  is  then  introduced  through  the  side  arm, 
F,  of  the  filtering  flask.  The  lower  end  of  D  should  dip  just  be¬ 
low  the  surface  of  the  liquid  absorbent.  As  the  pressure  within 
the  flask  increases,  the  liquid  is  forced  up  A  and  D,  until  a  few 
bubbles  enter  the  glass-bead  column.  Here  a  percolating  effect  is 
produced,  as  gas  and  liquid  ascend  through  the  glass  beads.  A 
large  portion  of  the  resulting  solution  returns  through  A .  As  the 
volume  of  the  liquid  increases,  owing  to  the  absorption  of  gas, 
the  same  relative  positions  of  liquid  to  absorption  apparatus  may 
be  maintained  by  raising  the  glass  tubes  through  the  supporting 
stopper. 

This  piece  of  equipment  differs  materially  from  that  de¬ 
signed  by  Shaw  ( 1 )  in  the  following  major  respects.  It  was 
constructed  to  handle  relatively  large  volumes  of  liquids  or 
solutions  and  highly  concentrated  gases  in  small  volumes, 
rather  than  small  volumes  of  liquids  and  large  volumes  of 
dilute  gases.  It  has  been  employed  in  the  preparation  of 
numerous  organic  acetates  in  yields  of  better  than  90  per  cent 
of  the  theory,  and  in  quantities  of  better  than  40  grams  of  the 
final  acetate.  The  absorption  apparatus  has  operated  con¬ 
tinuously  for  20  hours  or  more  without  further  adjustment, 
except  the  raising  of  the  absorption  tube  in  relation  to  the 
liquid  in  the  filtering  flask.  The  rate  of  flow  of  ketene  was 
0.07  mole  per  hour  (3  to  4  liters  of  mixed  pyrolysis  gases), 
although  any  slower  perceptible  rate  of  flow  would  be  ab¬ 
sorbed  with  the  same  quantitative  efficiency.  The  average 
back  pressure  during  operation  is  50  to  60  mm.  of  water, 
which  is  readily  counterbalanced  by  any  closed  traditional 
gas  generator. 

A  further  advantage  of  this  equipment  is  that  precipitates, 
produced  by  reaction  between  gas  and  liquid,  do  not  clog  or 
hinder  the  operation,  since  there  are  no  small  openings  to 
become  clogged.  In  case  the  gases  employed  are  less  soluble 
than  ketene,  the  length  of  the  glass-bead  column  may  be  ex¬ 
tended  to-  permit  longer  contact  between  the  gas  and  liquid 
solvent.  The  entire  piece  of  equipment  is  relatively  cheap 
and  can  be  constructed  by  any  efficient  glass  blower  from  ma¬ 
terials  readily  available  in  any  laboratory. 
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Determination  of  Tetraethyllead  in  Gasoline 

LOUIS  SCHWARTZ,  Tide  Water  Associated  Oil  Co.,  Associated,  Calif. 


A  procedure  for  the  rapid  determination  of 
tetraethyllead  in  gasoline,  based  on  modifi¬ 
cations  of  the  Baldeschwieler  (2)  nitric  acid 
method,  is  described.  By  using  40  per  cent 
nitric  acid  containing  6  per  cent  potassium 
chlorate  and  a  separatory  funnel,  complete 
extraction  of  the  lead  is  effected  in  8  min¬ 
utes  with  clean-cut  separations  and  negligi- 

THE  production  of  maximum  quantities  of  high-octane 
aircraft  engine  fuels  necessitates  the  use  of  tetraethyllead 
to  the  top  limits  of  the  permissible  tetraethyllead  content. 
To  facilitate  the  commercial  blending  of  gasolines  to  these 
top  limits,  an  accurate  and  rapid  method  for  the  determination 
of  tetraethyllead  is  required. 

The  present  A.  S.  T.  M.  method  ( 1 )  and  the  nitric  acid  ex¬ 
traction  method  proposed  by  Baldeschwieler  (2)  require  from 
3  to  4  hours  to  complete  a  lead  determination.  The  number 
of  tests  that  can  be  run  at  one  time  by  the  A.  S.  T.  M.  method 
is  also  limited  by  the  extractors  available.  The  disad¬ 
vantages  of  these  and  other  proposed  methods  are  the  time 
required  for  extraction  and  the  necessity  of  oxidizing  organic 
matter  which  is  extracted  with  the  lead.  The  possibility 
of  loss  of  lead  in  extraction  at  higher  temperatures  is  recog¬ 
nized  in  provision  for  the  use  of  a  heavy  solvent  in  the 
A.  S.  T.  M.  method. 

This  paper  describes  an  extraction  procedure  and  lead 
determination  methods  which  overcome  the  disadvantages 
of  previous  methods.  The  total  time  of  test  is  usually  less 
than  one  hour.  Clean-cut  separations  in  the  extraction  are 
obtained  almost  instantaneously,  complete  removal  of  the 
lead  is  effected  within  8  minutes,  and  without  further  oxida¬ 
tion  of  organic  matter  the  lead  may  be  completely  precipitated 
as  chromate. 

The  method  is  a  modification  of  Baldeschwieler’s  nitric 
acid  extraction  procedure  (2),  replacing  concentrated  nitric 
acid  with  a  1.2  to  1  nitric  acid  solution  saturated  with  potas¬ 
sium  chlorate  and  containing  a  trace  of  copper  nitrate. 
The  extracted  lead  is  determined  by  a  volumetric  oxidation- 
reduction  reaction  after  precipitation  as  lead  chromate. 

Preparation  of  Extraction  Solution 

Measure  550  ml.  of  concentrated  nitric  acid  (specific  gravity 
1.42)  into  a  tall  1000-ml.  G.  G.  S.  cylinder,  introduce  78  grams  of 
potassium  chlorate,  stopper  securely,  and  shake  vigorously  until 
most  of  the  potassium  chlorate  is  dissolved.  Add  450  ml.  of 
water  and  shake  again  until  solution  is  complete.  Dissolve  0.1 
gram  of  sheet  copper  in  a  small  beaker  with  a  minimum  of  nitric 
acid  and  evaporate  to  sirupy  consistency.  Dissolve  the  con¬ 
tents  with  a  little  of  the  extraction  solution  and  rinse  into  the  main 
portion.  Mix  until  uniform.  A  solution  so  prepared  will  have  a 
specific  gravity  of  1.30  at  21°  C.  (70°  F.)  and  will  contain  ap¬ 
proximately  40  per  cent  of  nitric  acid  by  weight  and  6  per  cent 
by  weight  of  potassium  chlorate. 

Note:  A  private  communication  from  W.  M.  Basch,  Stand¬ 
ard  Oil  Development  Co.,  indicates  that  for  gasolines  rich  in  un¬ 
saturates  better  results  were  obtained  in  his  laboratory  by  adding 
an  excess  of  potassium  chlorate  to  the  nitric  acid  solution  and 
allowing  the  mixture  to  stand  approximately  5  to  7  days  before 
using. 

Procedure 

Add  15  ml.  of  the  nitric  acid-potassium  chlorate  solution  to  100 
ml.  of  gasoline  in  a  500-ml.  separatory  funnel.  Stopper  securely 


ble  heat  rise  even  with  100  per  cent  cracked 
gasolines.  The  amount  of  lead  is  deter¬ 
mined  in  the  extractions  by  either  volu¬ 
metric  or  gravimetric  methods.  When 
frequent  determinations  are  to  be  made,  a 
preferred  volumetric  chromate  method  is 
recommended  as  more  rapid  than  the  gravi¬ 
metric  methods  described. 


and  shake  gently  at  first,  releasing  the  pressure  frequently,  then 
shake  more  vigorously  for  3  minutes  until  no  further  reaction 
is  noticeable  and  the  gasoline  layer  becomes  perfectly  clear. 
Allow  to  settle  for  1  minute,  then  draw  off  the  acid  layer  into  a 
500-ml.  Erlenmeyer  flask.  Repeat  the  extraction  twice,  reduc¬ 
ing  the  shaking  periods  to  1  minute. 

From  this  point  the  lead  may  be  determined  by  any 
standard  procedure  for  lead  determination,  but  methods 
permitting  greater  speed  without  sacrifice  of  accuracy  are 
to  be  preferred.  Descriptions  of  the  volumetric  and  gravi¬ 
metric  chromate  methods  and  of  the  lead  sulfate  method  are 
presented  because  of  modifications  which  speed  up  the 
determination  and  maintain  its  accuracy.  This  laboratory 
recommends  the  volumetric  chromate  method,  when  frequent 
determinations  are  necessary,  as  it  is  the  most  rapid. 

Volumetric  Determination  as  Chromate.  Evaporate  the 
combined  extracts  just  to  crystallization  (do  not  take  to  com¬ 
plete  dryness).  Add  about  100  ml.  of  hot  water  and  heat  to 
boiling.  Allow  to  cool  for  a  few  seconds.  Neutralize  with  am¬ 
monium  hydroxide  to  the  characteristic  deep  blue  of  the  cupram- 
monium  compound  and  add  2  ml.  in  excess.  Acidify  with  acetic 
acid  and  add  1  ml.  in  excess.  Bring  to  a  boil  and  add  10  ml.  of 
5  per  cent  potassium  dichromate  solution.  Digest  on  the  hot 
plate  for  7  minutes.  Filter  through  a  Gooch  crucible  and  wash 
thoroughly  with  hot  water,  then  with  three  portions  of  about  5 
ml.  each  of  acetone,  followed  by  a  similar  ethyl  ether  wash  to  re¬ 
move  organic  matter  which  may  impede  the  subsequent  solu¬ 
tion  of  the  precipitate.  Dry  for  a  few  minutes  at  100°  C.  until 
no  odor  of  ether  is  noticeable. 

Transfer  the  Gooch  crucible  to  a  clean  500-ml.  suction  flask. 
Dissolve  the  lead  chromate,  using  suction,  with  150  ml.  of  a 
solution  obtained  by  adding  200  ml.  of  hydrochloric  acid  (specific 
gravity  1.19)  and  350  ml.  of  water  to  1  liter  of  filtered  saturated 
commercial  sodium  chloride  solution.  Make  up  to  250  ml.  with 
cold  water.  Introduce  2  grams  of  solid  potassium  iodide  crystals, 
gently  swirl  the  flask  to  dissolve  the  potassium  iodide,  and  titrate 
the  liberated  iodine  immediately  with  0.04  N  sodium  thiosulfate 
solution  until  the  yellow  color  due  to  the  free  iodine  is  very  faint. 
Then  add  2  ml.  of  starch  solution  and  complete  the  titration  to  a 
clear  green  end  point. 

Gravimetric  Determination  as  Chromate.  Where  gravi¬ 
metric  determination  is  desired,  proceed  as  above  through  diges¬ 
tion  on  the  hot  plate.  Filter  through  a  tared  Gooch  crucible  and 
wash  thoroughly  with  hot  water,  then  with  three  5-ml.  portions 
of  acetone,  followed  by  a  similar  ethyl  ether  wash.  Dry  for  a 
few  minutes  at  100°  C.  until  no  odor  of  ether  is  noticeable.  Cool 
and  weigh. 

Gravimetric  Determination  as  Sulfate.  If  it  is  desired  to 
determine  the  lead  gravimetrically  as  lead  sulfate,  draw  off  the 
extract  into  a  400-ml.  beaker  instead  of  an  Erlenmeyer  flask, 
add  9  ml.  of  concentrated  sulfuric  acid  to  the  combined  ex¬ 
tracts  in  the  beaker,  and  evaporate  to  fumes  on  a  hot  plate. 
If  any  charring  occurs  add  cautiously  (one  drop  at  a  time  to 
avoid  spattering)  concentrated  nitric  acid  which  is  saturated 
with  potassium  chlorate  until  no  trace  of  charring  is  observed 
when  brought  to  copious  fumes.  Allow  to  cool,  add  about  5  ml. 
of  cold  water,  and  evaporate  again  to  the  fuming  point.  Allow 
to  cool  for  about  2  minutes,  add  70  ml.  of  lead  acid  (S),  and  heat 
to  boiling.  The  lead  acid  is  a  dilute  sulfuric  acid  saturated 
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Table  I.  Time  Required  for  Complete  Extraction  of 

Lead 

Time  of 

Tetraethyllead 

Shaking 

Extracted 

Min. 

Ml. /gal. 

1st  Shaking 

3 

3.76 

2nd  Shaking 

1 

0.18 

3rd  Shaking 

1 

0.01 

4th  Shaking 

I 

0.00“ 

Total 

6 

3.95 

a  Complete  removal  of  lead  was  effected  in  three  extractions  on  all  samples 
tested. 


with  lead  sulfate.  Filter  through  a  tared  Gooch  crucible  as 
soon  as  the  solution  is  cooled  to  room  temperature.  Wash  thor¬ 
oughly  with  the  lead  acid,  then  with  three  5  ml.  portions  of 
acetone,  followed  by  a  similar  ethyl  ether  wash.  Dry  for  a  few 
minutes  at  100°  C.  until  no  odor  of  ether  is  noticeable.  Weigh 
when  cool. 


Standard  Lead  Nitrate  Solution 

In  the  determination  of  lead  by  the  volumetric  chromate 
method  it  is  customary  to  standardize  the  thiosulfate  solution 
accurately  against  pure  lead  nitrate.  The  method  used  in 
this  laboratory  is  as  follows : 

Dissolve  7.1808  grams  of  c.  p.  lead  nitrate  in  water  containing 
5  ml.  of  nitric  acid  and  make  up  to  exactly  1  liter  in  a  volumetric 
flask.  For  standardization  of  a  sodium  thiosulfate  solution 
(preferably  0.04  N),  pipet  25  ml.  of  the  standard  lead  nitrate 
solution  into  a  500-ml.  Erlenmeyer  flask.  Add  45  ml.  of  the 
nitric  acid-potassium  chlorate  solution  and  evaporate  to  crystal¬ 
lization  under  a  hood.  Remove  from  the  heat,  add  100  ml.  of 
hot  water,  and  finish  the  test  exactly  as  described  for  the  volu¬ 
metric  determination. 

On  the  basis  of  100  ml.  of  gasoline  taken  for  a  test,  25.0  ml.  of 
the  standard  lead  nitrate  solution  are  equivalent  to  4.00  ml.  of 
tetraethyllead  per  gallon.  The  calculation  would  therefore  be: 

Ml.  of  Na2S203  X  K  =  ml.  of  tetraethyllead  per  gallon 

X.  v  4.00 

wnere  A  =  — ; — r  ,T — - 
ml.  of  Na2S203 

The  sodium  thiosulfate  solution  should  age  for  at  least  one 
week  before  standardization  and  should  be  checked  about  once 
each  month. 


Table  II.  Typical  Comparative  Results 


Tetraethyllead  by 


Tetraethyl  lead 

Nitric  Acid-Chlorate  Method 

Acid 

by  A.  S.  T.  M. 

Chromate 

Chromate 

Sulfate 

Gasoline 

Heat 

Method2 

volumetric 

gravimetric 

gravimetric 

°  F. 

Ml.  /gal. 

Ml. /gal. 

Ml. /gal. 

Ml./gal. 

A 

100 

0.25 

0.25 

0.26 

0.26 

B 

111 

2.60 

2.61 

2.62 

2.62 

C 

24 

2.99 

3.00 

3.00 

2.99 

D 

1 

3.99 

3.99 

4.00 

4.01 

Average  time  for 

test,  hours 

3-4 

0.5 

0.75 

1 

2  Extracted  and  weighed  as  lead  chromate  in  accordance  with  A.  S.  T.  M. 
method  (I). 


Discussion 

While  1.2  to  1  nitric  acid  solution  saturated  with  potas¬ 
sium  chlorate  was  found  to  be  best  suited  to  the  average 
type  of  gasoline  tested  in  this  laboratory,  stronger  or  weaker 
solutions  may  be  more  advantageous,  depending  upon  the 
particular  type  of  gasoline  most  frequently  tested.  When 
employing  a  stronger  solution  on  straight-run  gasolines  the 
initial  shaking  period  of  3  minutes  can  be  reduced  consider¬ 
ably.  However,  a  concentration  weaker  than  one  volume 
of  acid  to  one  volume  of  water  will  necessitate  a  longer  period 
for  the  first  shaking.  An  0.9  to  1  solution  of  nitric  acid 
saturated  with  potassium  chlorate  will  take  about  10  min¬ 
utes  for  the  first  shaking. 


With  100-octane  and  similar  gasolines,  which  are  colored 
green  or  blue,  the  breaks  between  the  gasoline  and  acid  layer 
are  so  clean-cut  that  it  is  sometimes  difficult  to  see  the  line  of 
separation.  In  such  cases  it  is  advisable  to  add  1  drop  of 
oil-soluble  red  dye.  The  red  dye  is  stable,  while  the  green 
and  blue  dyes  fade. 

The  time  required  for  complete  decomposition  and  ex¬ 
traction  has  been  determined  on  a  sample  of  100-octane 
gasoline  containing  3.95  ml.  of  tetraethyllead  per  gallon  with 
results  as  shown  in  Table  I. 

The  time  required  for  a  completed  lead  determination 
has  been  reduced  from  4  hours  to  less  than  1  hour.  The 
important  contributing  factors  are : 

1.  The  improved  extraction  method  reduces  the  time  for  com¬ 
plete  removal  of  the  lead  to  8  minutes  as  compared  with  1  hour 
by  the  hydrochloric  acid  extraction  or  1.5  hours  by  the  Baldesch- 
wieler  method.  Further  time  is  saved,  owing  to  the  smaller 
volume  of  extract  to  evaporate  (approximately  45  ml.  in  this 
method,  150  ml.  in  the  hydrochloric  acid  method,  and  80  ml.  in 
the  Baldeschwieler  method) . 

2.  The  use  of  the  thiosulfate  titration  eliminates  the  drying, 
ignition,  and  weighing  of  precipitates  necessary  in  the  usual 
gravimetric  methods. 


Table  III.  Heat  Rise  of  Cracked  Gaso likes 


Gasoline 

Gasoline  Temperature  after  Shaking 

Temperature 

After 

After 

After 

Acid 

before 

1st 

2nd 

3rd 

Gasoline 

Heat 

Shaking 

shaking 

shaking 

shaking 

0  F. 

0  F. 

°  F. 

°  F. 

0  F. 

F  2 

120 

60 

70 

70 

70 

G  b 

120 

71 

80 

79 

78 

K  c 

88 

76 

92 

89 

88 

L  4 

97 

75 

91 

88 

84 

a  Unleaded  catalytically  cracked  gasoline. 

b  Prepared  by  adding  3  ml.  of  tetraethyllead  per  gallon  to  gasoline  F. 
c  Cracked  gasoline,  containing  0.54  ml.  of  tetraethyllead  per  gallon. 
d  Cracked  gasoline  containing  2.98  ml.  of  tetraethyllead  per  gallon. 


Time-saving  is  also  apparent  where  this  extraction  method 
is  used  in  conj  unction  with  the  modified  gravimetric  methods 
described.  In  the  gravimetric  chromate  method,  use  of 
the  acetone-ether  washing  eliminates  the  necessity  of  com¬ 
plete  oxidation  of  organic  matter  and  lessens  the  drying 
time.  In  the  sulfate  method,  complete  oxidation  of  all 
organic  matter  is  obtained  more  rapidly  because  of  the  potas¬ 
sium  chlorate.  The  use  of  alcohol  and  one-hour  settling  in 
an  ice  bath  is  unnecessary  when  lead  acid  (3)  is  substituted 
for  dilution  and  washing.  The  acetone-ether  wash  with 
drying  at  100°  C.  replaces  the  ignition  of  the  lead  sulfate. 

Table  II,  typical  of  several  hundred  tests  run  in  this  labora¬ 
tory,  shows  that  accuracy  and  reproducibility  have  been 
maintained. 

Safety  of  Potassium  Chlorate  in  Dilute  Nitric  Acid 

Potassium  chlorate  in  dilute  nitric  acid  solution  can  be 
used  safely  when  extracting  cracked  gasolines;  the  actual 
temperature  rise  resulting  is  given  in  Table  III.  The  results 
obtained  in  this  experiment  indicate  that  the  heat  rise  due  to 
shaking  a  cracked  gasoline  with  the  extraction  solution  is  not 
necessarily  in  direct  proportion  to  the  acid  heat.  In  no  case, 
however,  is  the  heat  so  generated  sufficient  to  interfere  with 
the  procedure. 


Table  IV.  Influence  of  Small  Amounts  of  Copper 


Standard 

Results 

with  Copper  Indicator 

Pb(N03)2 

Volumetric 

Gravimetric 

Gravimetric 

Equivalent 

chromate 

chromate 

sulfate 

Determination 

bo: 

method 

method 

method 

Ml./gal. 

Ml./gal. 

Ml./gal. 

Ml./gal. 

1 

4.00 

4.00 

4.00 

3.99 

2 

4.00 

4.00 

4.00 

4.00 
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Table  V.  Influence  of  Ethyl  Ether  and  Acetone  Washings 
on  Accuracy  of  Results 


Tetraethyllead  Found 

Tetraethyllead  Without  acetone- 

With  acetorn 

Present 

ether  wash 

ether  wash 

Ml./ gal. 

Gasoline  C 

Ml./ gal. 

Ml./ gal. 

Determined  as 

PbS04 

2.99 

3.02 

2.99 

PbCrCb  (gravimetric) 

3.03 

3.00 

PbCrCh  (volumetric) 

Gasoline  D 

2.91 

3.00 

PbS04 

3.99 

4.01 

3.99 

PbCrCb  (gravimetric) 

4.02 

4.00 

PbOC>4  (volumetric) 

3.96 

3.99 

Influence  of  Small  Amounts  of  Copper 

The  small  amount  of  copper  added  to  the  extraction  solu¬ 
tion  serves  as  an  indicator  in  neutralization.  Analysis  with 
known  amounts  of  lead  demonstrates  the  effect  on  accuracy. 
The  results  in  Table  IV  show  that  the  small  amount  of  copper 
added  to  the  extraction  solution  does  not  interfere  with  the 
determination  of  lead  in  either  the  volumetric  or  gravimetric 
methods. 


Influence  of  Ether  and  Acetone  Washings  on 
Accuracy 

The  influence  of  acetone  and  ethyl  ether  washings  on  the 
accuracy  of  results  was  determined  (Table  V). 

The  acetone  and  ether  washings  not  only  speed  up  the  test 
but  are  essential  for  accurate  results  both  in  the  volumetric 
method  and  in  the  gravimetric  methods  when  the  lead  is 
extracted  from  gasoline  by  the  nitric  acid-chlorate  method. 
In  the  lead  sulfate  method,  the  acetone  removes  all  traces 
of  the  lead  acid  solution;  in  the  lead  chromate  method,  wash¬ 
ing  with  acetone  removes  all  traces  of  organic  matter  that 
otherwise  would  tend  to  give  high  results  when  weighed  and 
low  results  when  titrated  because  of  incomplete  solubility 
of  the  lead  chromate  in  the  hydrochloric  acid  used.  After  the 
lead  chromate  has  been  washed  with  acetone  and  ether  and 
the  ether  expelled,  the  resulting  lead  chromate  is  completely 
soluble  in  hydrochloric  acid  solution. 
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Determination  of  Tin  Coating  Weights 
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A  procedure  is  described  for  the  rapid  determination  of  tin  coaling 
weights  on  tin  plate.  The  tin  is  removed  electrolytically  in  the 
presence  of  iodine  and  the  excess  iodine  is  back-titrated  with  sodium 
thiosxilfate.  The  method  is  applicable  to  heavy  and  light  coatings. 


CHEMICAL  analyses  to  determine  the  weight  of  tin 
coatings  applied  to  sheet  steel  are  made  by  producers 
and  large  consumers  of  tin  plate.  Since  control  laboratories 
performing  this  work  may  be  called  upon  to  make  several 
thousand  determinations  per  week,  it  is  highly  desirable  that 
these  determinations  be  made  rapidly  and  economically.  The 
necessity  for  performing  a  rather  large  number  of  tin  coating 
determinations  in  this  laboratory  has  instigated  an  investiga¬ 
tion  of  the  existing  procedures. 

The  procedure  most  commonly  used  where  a  large  number  of 
determinations  are  to  be  made  is  that  of  Sellars  (4)-  A  definite 
area  of  tin  plate,  usually  4  square  inches  (25.8  sq.  cm.)  per  side,  is 
dissolved  with  heat  in  strong  hydrochloric  acid  in  an  atmosphere 
of  carbon  dioxide.  After  cooling,  stannous  tin  is  titrated  iodo- 
metrically  to  a  starch  end  point  with  either  standard  iodine- 
iodide  or  iodate-iodide.  This  method  is  sufficiently  accurate  but 
fairly  costly.  Its  speed  is  governed  by  the  rate  of  solution  of  the 
steel  samples  and  by  the  amount  of  equipment  available  for 
dissolving  and  cooling  the  samples  under  an  inert  atmosphere. 

More  recently  Buser  (J)  has  accomplished  the  solution  of  tin 
coatings  electrolytically  and  without  the  aid  of  heat  or  the 
necessity  for  an  inert  atmosphere.  In  this  method  the  tin  plate 
specimen  is  made  the  anode  between  two  carbon  cathodes.  The 
electrodes  are  immersed  in  a  beaker  containing  hydrochloric  acid, 
to  which  has  been  added  a  measured  amount  of  standard  iodate- 
iodide  solution.  Passage  of  a  direct  current  through  the  cell  for 


a  few  minutes  results  in  solution  of  the  tin  in  the  stannous  state 
Oxidation  by  iodine  to  the  stannic  state  follows  immediately. 
The  excess  of  iodine  is  then  titrated  with  sodium  thiosulfate  and 
the  amount  of  tin  is  calculated  from  the  decrease  in  iodine. 
Calculated  stoichiometrically,  high  results  will  be  obtained. 
Buser  has,  therefore,  applied  a  correction  factor  obtained  by  com¬ 
parison  of  his  results  with  those  obtained  by  other  methods. 
Buser’s  method  has  definite  advantages  of  speed  and  economy, 
but  these  are  offset  by  the  necessity  for  strict  control  of  current 
density  and  of  the  length  of  time  during  which  the  cell  is  operated. 

Several  solutions,  which  have  the  ability  to  remove  tin 
preferentially  from  the  base  metal,  have  been  utilized  for 
quantitative  determinations  of  tin  on  tin  plate.  These  are 
usually  referred  to  as  stripping  solutions,  and  determinations 
based  upon  their  use  consist  of  weighing  the  sample  before 
and  after  removal  of  the  coating  (2).  Antimony  trichloride 
in  hydrochloric  acid  and  alkaline  lead  acetate  solutions  have 
found  favor  in  cases  where  laboratory  facilities  are  limited. 
Stripping  methods  are  comparatively  time-consuming  and  do 
not  quantitatively  remove  that  portion  of  the  tin  which  is 
alloyed  with  the  iron. 

Theoretical 

When  an  electric  current  is  passed  through  a  cell  consisting 
of  carbon  cathodes  and  a  tin  plate  anode  in  a  medium  of  iodine- 
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Figure  1.  Effect  of  Iodine  Concentration 


iodide  in  hydrochloric  acid,  the  following  reactions  occur,  if 
there  are  no  side  reactions: 


Sn  =  Sn++  +  2e 

Sn++  +  I,  =  Sn+  +++  +  21- 

2H+  +  2e  =  H2 

The  amount  of  iodine  consumed  is  therefore  proportional  to 
the  amount  of  tin  on  the  sample.  In  a  cell  of  this  type,  as 
designed  by  Buser,  there  are  several  factors  which  may  con¬ 
tribute  errors,  the  sum  of  which  is  usually  positive. 

a.  A  negative  error  due  to  incomplete  solution  of  tin  under 
the  clamp  or  clip  which  attaches  the  sample  to  the  electrical  cir¬ 
cuit. 

b.  A  negative  error  due  to  incomplete  solution  of  tin  or  iron- 
tin  alloy  in  cases  where  the  current  is  not  allowed  to  flow  suffi¬ 
ciently  long.  (On  tin  plate  made  by  immersing  sheet  steel  in 
molten  tin,  a  layer  of  iron-tin  alloy,  FeSn2,  is  always  present  be¬ 
tween  the  pure  tin  and  the  iron  base  metal.  It  may  be  dissolved 
anodically,  3.) 

c.  A  positive  error  due  to  the  reduction  of  iodine  by  the  ferrous 
iron  generated  at  the  anode. 

d.  A  positive  error  due  to  the  reduction  of  iodine  by  hydrogen 
generated  at  the  cathode. 

e.  Negative  errors  which  result  from  air-oxidation  of  iodide 
and  stannous  tin. 

Error  a  is  dependent  upon  the  size  of  the  clamp  or  clip  used 
to  attach  the  specimen  and  is  constant  if  the  area  covered  by 
the  holder  is  the  same  for  each  sample  specimen. 

Under  the  conditions  described  by  Buser,  error  b  is  negligible 
if  the  cell  is  operated  for  a  sufficiently  long  time. 

The  magnitude  of  error  c  varies  with  the  concentration  of 
iodine  in  the  cell  and  with  the  time  the  current  is  allowed  to 
flow.  This  is  shown  in  Figure  1  where  the  error,  expressed  as 
tin,  is  plotted  against  the  time  of  cell  operation  for  four  differ¬ 
ent  concentrations  of  iodine.  (Tin  coatings  are  expressed  as 
pounds  of  tin  per  base  box,  one  base  box  having  an  area  of 
31,360  square  inches  per  side.) 

To  obtain  the  data  for  these  curves,  the  tin  was  first  stripped 
completely  from  a  4-square-inch  tin  plate  specimen.  The  re¬ 
maining  base  metal  was  then  made  the  anode  in  a  cell  similar  to 
that  of  Buser’s,  except  that  a  porous  wall  was  interposed  between 
the  cathode  and  anode  chambers.  Various  amounts  of  0.1  N 
iodide-iodate  solution  were  introduced  into  the  anode  chamber 
together  with  200  ml.  of  1  to  4  hydrochloric  acid.  The  cathode 
chamber  contained  only  hydrochloric  acid.  A  current  of  3 
amperes  was  allowed  to  flow  through  the  cell  for  various  time 


intervals  and  the  decrease  in  iodine  was  determined  by  titrating 
with  sodium  thiosulfate.  By  confining  the  iodine  to  the  anode 
chamber  reactions  occurring  at  the  cathode  were  eliminated 
from  consideration. 

Figure  1  shows  that  the  greater  the  concentration  of  iodine 
the  greater  will  be  the  reduction  of  iodine.  In  an  actual  deter¬ 
mination  involving  tin  plate,  relatively  little  iron  is  dissolved 
until  after  the  tin  has  been  removed.  It  is,  therefore,  unlikely 
that  there  is  appreciable  reduction  of  iodine  by  ferrous  iron 
until  after  the  tin  has  been  stripped  from  the  specimen. 

Error  d  has  been  demonstrated  experimentally  by  immers¬ 
ing  a  carbon  cathode  in  a  cathode  chamber  containing  a  meas¬ 
ured  amount  of  iodine-iodide  in  1  to  4  hydrochloric  acid,  and 
separated  from  the  anode  chamber  by  a  porous  wall.  After 
a  current  of  1.5  amperes  had  flowed  through  the  cell  for  vari¬ 
ous  time  intervals,  the  loss  of  iodine  was  determined  by  ti¬ 
trating  with  thiosulfate.  Under  these  conditions  any  decrease 
in  iodine  may  be  attributed  to  reactions  occurring  at  the 
cathode.  The  curves  in  Figure  2  show  that  where  the  cell  is 
operated  at  1.5  amperes  a  loss  of  iodine  equivalent  to  0.05 
pound  of  tin  per  base  box  occurs  for  each  minute  of  cell  opera¬ 
tion. 

Error  d  can  be  held  at  a  minimum  by  allowing  the  current 
to  flow  only  long  enough  to  dissolve  the  tin.  During  an  ac¬ 
tual  determination  this  cannot  be  done  without  danger  of 
incomplete  solution  of  tin  from  the  sample  (error  b ) .  Unlike 
error  c,  which  does  not  occur  until  after  the  tin  coating  has 
been  removed,  error  d  occurs  throughout  the  electrolysis  if 
hydrogen  is  liberated  in  the  presence  of  iodine. 

Errors  e,  which  are  caused  by  dissolved  oxygen,  produce 
low  results.  The  oxidation  of  iodide  to  iodine  will  be  negli¬ 
gible  if  concentrations  of  iodide  and  acid  are  not  excessive  and 
the  analysis  is  completed  without  undue  delay.  That  the 
oxidation  of  stannous  tin  by  oxygen  will  be  prevented  if  iodine 
is  present  throughout  the  electrolysis,  is  demonstrated  below. 

Apparatus  and  Procedure 

In  order  to  eliminate  error  d,  which  is  the  most  significant,  a 
cell  (Figure  3)  was  constructed.  In  this  cell  the  cathodes  are 
surrounded  by  porous  cylinders  (Coors  filter,  No.  720,  size  1) 
which  allow  the  hydrogen  to  escape  without  coming  in  contact 
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Figure  2.  Hydrogen  Reduction  at  Cathode 
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with  the  iodine.  A  and  A'  are  two  identical  porous  filters  filled 
with  1  to  4  hydrochloric  acid  and  containing  cylindrical  carbon 
cathodes,  B  and  B'.  C  is  a  small  electromagnet  (coil  not  shown) 
which  holds  the  sample,  D,  at  its  edge  without  covering  the  tin 
surface,  thus  eliminating  error  a.  E  is  a  400-ml.  beaker  into 
which  the  standard  iodine  is  measured,  together  with  1  to  7 
hydrochloric  acid  until  the  solution  just  covers  the  sample. 

A  source  of  direct  current  of  from  3  to  5  volts  will  be  sufficient 
to  give  about  3  amperes,  through  the  cell  shown  in  Figures  3  and 
4.  The  current  need  not  be  controlled  accurately  to  3  amperes, 
but  it  has  been  found  by  experience  that  this  amperage  will 
remove  the  tin  about  as  rapidly  as  titrations  can  be  made.  As  a 
source  of  current  an  8-volt  storage  battery,  a  direct  current 
motor  generator,  or  a  dry  rectifier  transformer  is  satisfactory. 

Reagents  Required.  Hydrochloric  Acid.  Dilute  c.  p.  hydro¬ 
chloric  acid,  with  seven  times  its  volume  of  distilled  water. 
(Tap  water  may  be  used,  providing  it  is  free  from  objectionable 
oxidizing  or  reducing  substances.) 

Iodate-Iodide  Solution.  Dissolve  50  grams  of  potassium  iodate, 
280  grams  of  potassium  iodide,  and  0.1  gram  of  sodium  hydroxide 
in  18  liters  of  distilled  water. 

Sodium  Thiosulfate.  Dissolve  365  grams  of  sodium  thiosulfate 
pentahydrate  in  18  liters  of  distilled  water  and  add  2.5  grams  of 
sodium  carbonate. 

Weaker  solutions  are  preferable  for  light-weight  coatings,  0.5 
pound  per  base  box  or  less. 

Procedure.  Introduce  200  ml.  of  1  to  7  hydrochloric  acid 
and  about  20  ml.  of  the  iodate-iodide  solution,  accurately  meas¬ 
ured,  into  the  400-ml.  beaker.  Suspend  the  4-square-inch  tin 
plate  sample  from  the  magnet  and  immerse  the  electrodes  in  the 
beaker.  Immersion  of  the  electrodes  in  the  beaker  completes 
the  electrical  circuit.  Allow  a  current  of  3  amperes  to  flow  for 
2  to  5  minutes,  remove  the  beaker,  and  titrate  the  remaining 
iodine  with  thiosulfate  with  starch  as  an  indicator. 

Calculations.  The  weight  of  tin  coating  for  samples 
having  an  area  of  4  square  inches  per  side  may  be  calculated 
stoichiometrically  as  follows: 

(Fkioj  X  Nkio3  —  FNa2s2o3  X  H Na2s2o3)  118/2  X  17.28  = 

pounds  of  tin  per  base  box 

N  =  normality 
V  =  volume  in  liters 

Where  a  large  number  of  determinations  are  to  be  made,  it 
is  convenient  to  construct  a  table  or  curve  which  gives  directly 
the  tin  coating  corresponding  to  various  thiosulfate  titrations. 

Discussion  of  Results 

Effect  of  Time  of  Electrolysis.  In  Figure  5  the  per¬ 
centage  of  recovery  of  tin  is  plotted  against  the  time  of  cell 
operation.  To  obtain  the  data  for  these  curves  the  tin  coat¬ 
ings  on  4-square-inch  disks  were  determined  by  the  electro¬ 


lytic  stripping  procedure.  The  Sellars  method  was  used  to 
determine  the  tin  coating  on  the  annular  areas  immediately 
surrounding  the  disks.  Percentage  recoveries  were  calculated 
on  the  assumption  that  the  Sellars  method  gave  the  true  tin 
coating. 

The  curves  show  that  the  tin  is  stripped  rapidly.  Follow¬ 
ing  this,  the  curve  becomes  practically  horizontal,  although  it 
slopes  slightly  upward,  as  a  result  of  reduction  of  iodine  by 
ferrous  iron  as  predicted  by  Figure  1.  A  negligible  error  will 
be  obtained  if  the  cell  is  not  operated  for  more  than  4  to  5 
minutes,  which  is  greatly  in  excess  of  the  stripping  time 
conveniently  used  in  making  routine  determinations.  Because 
the  slope  of  the  top  portion  of  the  curve  is  dependent  upon 
the  concentration  of  iodine  at  the  end  of  the  determination, 
it  is  desirable  not  to  use  a  large  excess  of  iodine. 

Effect  of  Acid  Concentration.  The  effect  of  acid  con¬ 
centration  in  the  cell  was  investigated  between  concentrations 
1  to  20  and  1  to  4.  Below  a  concentration  of  1  to  10  the  strip¬ 
ping  is  incomplete  and  erratic  results  are  obtained. 

Effect  of  Air  Oxidation.  The  procedure  as  outlined 
could  be  simplified  somewhat  if  stannous  tin  were  stable 
toward  air-oxidation,  since  it  would  then  be  possible  to  make 
the  electrolysis  without  the  presence  of  iodine  and  titrate  it 
directly  with  standard  iodate-iodide.  To  demonstrate  the 
magnitude  of  air-oxidation,  curves  shown  in  Figure  6  were 
constructed.  The  data  for  these  curves  were  obtained  by  the 
regular  procedure,  except  that  instead  of  having  iodine  pres¬ 
ent  during  the  electrolysis,  the  solution  was  titrated  with 
iodate-iodide  to  a  starch  end  point  after  the  electrolysis. 

In  curve  II,  Figure  6,  boiled  hydrochloric  acid  was  used  and 
the  recoveries  approach  more  nearly  100  per  cent,  since  less 
oxygen  was  present.  In  a  few  other  cases  almost  100  per  cent 
recovery  was  obtained  by  covering  the  boiled  hydrochloric 
acid  with  a  layer  of  toluene,  thereby  preventing  solution  of 
oxygen  during  the  determination. 

From  these  curves  it  is  clear  that  unless  an  excess  of  iodine 
is  maintained  throughout  the  electrolysis  low  results  will  be 
obtained. 


Figure  4.  Detinning  Cell 
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Figure  5.  Recovery  of  Tin 


Accuracy.  The  accuracy  of  the  procedure  may  be  judged 
from  the  curves  in  Figure  5  and  from  Table  I,  in  which  the  re- 
suits  obtained  by  the  electrolytic  stripping  method  are  com¬ 
pared  with  those  obtained  by  the  Sellars  method,  as  found  by 
another  laboratory.  Four-square-inch  disks  were  used  for  the 
electrolytic  method  and  adjoining  annuli  for  the  Sellars 
method. 

Since  the  introduction  of  electrodeposited  tin  coatings,  con¬ 
siderably  lighter  tin  coatings  have  been  encountered.  For 
such  coatings  (0.5  pound  or  less  per  base  box)  the  electrolytic 
stripping  determination  is  better  than  the  Sellars  method, 
which  is  always  subject  to  errors  resulting  from  iodine-con¬ 
suming  constituents  of  the  base  metal  which  are  necessarily 
titrated  with  the  tin.  For  this  reason  Sellars  iodate  solutions 
are  standardized  against  pure  tin  to  which  have  been  added 
approximately  4  square  inches  of  typical  untinned  base  metal. 


Table  I. 

Comparison  of  Sellars  and  Electrolytic  Methods 

Sample 

Electrolytic 

Sellars 

Difference 

-Pounds  of  tin  per 

7  L 

' 

i 

2.02 

2.02 

0.00 

2 

2.03 

2.03 

0.00 

3 

2.10 

2.10 

0.00 

4 

1.58 

1.58 

0.00 

5 

1.95 

1.94 

+  0.01 

6 

1.48 

1.48 

0.00 

7 

1.70 

1.70 

0.00 

8 

1.52 

1.54 

-0.02 

9 

1.99 

2.01 

-0.02 

10 

2.07 

2.03 

+0.04 

11 

1.83 

1.85 

-0.02 

12 

1.42 

1.33 

+  0.09 

13 

2.15 

2.13 

+0.02 

14 

1.50 

1.53 

-0.03 

15 

1.59 

1.61 

-0.02 

Sample 

Table  II.  Comparison  of  Methods 

SbClj 

SbCls  Stripping  Plumbite 

Sellars  Stripping  Corrected  Stripping 

Elec¬ 

trolytic 

1 

0.43 

0.46 

0.44 

0.43 

0.43 

0.46 

0.45 

0.45 

0.42 

0.44 

2 

0.43 

0.45 

0.45 

0.43 

0.42 

0.42 

0.46 

0.45 

0.44 

0.42 

3 

0.43 

0.45 

0.44 

0.43 

0.43 

0.43 

0.44 

0.44 

0.43 

0.42 

4 

0.45 

0.46 

0.45 

0.44 

0.43 

0.44 

0.47 

0.45 

0.45 

0.44 

MINUTES 

Figure  6.  Air  Oxidation 

This  procedure  is  entirely  adequate  when  the  amount  of  io¬ 
dine  required  by  the  base  metal  is  constant  and  small  com¬ 
pared  with  that  consumed  by  the  tin;  but  when  light-weight 
coatings  are  determined  the  Sellars  method  is  accompanied 
by  an  appreciable  error  if  the  iodine-consuming  properties  of 
the  base  metal  are  not  accurately  taken  into  account. 

Table  II  shows  a  comparison  of  the  Sellars,  electrolytic 
stripping,  and  chemical  stripping  methods. 

In  the  case  of  the  Sellars  method  the  iodate  solution  was 
standardized  against  pure  tin,  to  which  had  been  added  4  square 
inches  of  the  same  base  metal  found  in  the  samples.  In  the 
electrolytic  stripping  method  the  strength  of  the  titrating  solu¬ 
tions  was  reduced  to  one  fifth  that  of  the  regular  procedure. 
The  stripping  solutions  consisted  of  1  per  cent  antimony  tri¬ 
chloride  in  20  per  cent  hydrochloric  acid  in  one  procedure  and  a 
solution  5  per  cent  with  respect  to  lead  acetate  and  sodium 
hydroxide  in  another.  In  the  case  of  the  acid  stripping  solution, 
the  results  have  been  corrected  for  the  loss  in  weight  due  to  solu¬ 
tion  of  iron  during  the  stripping.  No  such  correction  was  neces¬ 
sary  in  the  case  of  the  alkaline  stripping  solution.  Samples  for 
data  shown  in  Table  II  consisted  of  strips  of  commercial  electro- 
deposited  tin  plate.  These  were  taken  in  a  direction  parallel  to 
passage  through  the  plating  tank,  so  that  the  tin  coatings  of 
specimens  taken  for  the  various  methods  should  be  essentially 
constant. 

The  results  given  in  Table  II  show  satisfactory  agreement 
between  the  various  methods,  although  antimony  trichlo¬ 
ride  stripping  gives  slightly  high  results.  The  agreement 
between  the  Sellars  and  electrolytic  stripping  would  not  be 
expected  to  be  so  good  if  the  iodine-consuming  properties  of 
the  base  metal  had  not  been  accurately  taken  into  considera¬ 
tion. 
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Determination  of  Metallic  Copper  and 

Cuprous  Oxide 

In  Commercial  Cuprous  Oxide  Pigments 

IRVIN  BAKER  AND  R.  STEVENS  GIBBS 
Chemical  Laboratory,  Norfolk  Navy  Yard,  Portsmouth,  Va. 


Cuprous  oxide  is  readily  soluble  in  cold,  dilute  aque¬ 
ous  hydrochloric  acid,  cupric  oxide  is  slightly  sol¬ 
uble,  and  metallic  copper  is  very  slightly  soluble. 
The  presence  of  hydrazine  sulfate  reduces  any  di¬ 
valent  copper  entering  solution  and  prevents  reac¬ 
tion  between  metallic  copper  and  cupric  ion.  The 
addition  of  potassium  chloride  prevents  the  pre¬ 
cipitation  of  cuprous  chloride  from  the  very  dilute 
hydrochloric  acid  solution.  If  the  analysis  is  per¬ 
formed  under  an  inert  carbon  dioxide  atmosphere 
the  metallic  copper  and  cupric  oxide  may  be  filtered 
off,  dissolved  in  acid  ferric  chloride,  and  titrated 
with  ceric  sulfate.  The  total  reducing  power,  the 
sum  of  the  cuprous  oxide  and  copper  reducing 
equivalents,  may  be  determined  by  direct  solution 
of  the  sample  in  acid  ferric  chloride  and  subsequent 
titration  under  a  carbon  dioxide  atmosphere  with 
ceric  sulfate. 


COMMERCIAL  cuprous  oxide  pigments  contain  in  ad¬ 
dition  to  cuprous  oxide  various  percentages  of  metallic 
copper  and  cupric  oxide.  Because  of  its  finely  divided  state, 
the  metallic  copper  is  soluble  or  partially  soluble  in  the  re¬ 
agents  that  dissolve  cuprous  oxide,  rendering  its  separation 
difficult.  Considerable  work  has  been  performed  to  deter¬ 
mine  a  method  of  separation  of  metallic  copper-cuprous 
oxide  mixtures. 

Determination  of  Metallic  Copper 

LeBlanc  and  Sachse  (3)  determined  the  percentage  of  cupric 
oxide  by  titrating  the  iodine  liberated  by  the  oxidation  of  hydro¬ 
chloric  acid  solutions  of  potassium  iodide.  Rapid  oxidation  of 
the  copper  by  the  liberated  iodine  eliminated  this  method  as  an 
analytical  procedure.  Fitzpatrick  (4)  attempted  to  separate  the 
metallic  copper  from  the  mixture  by  boiling  the  sample  with  a 
saturated  silver  sulfate  solution.  During  the  10-minute  boiling 
extraction  period  a  considerable  amount  of  the  cuprous  oxide 
reacts  to  form  metallic  copper  which  is  subsequently  dissolved, 
giving  high  copper  values.  Zerfass  and  Willard  ( 6 )  attempted  to 
analyze  the  mixture  microscopically.  Their  results  were  deter¬ 
mined  on  mixtures  containing  approximately  50  per  cent  cupric 
oxide,  whereas  commercial  cuprous  oxide  contains  only  a  small 
per  cent.  The  method  was  not  found  to  be  practical  in  its  appli¬ 
cation  to  cuprous  oxide  pigments. 

The  use  of  reagents  which  dissolve  cuprous  oxide,  cupric 
oxide,  or  both  but  have  no  effect  on  metallic  copper  presents 
many  difficulties.  Solution  of  the  sample  in  the  reagents  in¬ 
vokes  a  reaction  between  cupric  ions  and  copper,  forming 
cuprous  ion,  particularly  when  the  copper  is  in  the  finely 
divided  state,  as  in  commercial  cuprous  oxide  pigments. 
To  decrease  the  solubility  of  metallic  copper,  reducing  agents 
were  added  which  could  reduce  cupric  ions  to  the  cuprous 
state  but  not  to  metallic  copper  and  would  not  affect  the 
metallic  copper.  A  few  such  reducing  agents  are  hydrazine 
sulfate,  hydroxylamine  hydrochloride,  and  sodium  arsenite. 

Hurd  and  Clark  ( 1 ,  2)  outlined  a  method  for  the  determina¬ 
tion  of  metallic  copper  and  cuprous  oxide. 


Cuprous  oxide  is  soluble  in  cold  aqueous  ammonia,  whereas 
cupric  oxide  is  but  slightly  soluble  and  metallic  copper  is  insolu¬ 
ble.  Addition  of  hydrazine  sulfate  to  the  reagent  tends  to  reduce 
any  divalent  copper  entering  solution  and  prevents  interaction 
of  cupric  copper  and  metal.  If  the  reaction  be  carried  out  in  a 
carbon  dioxide  atmosphere,  the  metallic  copper-cupric  oxide 
mixture  may  be  isolated  and  the  metal  determined  by  direct 
solution  in  acid  ferric  chloride,  followed  by  titration  with  potas¬ 
sium  dichromate. 

The  precautions  required  in  this  method  are  numerous 
and  are  difficult  to  apply.  An  extensive  investigation  of 
this  method  was  carried  out,  and  the  results  obtained  by 
slight  variations  in  procedure  are  outlined  in  Table  I.  Diffi¬ 
culties  encountered  are  as  follows: 

1.  The  method  depends  on  the  ability  of  the  analyst  to  de¬ 
termine  when  all  the  cuprous  oxide  has  dissolved,  by  observation 
of  the  disappearance  of  red  particles  from  a  mixture  of  brownish 
red  copper  and  black  cupric  oxide  in  a  blue  solution.  Moreover, 
cuprous  oxide  may  exist  in  a  variety  of  colors  ranging  from  yellow 
through  red  to  brown,  depending  on  the  particle  size. 

2.  It  is  difficult  to  control  the  solubility  of  carbon  dioxide  in 
the  alkaline  extracting  solution.  A  change  in  rate  of  introducing 
carbon  dioxide  gas  over  the  solution  markedly  affects  the  solu¬ 
bility  of  the  cuprous  oxide.  The  pressure  over  the  solution  also 
affects  the  solubility.  Carbon  dioxide  is  a  necessary  ingredient 
of  the  extraction  solution  and  acts  as  an  active  solvent,  owing  to 
the  formation  of  ammonium  carbonate.  Therefore,  variations 
in  the  quantity  of  carbon  dioxide  taken  up  by  the  solution  during 
extraction  alter  the  results.  Replacing  carbon  dioxide  with  other 
inert  gases  results  in  very  high  copper  values. 

3.  The  presence  of  a  thin  film  of  cupric  oxide  due  to  oxidation 
prevents  solution  of  all  cuprous  oxide  unless  vigorous  agitation  is 
applied.  This  results  in  lower  copper  values  due  to  the  increased 
solubility  of  the  copper  under  agitation. 

4.  The  method  involves  a  large  personal  factor  which  makes 
duplicable  results  difficult  to  obtain.  Results  obtained  by  differ¬ 
ent  operators  failed  to  check. 

5.  The  time  of  extraction  markedly  affects  the  results. 

Various  solvents,  reducing  agents,  and  procedures  were 
investigated  by  this  laboratory  to  find  a  method  that 
would  quantitatively  separate  the  copper  in  commercial 
cuprous  oxides  and  eliminate  the  personal  factor  of  the  Hurd 
and  Clark  method  (I,  2).  Various  solutions  of  hydrochloric 


Table  I.  Metallic  Copper  by  Hurd  and  Clark  Method  (2) 


Sample  Cu,  % 


Conditions  of  Experiment 


Powder  Metals 
and  Alloys, 
76 


A.  S.  T.  M.,  1 


Powder  Metals 
and  Alloys, 
79 


A.  S.  T.  M.,  4 


8.73  Extracted  5  min. 

7.01  Extracted  5  min. 

4.13  Extracted  30  min. 

20.4  No  CO2,  open  to  air,  extracted  30  min. 

23.1  H2  atmosphere,  extracted  25  min. 

15.78  H2  atmosphere,  extracted  10  min. 

4.92  (Extracted  to  disappearance  of  red  particles) 

6.49  (Extracted  to  disappearance  of  red  particles) 

13.69  (Very  little  agitation,  slow  stream  of  CO2) 
14.76  Extracted  3  min. 

12 . 93  Extracted  5  min. 

6.86  Extracted  10  min. 

5.55  Extracted  15  min. 

4.04  Extracted  30  min. 

2.48  (Extracted  to  disappearance  of  red  particles) 

3 . 88  (Extracted  to  disappearance  of  red  particles) 

9 . 19  (Extracted  to  disappearance  of  red  particles) 

2.67  (Extracted  to  disappearance  of  red  particles) 

7.2  (Extracted  to  disappearance  of  red  particles) 
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acid  and  ammonium  hydroxide  with  such  reducing  agents  as 
hydroxylamine  hydrochloride,  mercury,  formaldehyde,  sugars, 
sodium  arsenite,  hydrazine  sulfate,  and  others  were  tested. 
None  of  these  methods  gave  reproducible  results  for  the 
determination  of  metallic  copper. 

A  series  of  experiments  was  conducted,  using  varying 
concentrations  of  hydrochloric  acid  in  conjunction  with  hydra¬ 
zine  sulfate.  A 'hen  the  hydrochloric  acid  concentration 
dropped  below  a  certain  minimum,  the  cuprous  chloride 
formed  from  the  reaction  precipitated.  To  remove  this 
precipitate  from  the  copper  residue  potassium  chloride  was 
added  to  the  extraction  mixture.  The  result  was  that  a  very 
low  hydrochloric  acid  concentration  could  be  employed  which 
was  still  sufficient  to  dissolve  the  cuprous  oxide  but  insufficient 
to  react  with  the  copper,  despite  the  fact  that  it  is  finely 
divided.  The  hydrazine  sulfate  was  added  to  prevent  inter¬ 
action  of  copper  and  cupric  ion.  Carbon  dioxide  had  no  ef¬ 
fect  on  the  solubility  of  the  cuprous  oxide  in  the  extracting 
solution. 

Reagents  Required.  Ferric  Chloride  Solution.  Add  75 
grams  of  ferric  chloride  hexahydrate  and  150  ml.  of  hydrochloric 
acid  (specific  gravity  1.19)  to  400  ml.  of  distilled  water  saturated 
with  carbon  dioxide.  Stir  to  complete  solution.  Keep  the  solu¬ 
tion  saturated  with  carbon  dioxide. 

Hydrazine  Sulfate  Solution  (3  per  cent).  Add  3  grams  of  pure 
hydrazine  sulfate  to  97  ml.  of  distilled  water  saturated  with  car¬ 
bon  dioxide.  Stir  to  complete  solution. 

Potassium  Chloride  Solution  (10  per  cent).  Dissolve  10  grams 
of  c.  p.  potassium  chloride  in  90  ml.  of  distilled  water  saturated 
with  carbon  dioxide. 

Acetone,  chemically  pure  reagent  grade. 

Indicator,  o-phenanthroline  ferrous  complex  (ferroin),  manu¬ 
factured  by  G.  Frederick  Smith  Company,  Columbus,  Ohio. 

Ceric  Sulfate  Solution.  Weigh  50  grams  of  anhydrous  ceric 
sulfate  into  an  800-ml.  beaker  and  add  26  ml.  of  concentrated 
sulfuric  acid.  Dilute  with  30  ml.  of  water.  Heat  several  hours 
with  occasional  stirring,  replacing  water  lost  by  evaporation. 
Add  water  in  small  portions  at  half-hour  intervals  until  the  vol¬ 
ume  reaches  about  700  ml.  Cool,  transfer  to  a  1-liter  volumetric 
flask,  and  dilute  to  mark.  Allow  solution  to  settle  several  weeks 
and  filter  to  remove  suspended  matter.  Standardize  against 
electrolytic  iron  or  ferrous  ammonium  sulfate. 

Ferrous  Ammonium  Sulfate.  Dissolve  12  grams  of  Mohr’s  salt 
in  200  to  300  ml.  of  water  and  add  40  ml.  of  concentrated  sulfuric 


Table 

II. 

Metallic  Copper  in  Commercial  Cuprous  Oxide  Samples 

Hydrazine  Sulfate— Potassium  Chloride  Method 

A.  S.  1 

’.  M.,  6, 

Rohm  &  Haas, 

Metals  Refin- 

Metals  Refin- 

Powder  Metals 

Powder  Metals 

Electrolytic 

Electrolytic 

ing  Co.,  C-18 

ing 

Co.,  41 

and  Alloys,  320 

and  Alloys,  99 

Devia- 

Devia- 

Devia- 

Devia- 

Devia- 

Devia- 

ation 

ation 

ation 

ation 

ation 

ation 

from 

from 

from 

from 

from 

from 

Cu 

av. 

Cu 

av. 

Cu 

av. 

Cu 

av. 

Cu 

av. 

Cu 

av. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

0.09 

-0.005 

0.32 

+  0.05 

0.61 

-0.06 

0.97 

0.00 

4.25 

-0.05 

6 . 5 

+  0.17 

0.09 

-0.005 

0.22 

-0.05 

0.66 

-0.01 

0.99 

+0.02 

4.28 

-0.02 

6.25 

-0.08 

0.10 

+  0.005 

0.27 

0.00 

0.73 

+  0.07 

0.94 

-0.03 

4.34 

+  0.04 

6.39 

+0.06 

0.10 

+  0.005 

0.96 

-0.10 

4.32 

+  0.02 

6.29 

-0.04 

6.39 

+  0.06 

6.42 

+  0.09 

6.23 

-0.10 

Av.  0.095 

0.005 

0.27 

0.03 

0.67 

0.05 

0.97 

0.02 

4.30 

0.03 

6.33 

0.09 

Powder  Metals 

Metals  Refin- 

Powder  Metals 

Powder  Metals 

Powder  Metals 

and  Alloys,  100 

ing  Co.,  C-16 

and  Alloys,  113 

and  Alloys,  111 

and  Alloys,  105 

Devia- 

Devia- 

Devia- 

Devia- 

Devia- 

tion 

tion 

tion 

tion 

tion 

from 

from 

from 

from 

from 

Cu 

av. 

Cu 

av. 

Cu 

av. 

Cu 

av. 

Cu 

av. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

6.58 

+0.03 

7.36 

+0.01 

7.68 

+  0.12 

11.74 

-0.02 

12.56 

-0.09 

6.44 

-0.11 

7.30 

-0.05 

7 . 55 

-0.01 

11.96 

+0.20 

12.69 

+0.04 

6.52 

-0.03 

7.29 

-0.06 

7.50 

-0.06 

11.6 

-0.16 

12.71 

+  0.06 

6.63 

+  0.08 

7.34 

-0.01 

7.44 

-0.12 

11.74 

-0.02 

12.63 

-0.02 

6.57 

+  0.02 

7.36 

+0.01 

7.53 

-0.03 

12.57 

-0.08 

7.33 

-0.02 

7.52 

-0.04 

12.72 

+  0.07 

7.37 

+  0.02 

7.67 

+  0.11 

12.77 

+  0.12 

7.38 

+  0.03 

7.36 

+  0.01 

7.35 

0.00 

7.27 

-0.08 

7.47 

+  0.12 

Av.  6.55 

0.05 

7.35 

0.035 

7.56 

0.07 

11.76 

0.10 

12.65 

0.06 

acid,  stirring  constantly.  Dilute  to  1  liter  in  a  volumetric  flask. 
Add  a  few  pieces  of  mossy  aluminum  to  stabilize  the  solution. 
The  solution  should  be  restandardized  frequently  with  0.1  A 
potassium  dichromate  or  ceric  sulfate. 

Carbon  Dioxide-Saturated  Distilled  Water.  Boil  distilled  water 
for  several  minutes  and  pass  a  rapid  stream  of  carbon  dioxide  gas 
through  the  solution  while  cooling.  Keep  water  saturated  with 
carbon  dioxide  gas. 

Procedure.  Add  10  ml.  of  c.  p.  acetone  and  a  few  small  glass 
beads  to  a  250-ml.  glass-stoppered,  Squibb’s  type  separatory  fun¬ 
nel.  Replace  air  by  passing  carbon  dioxide  gas  into  funnel  for  a 
few  minutes  or  adding  a  lump  of  carbon  dioxide  snow.  Weigh  ac¬ 
curately  1  gram  of  the  well-mixed  sample  and  transfer  directly 
to  the  separatory  funnel.  Shake  vigorously  for  1  minute  to  dis¬ 
solve  any  oil  or  surface  coatings  and  to  disperse  and  wet  the  par¬ 
ticles  thoroughly.  Refill  funnel  with  carbon  dioxide  gas,  add  20 
ml.  of  dilute  hydrochloric  acid  solution  (1  to  9)  and  10  ml.  of  hy¬ 
drazine  sulfate  solution  (3  per  cent),  and  shake  gently  for  1  min¬ 
ute.  Remove  stopper  from  funnel,  refill  with  carbon  dioxide  gas, 
and  add  75  ml.  of  10  per  cent  potassium  chloride  solution.  Shake 
vigorously  for  15  seconds.  Filter  off  the  metallic  copper-cupric 
oxide  residue  in  the  usual  way  through  a  12.5-cm.  41-H  Whatman 
filter  paper  and  a  glass  funnel.  Allow  all  of  the  solution  to  drain 
off  completely  before  washing.  Wash  once  with  30  ml.  of  10  per 
cent  potassium  chloride  solution  and  once  with  30  ml.  of  5  per 
cent  potassium  chloride  solution.  Keep  an  atmosphere  of  carbon 
dioxide  over  the  solution  during  filtration  by  adding  small  pieces 
of  carbon  dioxide  snow.  Finally,  wash  with  approximately  400 
ml.  of  distilled  water  saturated  with  carbon  dioxide,  with  the 
further  addition  of  small  pieces  of  carbon  dioxide  snow  during 
the  washing.  Place  the  washed  residue  and  filter  paper  in  a  wide¬ 
mouthed  250-ml.  Erlenmeyer  flask  from  which  the  air  has  been 
replaced  by  carbon  dioxide  gas.  Add  15  ml.  of  the  ferric  chloride 
solution  and  15  ml.  of  (1  to  9)  hydrochloric  acid  solution.  Warm 
gently  on  a  steam  bath  to  dissolve  the  metallic  copper-cupric 
oxide  residue,  still  maintaining  a  carbon  dioxide  atmosphere  in 
the  flask.  Cool  the  solution  to  room  temperature  in  carbon  di¬ 
oxide  atmosphere.  Add  2  drops  of  o-phenanthroline  (ferrous 
complex)  indicator  and  titrate  at  once  with  0.1  A  ceric  sulfate 
solution.  A  sharp,  distinct  color  change  from  orange  to  pale 
green  occurs  at  the  end  point.  Back-titrate  with  0.03  N  ferrous 
ammonium  sulfate  to  an  orange  color.  Subtract  the  ferrous  am¬ 
monium  sulfate  equivalent  from  the  total  titration  and  calculate 
the  percentage  of  metallic  copper  and  report  as  such. 

1  ml.  of  0.1  A  ceric  sulfate  =  0.003179  gram  of  copper. 

Precautions.  The  analysis  must  be  run  entirely  in  an  atmos¬ 
phere  of  carbon  dioxide  with  the  exclusion  of  all  air  to  prevent 
oxidation  of  copper.  Carbon  dioxide  snow  or  dry  ice  has  been 
found  a  convenient  method  of  replacing  air. 

The  sample  must  be  well 
mixed  to  obtain  a  homogeneous 
mixture;  otherwise  checks  can¬ 
not  be  obtained. 

The  solution  containing  the 
metallic  copper-cupric  oxide 
residue  must  be  allowed  to 
drain  completely  through  the 
filter  paper,  before  the  final 
wash  with  water,  to  prevent 
precipitation  of  cuprous  chlo¬ 
ride  on  the  filter  paper. 

Result  of  Analyses. 
This  method  of  analysis  was 
used  for  the  determination  of 
metallic  copper  in  eleven 
samples  of  commercial  cu¬ 
prous  oxides  and  a  number 
of  synthetic  mixtures.  A  total 
of  79  determinations  was  run, 
and  the  results  are  outlined 
in  Tables  II  and  III.  The 
method  is  direct  and,  with  the 
precautions  required,  easily 
carried  out.  The  personal 
factor  required  in  the  Hurd 
and  Clark  method  ( 1 ,  2)  for 
the  determination  of  loss  of 
color,  rate  of  carbon  dioxide 
addition,  etc.,  has  been  elimi¬ 
nated.  With  a  little  prac- 
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Table  III.  Metallic  Copper  in  Synthetic  Mixtures'1 

Hydrazine  Sulfate-Potassium  Chloride  Method 


2%  Cu 

Deviation 

from 

2% 

3.65%  Cu 

Deviation 

from 

3.65% 

6.02%  Cu 

Deviation 

from 

6.02% 

8.1%  Cu 

Deviation 

from 

8.1% 

14.2%  Cu 

Deviation 

from 

14.20% 

Found 

Cu 

Found 

Cu 

Found 

Cu 

Found 

Cu 

Found 

Cu 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

1.98 

-0.02 

3.63 

-0.02 

5.92 

-0.10 

8.02 

-0.08 

14.20 

0.00 

1.96 

-0.04 

3.60 

-0.05 

5.97 

-0.05 

8.17 

+  0.07 

14.45 

+  0.25 

2.02 

+  0.02 

3.67 

-0.02 

5.94 

-0.06 

8.21 

+  0.11 

14.46 

+  0.26 

1.96 

-0.04 

3.61 

-0.04 

5.98 

-0.04 

8.05 

-0.05 

14.10 

-0.10 

Av.  1.98 

0.03 

3.63 

0.03 

5.95 

0.06 

8.12 

0.08 

14.31 

0.15 

a  Synthetic  mixtures  were  prepared  from  Rohm  &  Haas  electrolytic  grade  cuprous  oxide  C  and  325-mesh  metallic 
copper  powder  which  was  extracted  with  hydrochloric  acid-hydrazine  sulfate  solution,  washed,  and  dried  in  a 
vacuum  desiccator.  Results  were  corrected  for  small  amount  of  metallic  copper  found  in  analysis  of  cuprous  oxide. 


tice  the  method  will  give  results  reproducible  within  the 
limits  shown  in  Tables  II  and  III.  A  maximum  deviation 
of  0.1  per  cent  and  an  average  deviation  of  0.05  per  cent 
was  obtained  with  the  electrolytic  or  low  copper  content 
cuprous  oxides;  and  a  maximum  deviation  of  0.3  per  cent 
and  an  average  deviation  of  0.15  per  cent  with  cuprous 
oxides  of  high  copper  content.  Results  determined  on  the 
same  sample  at  different  periods  of  time  must  not  be  com¬ 
pared  for  accuracy,  since  many  samples  of  cuprous  oxide 
change  considerably  from  day  to  day. 


centage  of  cupric  oxide  in 
the  material  by  difference,  in 
which  the  figure  for  total 
copper,  calculated  from  the 
cuprous  oxide  and  metallic 
copper  results,  was  higher 
than  the  actual  total  copper 
determined  electrolytically. 
Since  it  was  possible  to  check 
the  figure  for  metallic  copper 
accurately,  it  appears  that 
the  error  lies  in  the  fact  that 
the  value  for  total  reducing 
========^===^===  power  was  too  high. 

An  investigation  was  un¬ 
dertaken  to  obtain  an 
accurate  reproducible  method  for  the  determination  of  the 
total  reducing  power  of  cuprous  oxide  pigments.  Various 
methods  of  procedure,  oxidizing  titrating  solutions,  indicators, 
and  acids  were  used  in  the  investigation.  It  was  found  that 
varying  the  quantity  of  indicator  varied  the  results,  whereas 
the  blank  remained  the  same.  Variation  in  the  acids  used 
slightly  altered  the  results.  The  use  of  ceric  sulfate  solution 
as  an  oxidizing  titrating  solution  produced  accurate  results. 

The  reagents  required  are  the  same  as  for  the  determina¬ 
tion  of  metallic  copper. 


Table  IV.  Total  Reducing  Power  Using  Potassium 
Dichromate 


Metals 

Refining 

Powder  Metals 

Powder  Metals 

Powder  Metals 

Co.,  1011 

and  Alloys,  111 

and  Alloys,  99 

and  Alloys,  105 

% 

% 

% 

% 

101.8 

106.1 

98.2 

108.0 

102.1 

107.0 

99.3 

109.5 

103.4 

106.4 

98.4 

108.5 

102.8 

109.2 

Determination  of  Total  Reducing  Power 

Determining  total  reducing  power  of  cuprous  oxide  pig¬ 
ments  by  solution  of  the  sample  in  hydrochloric  acid-ferric 
chloride  solution,  followed  by  titration  of  the  resulting  ferrous 
iron  with  potassium  dichromate,  using  barium  diphenylamine 
sulfonate  indicator,  was  found  to  be  unsatisfactory.  Results 
obtained  differed  in  some  cases  by  as  much  as  1.5  per  cent, 
although  the  procedure  was  identical  in  each  case  (5).  Table 
IV  lists  the  values  obtained  on  a  number  of  commercial 
samples. 

In  a  report  made  by  the  National  Bureau  of  Standards  in 
March,  1942,  on  the  analysis  of  samples  of  cuprous  oxide,  a 
value  of  98.0  per  cent  was  obtained  for  total  reducing  power 
on  sample  C-16  and  10  days  later  a  value  of  99.0  per  cent 
was  obtained.  As  samples  of  cuprous  oxide  lose  reducing 
power  during  storage,  this  is 
not  consistent  with  other  re¬ 
sults  obtained  on  similar 
samples,  which  showed  a  loss 
in  reducing  power.  The  re¬ 
sults  obtained  by  two  opera¬ 
tors  on  samples  C-17,  C-18, 
and  C-19  varied  as  much  as 
0.5  per  cent  when  run  at  the 
same  time,  which  is  con¬ 
sidered  too  large  an  error  for 
the  determination  of  total 
reducing  power. 

Numerous  instances  were 
found  in  determining  the  per- 


Procedure.  Weigh  accurately  a  0.2-gram  sample  and  place  it 
in  a  250-ml.  vented,  glass-stoppered  Erlenmeyer  flask  previously 
filled  with  carbon  dioxide  gas.  Add  a  few  small  glass  beads  and 
10  ml.  of  ferric  chloride  solution.  Heat  gently  for  15  minutes, 
stirring  occasionally  and  maintaining  a  carbon  dioxide  atmos¬ 
phere  at  all  times.  After  the  sample  has  dissolved,  cool  and  ti¬ 
trate  at  once  with  0.1  N  ceric  sulfate  solution  by  the  procedure 
given  for  the  determination  of  metallic  copper.  Calculate  the 
total  reducing  power  as  cuprous  oxide  and  report  as  such. 

1  ml.  of  0.01  N  ceric  sulfate  =  0.007157  gram  of  cuprous  oxide. 
To  determine  the  percentage  of  cuprous  oxide  multiply  the 
per  cent  of  metallic  copper  by  2.252  and  subtract  from  the  per 
cent  of  total  reducing  power  as  cuprous  oxide.  The  difference  is 
percentage  of  cuprous  oxide. 

To  determine  percentage  of  cupric  oxide,  use  the  following 
formula: 

a  =  Cu20  X  0.888  =  metallic  copper  equivalent  of  Cu20 
b  =  metallic  copper  as  determined 
c  =  total  copper  determined  electrolytically 
c  —  (a  +  b)  =  d  =  per  cent  of  copper  as  CuO 
d  X  1.252  =  per  cent  of  CuO 

Ceric  sulfate,  in  the  determination  of  total  reducing 
power  and  metallic  copper,  has  a  number  of  advantages  over 
potassium  dichromate.  In  the  case  of  the  dichromate  with 
diphenylamine  sulfonate  as  indicator,  a  considerable  quantity 
of  indicator  is  necessary  to  give  a  visible  color  change  at  the 
end  point.  Often  the  change  from  deep  green  to  purple  is 
difficult  to  obtain  sharply,  even  though  an  excess  of  phos¬ 
phoric  and  sulfuric  acid  is  present.  With  o-phenanthroline, 
2  drops  of  indicator  give  a  sharp,  distinct  color  change  at  the 


% 

% 

% 

% 

% 

% 

% 

% 

0.33 

86.07 

0.33 

86.07 

0.83 

86.70 

0.83 

86.70 

1.4 

88.10 

1.4 

88.10 

3.6 

88.01 

3.6 

88.01 

97.80 

97 +5 

97+0 

96.34 

98.92 

97.’ 05 

98 '.  20 
96.50 

100.80 

97.65 

99.70 

96.55 

103.5 

95+0 

102’  1 
94.00 

86  60 
a 

85.87 

0.25 

87.03 

a 

86.25 

0.38 

88.14 

a 

87.15 

1.20 

88.34 

a 

87.10 

1.13 

Sample 


Metallic  Cu 

Total  Cu  (electrolytic) 

Total 

reducing  (  potassium  dichromate 
power  (  ceric  sulfate 
Cu20  (calcd.) 

Total  Cu  calcd.  from  metallic  Cu 
and  Cu20 
CuO,  by  difference 

°  Negative  figure. 


Table  V.  Analyses  of  Commercial  Cuprous  Oxide  Pigments 

Metals  Refining 

Rohm  &  Haas  C  Rohm  &  Haas  F  Co.,  113 


Metals  Refining 
Co.,  1011 
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Table  VI.  Total  Reducing  Power  Using  Ceric 

:  Sulfate 

Metals  Refining 

Metals  Refining 

Powder  Metals 

Powder  Metals 

Co. 

,  228 

Co.,  41 

and  Alloys,  320 

and  Alloys,  278 

Devia¬ 

Devia¬ 

Devia¬ 

Devia¬ 

tion  from 

tion  from 

tion  from 

tion  from 

av. 

av. 

av. 

av. 

% 

% 

% 

% 

% 

% 

% 

% 

99.31 

+0.01 

100.14 

+0.06 

99.03 

-0.04 

97.55 

0.00 

99.36 

+  0.06 

100.10 

+0.02 

99.09 

+  0.02 

97.60 

+  0 . 05 

99.28 

-0.02 

100.05 

-0.03 

99.07 

0.00 

97.61 

+0.06 

99.25 

-0.05 

100.03 

-0.05 

99.10 

+  0.03 

97.49 

-0.06 

99 . 35 

+0.05 

100.11 

+  0.03 

99.07 

0.00 

97.53 

-0.02 

99.23 

-0.07 

100.05 

-0.03 

99.04 

-0.03 

97.50 

-0.05 

Av.  99.30 

0.04 

100.08 

0.04 

99.07 

0.02 

97 . 55 

0.04 

Table  VII.  Total  Reducing  Power  of  Synthetic  Mix¬ 
tures  of  Cuprous  Oxide  and  Cupric  Oxide 


Calcu¬ 

Dichromate 

Ceric  Sulfate 

lated 

Found 

Error 

Found 

Error 

% 

% 

% 

% 

% 

91.53 

91.96 

+0.43 

92.71 

92+1 

-o'io 

85.45 

86 36 

+  6+1 

83.28 

8+40 

+  6+2 

79.75 

80 21 

+  6+6 

77.68 

77+0 

-6+8 

65.59 

66 '24 

+6+5 

66.32 

66  '.i6 

-6+6 

61.25 

61+5 

+  6.40 

60.08 

60 !  i  i 

-6+3 

tion  potential  of  the  ceric  ion  is  very  high,  being 
close  to  that  of  permanganate,  thus  ensuring  a 
rapid,  complete  reaction. 

Table  V  gives  analyses  of  four  commercial 
cuprous  oxides,  using  the  dichromate  and  ceric 
sulfate  methods  for  determining  total  reducing 
power.  In  the  case  of  the  dichromate  titration, 
the  copper  calculated  from  metallic  copper 
and  cuprous  oxide  is  more  than  is  found  by 
determining  total  copper  electrolytically.  The 
ceric  sulfate  method  shows  sufficient  copper 
to  allow  for  the  presence  of  cupric  oxide.  This 
is  more  in  accordance  with  what  is  to  be 
expected,  since  it  is  doubtful  that  commercial 
cuprous  oxides  can  be  manufactured  with  the  total  ex¬ 
clusion  of  cupric  oxide. 

Table  VI  lists  the  results  of  24  determinations  of  four 
commercial  cuprous  oxide  samples  for  total  reducing  power 
by  the  ceric  sulfate  method.  A  maximum  deviation  of 
0.1  per  cent  and  an  average  deviation  of  0.04  per  cent  were 
obtained.  Table  VII  shows  the  results  obtained  for  syn¬ 
thetic  cuprous-cupric  oxide  mixtures  by  the  dichromate  and 
ceric  sulfate  methods. 


Synthetic  mixtures  were  prepared  by  weighing  varying  amounts  of  cuprous 
oxide  and  cupric  oxide  to  total  approximately  0.25  gram  and  determining 
the  total  reducing  power  on  the  entire  sample.  Cuprous  oxide  was  Rohm 
&  Haas  electrolytic  grade  cuprous  oxide  C  (Table  V).  Cupric  oxide  was  a 
reagent  grade  material  with  less  than  0.1  per  cent  total  reducing  power  and 
screened  through  a  325-mesh  screen. 


end  point  with  ceric  sulfate.  No  additional  acids  are  re¬ 
quired.  This  indicator  cannot  be  used  with  dichromate, 
since  the  color  change  from  orange  to  green  is  obscured  by 
the  orange  color  of  the  dichromate  ion.  The  cerous  ion  on 
the  other  hand  is  colorless.  Ceric  sulfate  is  applicable  in  the 
determination  of  reducing  agents  in  the  presence  of  high 
concentrations  of  hydrochloric  acid.  The  oxidation  reduc- 
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Determination  of  Butadiene 

In  the  Presence  of  Other  Unsaturated  and  Saturated  Gaseous  Hydrocarbons 

J.  F.  CUNEO  AND  R.  L.  SWITZER 
Union  Oil  Company  of  California,  Wilmington,  Calif. 


A  RAPID  and  accurate  method  of  analysis  for  1,3-buta- 
diene  is  of  considerable  importance  in  the  present  syn¬ 
thetic  rubber  program.  It  is  well  known  that  the  various 
methods  of  preparation  of  butadiene  give  products  consisting 
of  mixtures  of  compounds,  some  of  which  are  of  a  particularly 
complex  character.  Depending  upon  the  method  of  manu¬ 
facture  butadiene  can  be  associated  with  any  of  the  following 
hydrocarbons:  n-butane,  isobutane,  isobutene,  1-butene, 
m-2-butene,  <rans-2-butene,  methylacetylene,  vinylacetylene, 
and  ethylacetylene.  The  method  of  analysis  for  butadiene 
in  gaseous  mixtures  should  be  rapid  and  accurate,  regardless 
of  the  percentage  of  the  above-mentioned  compounds. 

At  the  present  time  the  usual  method  of  analysis  for  buta¬ 
diene  is  based  on  its  reaction  with  molten  maleic  anhydride 
at  100°  C.  ( 2 ,  6).  When  butadiene  exists  in  the  presence  of 
other  gases,  such  as  isobutene,  butenes,  and  butanes,  a  single 
absorption  cannot  be  used,  since  the  gases  associated  with  the 


butadiene  will  be  absorbed  by  the  maleic  anhydride,  giving 
incorrect  results.  To  overcome  this  error  the  molten  maleic 
anhydride  must  first  be  treated  with  a  portion  of  the  sample 
to  be  tested  so  that  equilibrium  with  all  gases  present  ex¬ 
clusive  of  butadiene,  particularly  isobutene,  will  be  estab¬ 
lished.  When  equilibrium  is  reached,  another  portion  of  the 
gaseous  mixture  is  again  absorbed,  and  the  operations  are 
repeated  until  check  values  for  the  butadiene  are  obtained. 

It  is  desirable  to  estimate  first  the  amount  of  butadiene  in 
the  gaseous  mixture  before  carrying  out  the  determination, 
since  it  has  been  found  necessary  by  some  investigators  to 
dilute  the  mixture  with  nitrogen  when  the  butadiene  is  pres¬ 
ent  in  high  percentages. 

This  paper  describes  a  method  for  the  determination  of 
butadiene  in  gaseous  hydrocarbon  mixtures  free  of  acetyl¬ 
enes.  It  has  been  found  possible  to  remove  the  acetylenes 
commonly  associated  with  the  butadiene  and  butenes  pro- 
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Table  I.  Butadiene  Content  of  Synthetic  Blends 


C4H6  Determined 
Unsaturation  By  hydro- 


No. 

7l-C4Hl0 

-Blend — 
i-CiHs 

C4H6  ' 

By  hydro¬ 
genation 

By  Hg(N03)2 
solution 

genation 

Hg(NOg)2 

By  maleic 
anhydride 

% 

% 

% 

% 

% 

% 

% 

1 

16.3 

0 

83.7 

167.4 

83.7 

83.7 

83.6 

2 

15.5 

19.3 

65.2 

149.9 

84.7 

65.2 

64.0 

3 

17.8 

29.9 

52.3 

134.6 

82.4 

52.2 

51.8 

4 

21.6 

45.6 

32.8 

113.6 

81.1 

32.5 

31.8 

5 

18.2 

53.4 

28.4 

110.1 

81.7 

28.4 

28.6 

6 

19.6 

65.1 

15.3 

95.7 

80.6 

15.1 

15.0 

duced  by  cracking  petroleum  stocks  without 
affecting  the  relative  proportion  of  the  re¬ 
maining  gaseous  constituents.  Details  of  this 
method  will  be  published  later. 

The  determination  of  butadiene  consists  of 
two  fundamental  operations:  (1)  absorption 
of  the  alkenes  and  alkadienes  in  a  mercuric 
nitrate  solution;  (2)  hydrogenation  of  the 
alkenes  and  alkadienes  to  alkanes. 

From  these  data  the  mole  per  cent  of 
alkadienes  in  the  hydrocarbon  mixture  may 
be  calculated  by  the  following  equation: 

mole  %  alkadiene  =  (mole  %  unsaturation  by  hydrogenation)  — 
(mole  %  unsaturation  by  mercuric  nitrate 
absorption) 

Apparatus  and  Material 

All  inorganic  chemicals  used  were  of  reagent  grade.  The 
anhydride  was  obtained  from  the  Eastman  Kodak  Company. 
The  apparatus  required  for  the  analysis  of  hydrocarbon  gases 
containing  butadiene  consists  of  the  following: 

1.  Any  suitable  type  of  analytical  hydrogenation  apparatus 
can  be  used.  For  this  work  the  apparatus  was  patterned  after 
the  design  described  in  the  Universal  Oil  Products  handbook 
with  no  essential  modification  (7). 

2.  An  Orsat  apparatus,  having  the  gas  buret  calibrated  so 
that  the  smallest  division  is  not  greater  than  0.1  ml.  and  equipped 
with  at  least  three  bubblers,  preferably  the  Fisher  valve  bubbler- 
type  pipet  (4)  is  used. 

3.  The  solutions  used  in  the  bubbler  pipets  are  30  per  cent 
potassium  hydroxide  in  one  and  mercuric  nitrate  solution  in  the 
other  two.  The  second  pipet,  containing  mercuric  nitrate  solu¬ 
tion,  is  used  alternately  with  the  first  one. 

The  most  satisfactory  composition  of  the  mercuric  nitrate 
reagent  is: 

600  grams  of  mercuric  nitrate,  Hg(NC>3)2 
1250  grams  of  sodium  nitrate,  NaN03 
383  ml.  of  70  per  cent  nitric  acid,  HNO3 
2100  ml.  of  distilled  water 


Procedure 

The  sample  is  passed  through  mercuric  nitrate  solution  until 
the  absorption  is  complete.  This  operation  requires  five  or  six 
cycles  if  a  fresh  solution  is  in  the  bubbler  at  the  beginning  of  the 
operation.  When  the  solution  is  partially  spent,  additional 
passes  may  be  required  to  obtain  the  same  result.  Samples  rich 
in  isobutene  will  cause  a  yellow  precipitate  to  form,  which  at  first 
is  redissolved  by  the  reagent.  Further  additions  of  isobutene 
cause  a  permanent  precipitate  to  form  and  collect  on  the  surface 
of  the  pipet.  At  this  point  it  is  necessary  to  replace  the  solution 
with  fresh  mercuric  nitrate  reagent.  After  complete  absorption 
in  the  mercuric  nitrate  pipet,  the  remaining  gas  is  scrubbed  in 
the  caustie  bubbler  to  remove  any  traces  of  nitric  acid.  Both 
the  alkenes  and  alkadienes  are  absorbed  by  the  mercuric  salt. 
If  the  gas  is  completely  or  nearly  soluble  in  the  solution,  it  is 
necessary  to  add  some  inert  gas  to  act  as  a  carrier  to  enable  the 
gas  to  contact  the  reagent  effectively ;  air  may  be  used  for  this. 

The  hydrogenation  value  of  an  aliquot  portion  of  the  same  gas 
sample  is  now  determined  by  mixing  a  known  volume  of  the  un¬ 
known  gas  with  an  excess  amount  of  oxygen-free  hydrogen  ( 3 ). 
Since  the  catalyst  is  poisoned  by  oxygen,  carbon  monoxide,  or 
hydrogen  sulfide,  it  is  essential  that  the  gas  be  free  of  these  con¬ 
stituents.  The  presence  of  moisture  will  also  lead  to  erroneous 
results,  so  the  gas  sample  and  the  hydrogen  should  be  thoroughly 
dried  before  they  are  introduced  into  the  measuring  burets.  The 
resulting  mixture  is  then  passed  through  the  nickel  catalyst  until 
a  constant  volume  is  reached.  The  decrease  in  volume  is  cal¬ 
culated  in  terms  of  percentage  hydrogenation  after  applying  a 
correction  for  the  deviation  of  the  hydrogen-hydrocarbon  mix¬ 
ture  from  the  ideal  gas  volume  ( 1 ,  5). 

Experimental  Results 

The  method  was  applied  to  synthetic  blends  of  n-butane, 
isobutene,  and  butadiene.  These  known  mixtures  were  pre¬ 
pared  by  weighing  definite  amounts  of  each  hydrocarbon  gas 
into  a  stainless  steel  bomb.  A  comparison  of  the  butadiene 


content  by  the  maleic  anhydride  method  for  known  blends 
is  given  in  Table  I. 

Discussion 

The  results  obtained  by  maleic  anhydride  absorption, 
though  fairly  close  in  most  cases,  fail  to  agree  with  the  known 
values  as  well  as  the  results  obtained  by  this  method.  In 
carrying  out  the  maleic  anhydride  method  the  pressure  above 
the  molten  anhydride  must  be  kept  as  close  to  atmospheric  as 
possible.  Substantial  variations  in  the  pressure  cause  a 
considerable  difference  in  the  amount  of  nonreactive  gases 
which  will  dissolve  in  maleic  anhydride.  It  must  also  be 
assumed  that  the  solubility  of  the  gases,  other  than  the  buta¬ 
diene  in  the  tetrahydrophthalic  anhydride,  is  the  same  as  it  is 
in  the  maleic  anhydride. 

It  has  been  observed  that,  before  an  operator  can  obtain 
reproducible  results  by  the  maleic  anhydride  method,  a  cer¬ 
tain  amount  of  manipulative  skill  must  be  acquired,  whereas 
the  method  described  requires  little  experience  to  give  satis¬ 
factory  results. 

Isobutene  was  used  in  the  blends  (see  Table  I)  in  place  of 
some  other  butene,  because  there  has  been  some  question  as 
to  whether  the  mercuric  nitrate  unsaturation  value  could  be 
depended  upon  when  the  sample  contained  isobutene.  The 
tabulated  results  show  that  quantitative  absorption  of  iso¬ 
butene,  as  well  as  butadiene,  can  be  easily  accomplished, 
provided  the  mercuric  nitrate  reagent  is  replaced  as  soon  as 
any  appreciable  crystallization  of  the  hydrocarbon-mercuric 
salt  occurs  in  the  solution. 

The  recovery  of  mercury  from  the  spent  solutions  is 
accomplished  by  collecting  the  spent  reagent  in  a  jar  and  sus¬ 
pending  a  strip  of  lead  in  the  liquid.  The  solution  should  be 
made  acid  with  concentrated  nitric  acid.  Lead  will  replace 
the  mercury  in  solution,  and  metallic  mercury  will  collect  in 
the  bottom  of  the  jar.  This  helps  to  eliminate  the  cost  in¬ 
volved  by  the  use  of  mercury  salts. 
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Determination  of  Iron  in  Water 

A  Modified  Colorimetric  Procedure 

FRANCIS  J.  HALLINAN 
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THE  method  described  was  developed  because  of  the  need 
in  routine  water  analysis  for  a  more  satisfactory  and  less 
time-consuming  procedure  than  that  in  the  standard  meth¬ 
ods  ( 1 ).  The  presence  of  iron  is  of  concern  in  the  treatment, 
distribution,  and  use  of  water,  particularly  iron  as  soluble 
salts  or  as  suspended  oxides  in  “red  waters”.  Iron  in  either 
form  is  readily  soluble  in  hot  acid  solutions.  Insoluble  iron 
compounds,  such  as  are  present  in  suspended  soil  particles, 
are  of  relatively  minor  significance  in  water  conditioning; 
they  do  not  indicate  corrosion,  nor  is  the  deleterious  effect 
of  soil  suspensions  due  primarily  to  their  iron  content.  The 
basic  features  of  the  modified  technique  are,  therefore,  di¬ 
gestion  of  the  sample  for  a  brief  period  with  a  relatively  high 
concentration  of  hydrochloric  acid,  followed  by  cooling, 
oxidation  with  potassium  permanganate,  and  addition  of 
potassium  thiocyanate.  Thiocyanate  was  selected  in  prefer¬ 
ence  to  several  other  reagents  because  it  yields  a  satisfactory 
color  reaction  with  iron  in  strong  acid  solution  (3) . 

Colorimetric  Determination  of  Iron  in  Water 

The  method  is  designed  to  measure  iron  present  as  soluble 
salts  or  suspended  oxides  in  either  the  ferrous  or  ferric  condi¬ 
tion.  A  small  proportion  of  the  iron  compounds  in  soil 
washings  may  also  be  sufficiently  soluble  in  acid  to  be  meas¬ 
ured. 

If  only  soluble  iron  salts  are  to  be  determined,  the  sample 
should  be  filtered  at  the  time  of  collection  to  avoid  precipita¬ 
tion  due  to  loss  of  carbon  dioxide  or  to  oxidation  of  iron  re¬ 
sulting  from  aeration. 

Reagents.  All  reagents  are  prepared  from  chemicals  of 
reagent  grade. 

Stock  Ferric  Iron  Solution.  Dissolve  0.7022  gram  of  crystal¬ 
lized  ferrous  ammonium  sulfate,  FeSOANHihSCh.O^O,  in  50 
ml.  of  distilled  water  and  5  ml.  of  concentrated  sulfuric  acid. 
Add  potassium  permanganate  until  the  pink  color  persists  for  1 
minute.  Dilute  to  1  liter  with  distilled  water;  1  ml.  contains 
0.1  mg.  of  iron. 

Standard  Ferric  Iron  Solution.  Dilute  10  ml.  of  the  stock 
solution  to  100  ml.  with  distilled  water  just  before  using;  1  ml. 
contains  0.01  mg.  of  iron. 

Potassium  Thiocyanate,  Approximately  3  M.  Dissolve  291 
grams  of  the  dry  salt  in  distilled  water  and  dilute  to  1  liter. 

Hydrochloric  Acid,  Approximately  4  M.  Dilute  100  ml.  of 
the  concentrated  acid,  specific  gravity  1.18  to  1.20,  with  200  ml. 
of  distilled  water. 

Potassium  Permanganate,  Approximately  0.2  N.  Dissolve 
6.3  grams  in  1  liter  of  distilled  water. 

Preparation  of  Iron  Standards.  Dilute  0.09-,  0.3- . 

12.0-ml.  portions  of  standard  iron  solution  to  30  ml.  with  dis¬ 
tilled  water.  Proceed  as  with  samples  but  omit  heating. 

Preparation  of  Permanent  Standards.  Potassium  Chloro- 
platinate,  K^PtCle-  Dissolve  4  grams  in  distilled  water.  Add 
200  ml.  of  concentrated  hydrochloric  acid  and  dilute  to  1  liter 
with  distilled  water. 

Cobaltous  Chloride,  C0CI2.6H2O.  Dissolve  48  grams  in 
distilled  water.  Add  200  ml.  of  concentrated  hydrochloric  acid 
and  dilute  to  1  liter  with  distilled  water. 

Cupric  Chloride,  CuCl2.2H20.  Dissolve  12  grams  in  distilled 
water.  Add  100  ml.  of  concentrated  hydrochloric  acid  and 
dilute  to  1  liter  with  distilled  water. 

Procedure.  Put  the  volumes  of  color  solutions  specified  in 
Table  I  into  50-ml.  Nessler  tubes  or  2-ounce  (28-mm.)  French 
square  bottles,  as  designated,  and  make  up  to  50  ml.  with  dis¬ 
tilled  water.  Compare  these  solutions  with  freshly  prepared 
iron  standards  and,  if  necessary,  adjust  the  volumes  of  color 
solutions  to  secure  a  close  visual  match  with  the  reagents  and 


lighting  conditions  used.  Repeat  this  comparison  with  iron 
standards  whenever  new  solutions  are  prepared. 

Examination  of  Samples.  Measure  30  ml.  of  sample  into 
a  2-ounce  French  square  bottle  of  clear  colorless  glass,  add  20  ml. 
of  4  M  hydrochloric  acid,  and  heat  in  a  water  bath  at  a  tempera¬ 
ture  just  below  boiling  for  20  minutes.  Allow  to  cool  to  room 
temperature.  Add  1  drop  of  0.2  N  potassium  permanganate,  or 
enough  to  maintain  a  perceptible  color  for  1  minute.  Add  5  ml. 
of  3  M  potassium  thiocyanate,  mix,  and  compare  at  once  with 
color  standards  in  identical  bottles,  using  diffuse  daylight  or 
light  from  a  fluorescent  daylight  lamp.  If  less  than  0.4  p.  p.  m. 
of  iron  is  present,  transfer  at  once  to  a  50-ml.  Nessler  tube  and 
compare  with  color  standards  in  identical  tubes.  If  the  iron 
concentration  is  greater  than  4.0  p.  p.  m.,  repeat  the  test  with  a 
smaller  volume  of  sample  diluted  to  30  ml.  with  distilled  water. 

Solution  of  Suspended  Iron.  The  proposed  method 
was  selected  after  trial  of  varying  combinations  of  acidity 
and  heating  time,  so  as  to  dissolve  principally  the  significant 
forms  of  iron.  However,  no  sharp  line  of  demarcation  be¬ 
tween  the  two  forms  of  iron  based  on  the  ease  of  dissolution 
in  acid  is  possible,  since  soil  washings  may  contain  simple 
oxides,  and  scale  from  corroded  conduits  may  be  difficultly 
soluble  in  acid. 

Determination  of  the  Smallest  Significant  Amount 
of  Iron.  A  concentration  of  0.1  p.  p.  m.  was  taken  as  the 
smallest  significant  value;  this  is  the  lowest  value  for  which 
a  permanent  standard  is  described  in  standard  methods  ( 1 ), 
based  upon  a  100-ml.  sample.  In  the  proposed  method  the 
determination  of  iron  at  this  concentration  without  evapora¬ 
tion  of  the  sample  or  removal  of  excess  acid  was  accomplished 
by  increasing  the  amount  of  potassium  thiocyanate.  The 
effect  of  such  an  increase  is  shown  in  the  curve  of  Figure  1, 
which  represents  the  relative  proportions  of  iron  and  thio¬ 
cyanate  required  for  equivalent  color  development.  As  in¬ 
dicated,  0.003  mg.  of  iron  or  30  ml.  of  sample  at  0.1  p.  p.  m. 
and  the  designated  potassium  thiocyanate  concentration, 
approximately  0.3  M,  yields  as  deep  a  color  as  the  lowest 
permanent  standard  in  the  standard  methods.  Another 
permanent  standard  of  lighter  color  representing  0.03  p.  p.  m. 
with  the  proposed  method  has  also  been  found  satisfactory 
for  routine  use. 


Table  I.  Preparation  of  Permanent  Color  Standards 


Equivalent 
Concentration 
of  Iron  in 

Platinum 

Cobalt 

Copper 

30-MI.  Sample 

Solution 

Solution 

Solution 

P.  p.  m. 

Ml. 

Ml. 

Ml. 

For  use  in 

0.03 

50-ml.  Nessler  tubes,  240  mm.  to  mark 

0.40  0.47 

1.00 

0.10 

0.75 

0.80 

1.56 

0.20 

1.25 

1.25 

1.33 

0.30 

1.63 

1.72 

1.15 

0.40 

1.95 

2. 17 

1.00 

0.50 

2.20 

2.65 

0.80 

For  use  in 

0.40 

2-ounce  (28-mm.)  French  square  bottles 

1.90  1.00 

0.20 

0.60 

2.60 

1.90 

0.80 

1.0 

4.60 

3.80 

4.60 

1.5 

6.90 

6. 15 

6.60 

2.0 

8.95 

8.45 

8.00 

2.5 

11.0 

10.8 

9.20 

3.0 

12.6 

13.2 

10.2 

4.0 

15.6 

17.8 

11.6 
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Table  II.  Influence  of  Sodium  Hexametaphosphate  on 
Thiocyanate  Color  Reaction  with  Iron 

(All  concentrations  expressed  as  p.  p.  m.  in  50  ml.  or  molarity) 

Standard  Standard 

Standard  Method  with  Method  with  Proposed 


Method 

HC1  concentration  0.05  M 

KSCN  concentration  0.02  M 

Sodium 

Hexameta¬ 
phosphate  Iron 

Calculated  Calculated 

Added  HC1  Added  KSCN 
1.6  M  0.05  M 

0.02  M  0.3  M 

Iron  Observed 

Method 
1.6  M 
0.3  M 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P .  p.  m. 

2 

1.0 

0.75 

0.9 

1.0 

1.0 

5 

1.0 

0.65“ 

0.9 

0.9 

1.0 

10 

1.0 

0.4“ 

0.9 

0.86 

1.0 

20 

1.0 

0.1“ 

0.9 

0.6“ 

1.0 

2 

5.0 

4.8 

5.0 

5.0 

5.0 

5 

5.0 

4.36 

5.0 

4.5 

5.0 

10 

5.0 

3.5“ 

4.9 

4.26 

5.0 

20 

5.0 

2.5“ 

4.8 

4.0“ 

4.9 

a  Markedly  different  hue  from  that  of  iron  standards;  6  slightly  different; 
“  so  different  that  accurate  reading  in  terms  of  standards  was  impossible. 


Influence  of  Organic  Matter.  The  usual  precaution 
of  destroying  organic  matter  by  wet  or  dry  combustion  is 
probably  essential  for  an  exact  determination  of  iron  in  many 
materials.  However,  in  the  examination  of  a  few  iron¬ 
bearing  samples  of  water  selected  as  representing  clear  waters 
of  high  organic  content,  the  proposed  method  yielded  results 
identical  with  those  of  duplicate  samples  previously  evapo¬ 
rated,  ignited,  and  redissolved  with  the  hydrochloric  acid 
reagent.  Oxygen-consumed  values  of  these  samples  were  1.1, 
1.9,  4.3,  6.4,  and  22.4  p.  p.  m.;  the  colors  were  5,  7,  90,  180, 
and  0  p.  p.  m.,  respectively.  Thus  it  would  appear  that  the 
usual  forms  of  organic  matter  may  be  present  in  large  amounts 
and  not  interfere  with  the  determination  of  iron  in  water  by 


Figure  1.  Objective  Simulation  of  Variation  of  Thresh¬ 
old  Sensitivity  with  Thiocyanate  Concentration 

Curve  represents  points  giving  same  transmission  through  4  cm.  of  the 
solution  with  light  previously  passed  through  No.  54  green  filter  as  meas¬ 
ured  by  a  Klett-Summerson  colorimeter.  All  solutions  were  made  to 
contain  1.6  M  hydrochloric  acid.  Transmission  selected  was  that  given 
by  0.01-mg.  iron  standard  prepared  as  described  in  standard  methods. 

this  technique.  Elimination  of  this  interference  appears  due 
to  the  high  acid  concentration  with  which  potassium  perman¬ 
ganate  is  used  to  oxidize  ferrous  iron.  There  may  be  in¬ 
stances  when  compounds  of  iron  and  organic  matter  are  pres¬ 
ent  that  do  not  react  with  thiocyanate  under  the  conditions 
of  the  test.  Such  iron  compounds,  however,  would,  like 
those  in  soil  washings,  be  of  little  interest  in  problems  of  water 
treatment,  distribution,  or  use. 

Influence  of  Copper.  The  thiocyanate  reaction  with 
copper  is  about  as  sensitive  as  that  with  iron.  Since  the  hue 
of  the  color  developed  is  markedly  different  for  the  two 
metals,  copper  interference  is  evident  on  comparison  with 


standards  if  its  proportion  to  iron  is  high.  This  difference 
in  hue  has  often  indicated  the  desirability  of  examining  a 
particular  sample  for  copper  and  for  iron  by  a  more  specific 
test,  such  as  that  suggested  by  Swank  and  Mellon  (2). 
Whenever  the  treated  samples  and  color  standards  are  alike 
in  hue,  copper  may  be  considered  absent  or  its  concentration 
low  compared  to  that  of  iron. 

Interference  by  Sodium  Hexametaphosphate  and  by 
Sodium  Pyrophosphate.  Various  dilutions  of  sodium  hexa¬ 
metaphosphate  and  of  iron  were  examined  for  iron  with 
thiocyanate  in  the  concentrations  specified  in  the  standard 
method  and  in  the  proposed  method,  but  without  heating. 
Both  thiocyanate  concentrations  were  used  with  the  hydro¬ 
chloric  acid  concentrations  given  in  each  method,  making  a 
total  of  four  combinations.  All  color  comparisons  were  made 
with  iron  standards  treated  with  the  amounts  of  reagents 
used  in  the  hexametaphosphate-treated  sample.  The  re¬ 
sults  shown  in  Table  II  indicate  a  marked  advantage  for  the 
proposed  method,  owing  principally  to  the  high  acid  con¬ 
centration  used. 


Table  III.  Recovery  of  Iron  Added  to  Natural  Waters 


Original  Water 


Plus  1  P.  P.  M. 
of  Iron 

Recovery  of 
Iron  Added 

Color“ 

Turbidity0 

Iron 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P .  p.  m. 

0 

0 

0 

1.00 

1.00 

27 

Trace 

<0.1 

1.00 

0.95 

80 

2 

0.30 

1.20 

0.90 

10 

10 

0.80 

1.75 

0.95 

0 

25 

3.00 

4.00 

1.00 

10 

5 

1.00 

2.06 

1.06 

28 

18 

1.30 

2.30 

1.00 

3 

5 

1.00 

2.00 

1.00 

0 

10 

1.85 

2.88 

1.03 

0 

10 

1.27 

2.31 

1.04 

28 

7 

1.07 

2.00 

0.93 

55 

Trace 

0.60 

1.60 

1.00 

a  Determined  by  procedure  in  standard  methods  (!)• 


The  colors  developed  by  iron  with  thiocyanate  in  the  pres¬ 
ence  of  concentrations  of  sodium  hexametaphosphate  above 
10  p.  p.  m.  varied  considerably  in  a  series  of  replicates,  so 
that  the  extent  of  interference  at  higher  concentrations  could 
not  be  determined  accurately.  If  the  solutions  of  sodium 
hexametaphosphate  and  iron  are  heated  as  specified  in  each 
of  the  two  methods,  this  interference  is  markedly  diminished, 
but  it  is  still  greater  with  the  standard  method.  When  the 
proposed  method  was  used  with  heating,  1000  p.  p.  m.  of 
sodium  hexametaphosphate  reduced  the  color  due  to  1.0 
and  5.0  p.  p.  m.  of  iron  less  than  10  per  cent.  Similar  results 
were  obtained  with  sodium  pyrophosphate  with  or  without 
heating. 

Color  Standards.  The  permanent  color  standards  de¬ 
scribed  in  Table  I  are  prepared  from  solutions  of  potassium 
chloroplatinate,  cobalt  chloride,  and  copper  chloride.  The 
first  two  materials  could  be  blended  satisfactorily  for  hue 
alone  but  all  three  are  essential  for  both  the  required  hue  and 
brightness.  These  permanent  color  standards  represent  a 
close  visual  match  for  iron  standards  and  are  simpler  to  use. 
After  6  months  of  routine  use  they  were  also  a  close  visual 
match  for  freshly  prepared  standards. 

Precision.  The  precision  of  the  method  is  illustrated  by 
the  recovery  experiments  in  Table  III.  In  each  case  the 
value  found  for  iron  compared  favorably  with  the  amount 
added. 

Di  scussion 

The  proposed  method  has  a  number  of  advantages  over  the 
standard  method  (I),  particularly  when  large  numbers  of 
samples  are  examined  routinely.  It  obviates  the  segregation 
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of  silt-bearing  waters  and  of  those  of  varying  organic  content 
for  separate  treatment.  Since  the  hydrochloric  acid  used  to 
dissolve  suspended  iron  is  not  removed  by  evaporation,  no 
fume  hood  is  required.  Hydrochloric  acid  is  used  rather 
than  nitric  acid,  since  the  latter  decomposes  on  storage  un¬ 
less  protected  from  light.  The  deep  color  obtained  by  add¬ 
ing  a  large  amount  of  thiocyanate  permits  the  use  of  a  com¬ 
paratively  small  sample.  When  relatively  large  amounts  of 
thiocyanate  and  acid  are  used,  the  hue  and  intensity  of  color 
produced  with  the  iron  are  not  affected  by  moderate  varia¬ 
tions  in  concentration.  The  2-ounce  French  square  bottles 
used  for  the  test  are  inexpensive,  may  be  stored  compactly, 
and  are  subject  to  relatively  slight  loss  from  breakage.  The 
attention  required  when  individual  samples  are  boiled  with 
acid  or  evaporated  and  redissolved  in  acid  is  avoided  by 
heating  in  a  water  bath  under  conditions  that  involve  no 
change  in  volume  or  acidity.  Interference  by  copper  is  ap¬ 
proximately  the  same  for  both  methods,  but  interference 
due  to  sodium  hexametaphosphate  or  sodium  pyrophosphate 
is  negligible.  Compared  with  a  number  of  other  color  reac¬ 


tions  for  iron,  the  one  described  is  simpler,  since  it  is  ap¬ 
plicable  in  strong  acid  solution. 

Summary 

The  simple  colorimetric  thiocyanate  method  described 
for  the  determination  of  iron  in  water  is  applicable  in  the 
presence  of  amounts  of  organic  matter,  sodium  hexameta¬ 
phosphate,  or  sodium  pyrophosphate  greater  than  are 
likely  to  be  encountered.  The  test  is  not  applicable  in  the 
presence  of  copper;  in  such  instances  it  constitutes  a  quali¬ 
tative  test  for  this  material.  The  color  standards  are  stable 
for  at  least  6  months. 
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THE  development  of  the  chemistry  of  hafnium  since  its 
discovery  in  1923  has  not  been  particularly  extensive. 
The  lack  of  a  convenient  method  for  the  separation  of  hafnium 
from  zirconium  has  undoubtedly  been  the  principal  deterring 
factor.  Previous  methods  have  involved  fractional  crystalli¬ 
zation  of  the  hexafluorides  {2)  or  oxychlorides  (4)  and  frac¬ 
tional  decomposition  of  complex  ions  of  zirconium-hafnium 
formed  with  sulfuric  acid,  phosphoric  acid,  hydrofluoric 
acid,  dicarboxylic  acids,  alpha-hydroxycarboxylic  acids,  and 
polyhydroxy  alcohols  ( 1 )  to  yield  the  oxides,  phosphates,  or 
ferrocyanides  {10)  as  precipitates. 

These  methods  require  a  large  number  of  fractional  separa¬ 
tions,  entail  the  handling  of  highly  corrosive  solutions,  or 
utilize  expensive  reagents,  all  of  which  make  large-scale 
operations  impractical.  The  direct  precipitation  of  the 
phosphate  in  dilute  acid  solution  has  never  been  carried 
through  for  the  fractionation  of  zirconium-hafnium  com¬ 
pounds,  although  it  is  known  that  hafnium  phosphate  is  less 
soluble  than  zirconium  phosphate  {3,  5,  8) . 

The  utilization  of  the  phosphates  is  handicapped  by  the 
gelatinous  character  of  the  usual  phosphate  precipitate,  which 
results  in  slow  filtration  and  inefficient  washing,  and  by  the 
lack  of  a  convenient  method  for  converting  the  insoluble 
phosphate  into  soluble  compounds  for  reprecipitation.  Both 
these  difficulties  have  been  overcome  and  a  more  satisfactory 
method  for  the  concentration  of  hafnium  oxide  has  been 
developed. 

1  Present  address.  University  of  Wisconsin,  Madison,  Wis. 

2  Present  address,  Purdue  University,  Lafayette,  Ind. 

2  Present  address,  University  of  Kentucky,  Lexington,  Ky. 


Source  of  Material 

The  ore  used  in  this  investigation  was  cyrtolite,  an  altered 
zircon  which  conforms  approximately  to  the  formula  R3Y2- 
(Zr,Hf)(Si04)i2-  It  was  obtained  from  deposits  near  Bedford, 
N.  Y.,  and  Hybla,  Ontario. 

Ordinarily  silicates  are  not  easily  attacked  by  acid  treatment, 
and  must  be  handled  by  some  fusion  method.  Urbain  ( 9 ), 
however,  reported  successful  extraction  by  sulfuric  acid  at  65°  C. 
of  malacon,  an  altered  zircon.  Recently  Schumb  and  Pittman 
{10)  noted  that  cyrtolite  yielded  to  sulfuric  acid  treatment,  but 
gave  no  details  of  the  procedure.  Van  Osdall  {11)  made  pre¬ 
liminary  investigations  on  the  acid  “cracking”  of  cyrtolite,  which 
resulted  in  satisfactory  yields. 

To  be  susceptible  to  acid  attack,  the  ore  must  be  in  a 
finely  divided  state.  When  material  of  particle  size  larger 
than  that  separated  by  100-  or  200-mesh  screens  is  treated 
with  concentrated  sulfuric  acid,  the  yields  are  not  satisfactory. 
After  an  exhaustive  series  of  quantitative  experiments  to 
determine  the  optimum  conditions  for  the  acid  cracking  of  the 
ore,  the  following  procedure  was  found  to  give  nearly  100 
per  cent  extraction  of  the  zirconium-hafnium  content  in  a 
minimum  of  time. 

One  hundred  grams  of  200-mesh  ore  and  200  grams  of  concen¬ 
trated  sulfuric  acid  are  mixed  in  an  evaporating  dish  and  placed 
on  a  hot  sand  bath.  After  about  20  minutes  the  temperature 
reaches  a  maximum  of  210°  to  220°  C.  and  the  mixture  begins 
to  thicken.  The  heating  process  continues  for  about  10  minutes, 
or  until  a  stiff  mud  results.  At  this  point  heating  is  discontinued, 
and  the  “cracked”  ore  is  cooled  and  added  with  stirring  to  500 
ml.  of  water.  The  addition  of  10  ml.  of  10  per  cent  glue  solution 
aids  in  coagulation  and  filtration  of  the  insoluble  material.  The 
solution  is  filtered  and  the  residue  on  the  funnel  washed  with 
water.  The  filtrates  are  combined.  Treatment  of  the  residue 
with  sulfuric  acid  under  the  same  conditions  does  not  result  in 
any  further  loss  of  weight. 
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Table  I.  Determination  of  Hafnium  Oxide 
HfOs  by  Density  HfOj  by  Selenites 

%  % 

17.1 

23.6 
51.0 
93.3 

97.7 


16.8 

23.2 

50.4 

87.8 

89.0 


Method  of  Analysis 

Because  of  the  large  number  of  zirconium-hafnium  samples 
to  be  analyzed,  a  rapid  method  of  analysis  was  desired.  Of 
the  methods  available  at  the  time  this  work  was  started,  the 
density  determination  of  the  ignited  oxides  seemed  most 
satisfactory.  Difficulties  with  adsorbed  gases  and  the 
preparation  of  the  samples  were  overcome  by  the  following 
procedure : 

Sufficiently  purified  zirconium-hafnium  solution  is  taken  to 
provide  1  to  1.5  grams  of  the  ignited  oxide.  (The  sample  is  puri¬ 
fied  by  the  solution  of  the  hydrated  oxides  in  concentrated  hydro¬ 
chloric  acid  and  subsequent  crystallization  of  the  oxychlorides. 
The  iron  is  removed  by  washing  the  oxychlorides  with  ether.) 
The  hydrated  oxide  is  precipitated  from  solution  with  ammonium 
hydroxide,  washed  free  of  sulfate  ion,  and  ignited  over  a  Fisher 
burner  (ca.  900°  C.)  to  constant  weight.  The  oxide  is  ignited  once 
more,  transferred  to  a  weighed  pycnometer,  and  the  weight  of  the 
sample  determined.  The  oxide  is  covered  with  about  1  ml.  of 
freshly  boiled  distilled  water  and  the  pycnometer  is  then  placed 
in  a  vacuum  desiccator  where  it  remains  until  gas  bubbles  no 
longer  rise  from  the  surface  of  the  oxide.  It  is  assumed  that  the 
oxide  has  been  degassed  when  bubbles  cease  to  be  eliminated. 
The  pycnometer  is  then  filled  with  water  and  the  thermometer 
inserted.  The  apparatus  is  placed  in  a  constant-temperature 
bath  at  25.00  ±  0.01°  C.  and  allowed  to  come  to  equilibrium. 
The  liquid  level  in  the  side  arm  is  brought  to  the  calibration  mark, 
and  the  pycnometer  is  removed  from  the  bath  and  weighed  when 
dry. 


Table  II.  Precipitation  of  Zirconium  Phosphates 


RO2  Precipitated 

Ratio  of 

Theory 

Actual 

Actual  to  Theory 

% 

% 

Van  Osdall  Method 

10.0 

14.3 

1.43 

15.0 

22.2 

1.47 

22.5 

38.4 

1.55 

35.0 

56 . 6 

Proposed  Method 

1.64 

50.0 

51.7 

1.03 

58.0 

62.4 

1.08 

66.0 

69.2 

1.05 

When  this  procedure  is  carefully  followed,  the  densities  of 
different  samples  prepared  from  the  same  solution  are  re¬ 
producible  to  ±0.02.  The  per  cent  of  hafnium  oxide  is 
calculated  from  the  following  formula  ( 6 ) : 

Per  cent  Hf02  =  ~  ^Zr°2  x  X  100 

^Hf02  tfZr02 


The  values  for  the  densities  of  pure  zirconium  oxide  and 
pure  hafnium  oxide  prepared  by  ignition  of  the  normal  sul¬ 
fates  have  been  reported  by  von  Hevesy  (6)  as  5.73  and  9.74, 
respectively.  A  sample  of  hafnium-free  oxide  prepared  by 
the  ignition  of  the  hydrated  oxide  over  a  Fisher  burner  gave 
a  value  of  5.62  ±  0.02  rather  than  5.73  for  the  density.  When 
ignited  in  a  muffle  furnace  for  2  hours  at  900°  C.  a  density  of 
5.64  was  obtained.  Since  a  low  value  for  the  density  of  zir¬ 
conium  oxide  was  obtained,  it  was  assumed  that  a  low  value 


for  the  density  of  hafnium  oxide  would  also  result  from  this 
method  of  preparation.  Thus  the  value  of  9.67  as  previously 
reported  by  von  Hevesy  (7)  was  selected  and  used  in  all 
calculations,  with  5.62  for  zirconium  oxide. 

In  order  to  have  an  independent  check  upon  the  per  cent 
of  hafnium  oxide  present  in  any  sample,  the  method  of 
analysis  described  by  Schumb  and  Pittman  (10)  was  used. 
This  involves  precipitation  of  the  basic  zirconium-hafnium 
selenites,  digestion  to  the  normal  selenites,  (Zr,  Hf)(Se03)2, 
and  ignition  to  the  oxides  of  a  washed  and  dried  sample  of  the 
mixed  selenites.  In  all  cases  the  values  obtained  by  the 
selenite  method  (Table  I)  are  higher,  but  fall  within  the 
accuracy  of  the  methods  except  in  the  hafnium  oxide-rich 
region.  (The  relation  of  time  and  temperature  of  ignition 
to  density,  crystal  structure,  and  composition  of  various 
zirconium  oxide-hafnium  oxide  mixtures  is  now  under  in¬ 
vestigation.) 


Figure  1.  Apparatus  Assembled  for 
Precipitation 


Precipitation  of  Zirconium-Hafnium  Phosphates. 
When  phosphoric  acid  is  added  to  a  zirconium  salt  solution, 
a  voluminous  gelatinous  precipitate  results.  It  adsorbs  (or 
occludes)  large  quantities  of  mother  liquor  and  is  almost 
impossible  to  filter.  An  improved  method  of  precipitation 
was  developed  by  Van  Osdall  (11)  in  which  12  to  15  per  cent 
phosphoric  acid  was  added  dropwise  to  a  hot  (85°  to  90°  C.), 
dilute  (3  per  cent  zirconium  oxide)  solution  of  zirconyl  sulfate. 
When  this  method  of  precipitation  is  used,  a  granular  precipi¬ 
tate  results  which  filters  readily,  but  an  appreciable  quantity 
of  mother  liquor  is  still  adsorbed,  as  indicated  in  Table  II. 
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Figure  2.  Relationship  between  Hafnium  Oxide 
Content  of  Precipitate  and  Fraction  of  Total 
Hydrated  Oxides  Precipitated  as  Phosphates 


In  other  words,  for  every  gram  of  oxide  precipitated  as  the 
phosphate,  about  one  half  of  the  oxide  (as  the  sulfate)  is 
adsorbed.  The  adsorbed  material  is  difficult  to  remove  by 
washing.  Thus  the  efficiency  of  the  separation  is  reduced, 
since  the  adsorbed  material  is  not  fractionated.  When  a 
drop  of  phosphoric  acid  strikes  the  surface,  the  precipitate 
forms  as  a  globule  which  may  well  enclose  mother  liquor  in 
the  center.  These  particles  can  be  broken  up  by  vigorous 
stirring,  but  then  a  precipitate  which  is  difficult  to  filter  is 
obtained.  To  eliminate  these  difficulties  the  following 
method  of  precipitation  was  developed  which  reduces  ad¬ 
sorption  to  a  minimum  (Table  II)  and  gives  a  dense,  compact, 
easily-filtered  precipitate : 

Three  solutions  are  prepared,  (1)  10  per  cent  sulfuric  acid,  (2) 
a  2  to  5  per  cent  phosphoric  acid  solution  in  10  per  cent  sulfuric 
acid,  and  (3)  a  zirconyl  sulfate  solution  containing  2  to  5  per  cent 
zirconium  oxide  also  in  10  per  cent  sulfuric  acid.  Instead  of 
addition  of  phosphoric  acid  to  a  solution  of  zirconyl  sulfate,  the 
reagents  are  added  simultaneously,  by  means  of  an  atomizer 
arrangement,  to  45  liters  of  10  per  cent  sulfuric  acid,  in  a  suitable 
earthenware  crock  ( A ,  Figure  1).  The  acid  liquor  is  heated  to 
75°  C.  by  a  Vitreosil  immersion  heater,  B.  The  solution  is  mixed 
with  a  motor-driven  stirrer,  the  shaft  and  paddles,  C,  of  which  are 
constructed  of  acid-resistant  Hastelloy  C.  Care  must  be  taken 
to  add  both  reagents  at  an  equivalent  rate.  The  rate  of  addition 
for  the  zirconyl  sulfate  solutions  which  seems  best  is  1000  to  1200 
ml.  per  hour.  The  rate  of  flow  can  best  be  determined  by  means 
of  a  drop  counter  inserted  below  the  stopcock  of  a  separatory 
funnel,  D  (Walther  funnel).  At  75°  C.  the  rate  of  evaporation  al¬ 
most  equals  the  rate  of  addition  of  the  reagents;  therefore,  a 
constant  volume  of  solution  is  maintained.  The  net  result  of 
the  reaction  is  to  increase  the  acid  concentration  from  10  to  13 
per  cent  sulfuric  acid. 

The  best  precipitate  is  obtained  when  the  final  suspension 
contains  35  to  200  grams  of  phosphates  per  10  liters  of  mix¬ 
ture.  At  lower  concentrations  the  precipitate  again  becomes 
flocculent  rather  than  granular  and  the  time  of  filtration  and 
the  amount  of  mother  liquor  adsorbed  increase.  At  higher 


concentrations,  the  suspension  becomes  so  heavy  as  to  slow 
down  filtration.  If  the  above  conditions  are  observed,  the 
precipitate  settles  so  rapidly  that  the  major  portion  of  the 
acid  liquor  can  be  removed  by  decantation  within  a  short  time. 
One  complete  phosphate  precipitation  accompanied  by 
thorough  washing  of  the  precipitate  will  eliminate  most  of 
the  uranium,  iron,  manganese,  and  rare  earth  impurities. 

Conversion  of  Phosphates  to  Acid-Soluble  Com¬ 
pounds.  In  order  to  proceed  with  the  fractionations,  the 
zirconium-hafnium  phosphates  must  be  converted  to  acid- 
soluble  compounds.  It  is  the  elimination  of  this  difficulty 
which  has  led  to  methods  of  separation  which  involve  complex 
ions.  It  was  found  that  treatment  of  the  moist  phosphate 
with  solid  sodium  hydroxide  results  in  about  80  per  cent  con¬ 
version  of  the  phosphate  to  the  hydrated  oxide.  In  an  at¬ 
tempt  to  produce  more  complete  conversion,  sodium  peroxide 
was  added  to  the  phosphate  suspension  in  the  presence  of  an 
excess  of  base.  Partial  solution  of  the  phosphate  resulted, 
probably  through  the  formation  of  soluble  peroxyzirconates 
and  hafnates.  Upon  digestion  of  this  solution  a  dense  white 
precipitate  was  obtained.  This  is  apparently  a  peroxide, 
since  a  washed  sample  liberates  iodine  from  potassium  iodide 
in  acid  solution.  Reaction  of  the  phosphates  with  sodium 
peroxide  alone  resulted  in  only  76  per  cent  conversion.  To 
establish  the  best  conditions,  various  sodium  hydroxide- 
sodium  peroxide  ratios  were  added  to  a  definite  quantity  of 
zirconium  phosphate  and  the  per  cent  conversion  was  deter¬ 
mined. 

The  following  procedure  for  the  conversion  of  the  phosphate 
to  the  peroxide  hydrates  was  finally  decided  upon : 

The  filtered  phosphate  is  mixed  thoroughly  with  water  to  give  a 
slurry  which  contains  about  150  grams  of  phosphate  (dry  basis) 
per  liter  of  water.  Any  adsorbed  acid  is  neutralized  (litmus)  with 
sodium  hydroxide  solution.  The  slurry  is  then  cooled  with  ice 
to  0-10°  C.  The  sodium  hydroxide  (2  moles  per  mole  of  ZrP207) 
is  dissolved  in  water  to  give  a  50  per  cent  solution,  and  cooled  to 
0°  C.  with  ice.  To  this  cold  solution  is  added  the  sodium  peroxide 
(2.3  moles  per  mole  of  ZrP20?);  at  this  temperature  little  de¬ 
composition  of  the  sodium  peroxide  occurs.  The  alkaline  per¬ 
oxide  solution  is  added  with  stirring  to  the  phosphate  slurry. 
At  this  point  the  resulting  mixture  will  contain  60  to  100  grams 
of  the  phosphate  per  liter  of  solution.  It  is  then  digested  on  the 
hot  plate  at  50  °  to  70°  C.  for  about  3  hours  until  the  intermediate 
soluble  peroxyzirconate  is  completely  decomposed  to  the  insoluble 
peroxide  hydrate.  Heating  to  higher  temperatures  will  reduce 
the  time  of  conversion,  but  the  character  of  the  precipitate  makes 
filtration  more  difficult.  The  solution  containing  the  peroxide 
must  be  filtered  while  hot  to  avoid  crystallization  of  disodium 
hydrogen  phosphate.  The  phosphate-free  peroxide  hydrate  is 
dissolved  in  sulfuric  acid  solution.  A  clear  solution  results  if  the 
precipitate  has  been  washed  free  of  phosphate.  The  washing  is 
rapid  and  complete  when  the  solution  has  been  properly  digested. 

Fractionation  of  Zirconium  and  Hafnium.  The 
mechanics  of  the  method  of  fractionation  is  the  same  as  that 
for  complete  precipitation,  except  that  an  insufficient  amount 
of  precipitant  is  used.  The  number  of  grams  of  phosphoric 
acid  necessary  to  precipitate  the  desired  per  cent  of  ROj  as  the 
phosphate  is  diluted  with  10  per  cent  sulfuric  acid  to  give  the 
same  volume  as  that  of  the  zirconyl  sulfate.  The  two  solu¬ 
tions  are  then  added  to  a  10  per  cent  sulfuric  acid  solution  at 
the  same  rate.  At  times  it  is  more  convenient  to  dilute  the 
phosphoric  acid  to  only  a  fraction  of  the  volume  of  the  zirconyl 
sulfate  solution  to  prevent  excessive  dilution  of  the  acid; 
the  rate  of  addition  of  the  phosphoric  acid  must  then  be 
correspondingly  reduced.  Care  must  be  taken  that  the  rate 
of  addition  of  the  reagents  is  such  that  a  constant  fraction 
of  the  total  R02  is  removed  throughout  the  precipitation. 

A  series  of  fractionations  was  carried  out  in  which  the 
fraction  of  the  total  oxides  precipitated  as  the  phosphates  in 
the  first  precipitation  was  varied  from  20  to  80  per  cent.  The 
corresponding  mole  fraction  of  hafnium  removed  in  the  first 
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precipitation  was  then  determined.  These  data,  plotted 
in  Figure  2,  show  that  the  most  efficient  point  for  separation 
is  in  the  region  where  35  to  45  per  cent  of  the  total  oxides  are 
precipitated  as  the  phosphates.  It  is  in  this  region  that  the 
concentration  factor— i.  e.,  the  ratio  of  hafnium  oxide  in  the 
precipitate  to  the  hafnium  oxide  content  in  the  original— is 
at  a  maximum.  The  concentration  factor  seems  to  be  in¬ 
dependent  of  the  original  hafnium  oxide  content  oyer  the 
range  10  to  75  per  cent  hafnium  oxide.  However,  if  it  re¬ 
mained  constant  in  the  higher  hafnium  oxide  range,  then 
within  a  few  fractions  all  of  the  hafnium  should  appear  in 
the  precipitate.  This  result  is  contrary  to  experimental 
observations  of  similar  fractionations  of  rare  earths  and 
radium.  Unfortunately,  sufficient  reliable  data  are  not 
available  to  determine  the  change  in  the  concentration  factor 
in  the  region  above  75  per  cent  hafnium  oxide. 

If  higher  percentages  of  the  total  oxides  are  precipitated, 
the  yield  of  hafnium  oxide  increases  but  the  number  of  frac¬ 
tionations  necessary  also  increases.  If  small  percentages 
are  removed,  the  yield  of  hafnium-rich  fractions  decreases 
rapidly. 


Figure  3.  Increase  in  Hafnium  Oxide  Concentration 
with  Successive  Fractionations 


Simultaneously  with  the  above  experiments,  a  separation 
series  was  run  in  which  the  fractions  precipitated  averaged 
55  per  cent  of  the  total  R02  of  the  preceding  fraction.  The 
progress  of  the  separation  can  be  followed  in  Figure  3.  In 
seven  successive  fractions,  in  which  the  mother  liquors  were 
set  aside,  the  hafnium  content  of  an  oxide  mixture  was  in¬ 
creased  from  13  to  93  per  cent.  The  yield  of  hafnium-rich 
oxide  was  about  10  per  cent  of  the  hafnium  in.  the  original 
sample.  In  four  successive  fractionations  of  a  sample  of 
hafnium  oxide  concentrates,  the  hafnium-oxide  content  was 
increased  from  59  to  97.7  per  cent  with  a  yield  of  about  30 
per  cent.  Mother  liquors  of  approximately  equivalent  con¬ 


centration  from  the  various  steps  were  combined  for  re¬ 
treatment,  using  the  procedure  outlined.  The  purpose  of 
the  retreatment  was  to  obtain  further  zirconium-rich  and 
hafnium-rich  oxides. 

To  obtain  hafnium-free  zirconia,  a  sample  of  low  hafnium 
content  (2  to  3  per  cent)  was  fractionated  by  two  successive 
steps  in  which  about  60  per  cent  of  the  total  oxide  was  pre¬ 
cipitated  as  the  phosphate.  The  remaining  mother  liquor, 
when  purified  by  oxychloride  recrystallization,  gave  a  zir¬ 
conium  oxide  free  of  hafnium  as  shown  by  arc  spectrum 
analysis. 

Summary 

A  satisfactory  extraction  of  the  cyrtolite  ore  is  obtained 
when  two  parts  of  concentrated  sulfuric  acid  and  one  part 
of  200 -mesh  ore  are  heated  to  a  maximum  temperature  of 
210°  to  220°  C.,  and  the  resulting  acid-soluble  constituents  are 
extracted  with  water. 

When  acid  solutions  of  dilute  zirconyl-hafnyl  sulfate  and 
dilute  phosphoric  acid  are  simultaneously  sprayed  into  a  10 
per  cent  sulfuric  acid  solution  at  70°  to  75°  C.,  a  dense,  com¬ 
pact,  and  easily  filterable  precipitate  is  obtained. 

By  the  action  of  an  ice-cold  sodium  hydroxide-sodium 
peroxide  solution  upon  a  cold  slurry  of  the  phosphates,  and 
subsequent  digestion  at  70°  C.,  an  acid-soluble  hydrate  results. 
This  step  replaces  the  usual  basic  fusion  oi  complex-ion 
formation  as  the  intermediate  step  between  fractionations. 

The  conditions  for  the  fractional  separation  of  zirconium 
and  hafnium  by  direct  precipitation  of  the  phosphates  in 
dilute  solutions  were  studied.  By  precipitating  approxi¬ 
mately  55  per  cent  of  the  dissolved  zirconium-hafnium  oxide 
content  of  a  sulfate  solution,  the  percentage  of  hafnium  oxide 
of  a  sample  of  the  mixed  oxides  is  raised  from  13  to  93  per 
cent  in  seven  fractionations,  and  from  59  to  97  per  cent  in 
four  fractionations.  By  treating  the  mother  liquors  from 
the  precipitations  in  similar  fashion,  a  sample  of  zirconium 
oxide  whose  spectrogram  revealed  no  lines  characteristic  of 
hafnium  is  obtained. 
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Determination  of  Sodium  in  the  Presence  of 

Molybdenum 

C.  H.  HALE,  Esso  Laboratories,  Standard  Oil  Co.  of  Louisiana,  Baton  Rouge,  La. 


ALTHOUGH  several  publications  ( 2 ,  3,  o,  7)  have  dealt 
±\_  with  the  interferences  encountered  in  the  determina¬ 
tion  of  sodium  by  the  zinc  uranyl  acetate  method  of  Barber 
and  Kolthoff  (2,  5),  no  reference  is  found  to  the  effects  of 
molybdenum.  Molybdate  interferes  by  the  formation  of  a 
precipitate  with  the  zinc  uranyl  acetate  reagent.  This 
precipitate,  which  is  a  yellow,  amorphous  material,  is  ap¬ 
parently  the  uranyl  molybdate,  UO2M0O4,  described  by 
Lancien  (6). 

The  interference  of  the  molybdate  may  be  either  positive 
or  negative.  If  the  precipitate  is  retained  on  the  filter  and 
weighed  with  the  sodium,  the  results  will  be  high.  If  the 
precipitate,  which  is  usually  very  fine,  passes  completely 
through  the  filter,  the  correct  value  may  be  obtained 
unless  the  depletion  of  reagent  by  its  reaction  with  the 
molybdate  causes  incomplete  precipitation  of  the  sodium, 
in  which  case  the  values  will  be  low.  These  interferences  are 
illustrated  in  Table  I. 

The  removal  of  the  molybdenum  by  means  of  hydrogen 
sulfide  is  tedious  and  time-consuming,  especially  since  re¬ 
peated  precipitations  are  often  necessary  (5).  The  use  of 
complex  ions  to  effect  the  removal  of  interferences  is  common 
in  analytical  chemistry.  Of  the  complexes  that  may  be 
formed  with  molybdenum,  phosphate  precipitates  the  re¬ 
agent;  fluoride  retards  the  formation  of  the  sodium  zinc 
uranyl  acetate;  and  the  oxalate  complex  is  not  sufficiently 
stable.  The  tartrate  and  citrate  complexes,  however,  are 
both  stable  ( 1 ,  J+)  and  do  not  interfere.  Although,  as  Barber 
and  Kolthoff  stated  {2,  5),  an  excess  of  such  organic  acids 
precipitates  the  reagent,  the  concentration  necessary  to 
effect  the  removal  of  the  molybdate  is  not  large  enough 
to  cause  interference. 


Table  I.  Effects  of  Molybdenum  on  the  Determination  of 

Sodium 

Na20  Added 

M0O3 

Na20  Found 

Gram 

Gram 

Gram 

0.0020 

0.0 

0 . 0020 

0 . 0020 

0.01 

0.0023 

0 . 0000 

0.1 

0.0046 

0 . 0020 

0.1 

0.0021 

0.0020 

0.1 

0 . 0002 

0.0020 

0.1 

0 . 0043 

Experimental 

The  method  used  is  a  modification  of  that  introduced  by 
Barber  and  Kolthoff  ( 2 ).  The  solution,  slightly  acid  with 
sulfuric  acid,  is  oxidized  with  a  drop  of  nitric  acid  and  the  molyb¬ 
date  is  converted  to  the  complex  by  the  addition  of  citric  or  tar¬ 
taric  acid.  The  sodium  is  then  precipitated  by  the  addition  of 
an  excess  of  zinc  uranyl  acetate  reagent. 

Reagents.  Tartaric  or  citric  acid  solution.  Dissolve  50 
grams  of  the  acid  in  50  ml.  of  water. 

Zinc  uranyl  acetate  solution.  Dissolve  separately  (A)  308 
grams  of  uranyl  acetate  dihydrate  in  1640  ml.  of  water  and  54 
ml.  of  glacial  acetic  acid,  and  (B)  924  grams  of  zinc  acetate  tri¬ 
hydrate  in  1048  ml.  of  water  and  27  ml.  of  glacial  acetic  acid. 
Mix  solutions  A  and  B  at  70°  C.,  and  allow  to  stand  for  24  hours 
at  20°  C.  Filter  immediately  before  use. 

Procedure.  The  sample,  in  solution  as  sulfates  with  a  slight 
excess  of  sulfuric  acid,  is  concentrated  to  as  small  a  volume  as 
possible  without  crystallization  (10  ml.  or  less).  Add  one  drop 
of  concentrated  nitric  acid  to  oxidize  any  molybdenum  that 
has  been  reduced  during  the  concentration,  and  0.2  ml.  of  50 


per  cent  tartaric  or  citric  acid  solution  for  each  0.1  gram  of 
molybdic  oxide  present.  Filter  into  the  concentrated  solution 
a  tenfold  excess  of  zinc  uranyl  acetate  reagent,  stirring  the  solu¬ 
tion  vigorously  during  the  addition  of  the  reagent  to  prevent 
crystallization.  AUow  the  sample  to  stand,  with  occasional 
stirring,  for  one  hour  at  20°  C.,  and  filter  through  a  tared  filter¬ 
ing  crucible.  Wash  5  to  10  times  with  95  per  cent  ethyl  alcohol 
saturated  with  sodium  zinc  uranyl  acetate,  and  finally  twice  with 
ether  or  acetone.  Dry  in  a  desiccator  for  10  minutes  and  weigh. 
Correct  for  a  blank  determination  carried  out  in  the  same  man¬ 
ner. 

Weight  of  Na20  =  weight  of  precipitate  X  0.0202. 

Data.  Table  II  summarizes  the  results  of  the  analyses 
of  a  number  of  solutions  prepared  by  adding  measured  vol¬ 
umes  of  a  standard  sodium  sulfate  solution  to  varying 
amounts  of  molybdenum. 


Table  II.  Determination  of  Sodium  in  the  Presence  of 

Molybdenum 


Na20  Added 

M0O3 

Na20  Found 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

0.4 

500 

0.4 

0.0 

2.0 

100 

2.1 

+0.1 

2.0 

200 

2.1 

+0.1 

2.5 

100 

2.5 

0.0 

4.0 

100 

4.0 

0.0 

8.0 

100 

8.2 

+0.2 

10.0 

100 

10.1 

+0.1 

10.0 

500 

9.9 

-0.1 

50.0 

100 

50.0 

0.0 

To  prove  the  applicability  of  the  modification  to  the 
determination  of  sodium  in  aluminous  materials  containing 
molybdenum,  known  amounts  of  the  sodium  sulfate  solution 
and  molybdenum  oxide  were  added  to  excesses  of  aluminum 
hydroxide.  The  results  of  the  analyses  of  these  samples  are 
shown  in  Table  III. 

Discussion 

The  results  that  were  obtained  showed  the  same  degree 
of  accuracy  and  precision  as  analyses  of  similar  materials 
that  contained  no  molybdenum.  The  size  of  sample  used 
for  an  analysis  should  be  such  that  the  amount  of  molybdenum 
does  not  exceed  0.5  gram  of  molybdic  oxide  because  of  the 
difficulty  of  concentrating  the  solution  to  10  ml.  or  less 
without  the  precipitation  of  molybdic  acid.  In  the  presence 
of  potassium  salts,  citric  acid  is  preferable  to  tartaric  because 
of  the  limited  solubility  of  potassium  tartrate. 

Summary 

Molybdenum  interferes  with  the  determination  of  sodium 
by  the  zinc  uranyl  acetate  method  by  the  formation  of  a 
precipitate  with  the  reagent.  This  interference  can  be 


Table  III.  Determination  of  Sodium  in  the  Presence  of 
Molybdenum  and  Aluminum 


Na20  Added 

M0O3 

A12Os 

Na20  Found 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0.5 

100 

1000 

0.6 

+  0.1 

0.6 

100 

1000 

0.6 

0.0 

0.7 

100 

1000 

0.7 

0.0 

1.2 

100 

1000 

1.4 

+  0.2 

1.3 

100 

1000 

1.3 

0.0 

1.6 

100 

1000 

1.6 

0.0 

2.1 

100 

1000 

2.0 

-0.1 

2.6 

100 

1000 

2.5 

-0.1 
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overcome  by  the  formation  of  a  complex  of  molybdenum  with 
citric  or  tartaric  acid. 
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Analysis  of  Commercial  Oil  Emulsions 
and  Wax  Dispersions 

FRANK  M.  BIFFEN  and  FOSTER  DEE  SNELL 
Foster  D.  Snell,  Inc.,  305  Washington  St.,  Brooklyn,  N.  Y. 


Oil  emulsions,  which  may  or  may  not  contain  sus¬ 
pended  solids,  are  analyzed  by  first  distilling  off  any 
water-immiscible  solvent.  Benzene  is  then  added 
and  distilled  with  continuous  return,  carrying  with 
it  the  water  which  does  not  return  to  the  sample. 
This  avoids  formation  of  troublesome  emulsions 
during  the  conventional  extractions  of  the  oil 
phase.  This  procedure  is  sufficiently  longer  than 
the  conventional  extraction  to  be  inadvisable  for 
simple  oil  emulsions  if  they  are  readily  extractable 
with  ether.  The  aqueous  distillate  contains  any 
alcohol.  By  centrifuging  if  necessary  and  evapora¬ 


METHODS  of  analysis  of  emulsions  and  suspensions  as 
previously  published  (2)  have  been  revised  with 
further  experience  to  simplify  the  procedures  and  provide 
greater  accuracy.  One  major  change  has  been  in  methods  ap¬ 
plied  to  oil  emulsions,  which  may  or  may  not  contain  sus¬ 
pended  solids,  to  give  more  complete  separation,  avoid 
troublesome  extractions  in  a  separatory  funnel,  and  prevent 
oxidation  of  the  oils  present.  The  importance  of  water-base 
wax  suspensions  has  increased  steadily  and  the  types  of  soap 
stabilizers  used  have  been  complicated  by  commercial  intro¬ 
duction  of  numerous  amines.  For  brevity  many  conven¬ 
tional  methods  of  analysis  are  referred  to  only  briefly  without 
details. 

Oil  Emulsions 

The  products  in  this  class  may  vary  from  a  medicinal  oil 
emulsion  to  automobile  cleaner-polishes.  Many  of  the  prod¬ 
ucts  contain  fractions,  such  as  petroleum  naphtha,  which  are 
volatile  with  steam.  Glycerol  is  often  present,  alcohol  occa¬ 
sionally.  Some  products  contain  from  a  trace  to  2  per  cent  of 
waxes.  The  emulsifying  agents  encountered  individually 
or  as  mixtures  include  1  to  5  per  cent  of  bentonite,  varying 
with  consistency  and  type  of  clay,  usually  less  than  1  per 
cent  of  various  gums,  and  surface-active  agents,  usually  sul- 
fated  oils  or  soaps.  The  latter  are  apt  to  be  amine  salts  of 
fatty  acids,  but  occasionally  the  other  members  of  the  class 
are  present. 

Persistence  of  soap  and  gum  emulsions  is  a  problem  in  con¬ 
ventional  extractions  which  to  a  greater  or  lesser  degree  ex¬ 
tends  to  other  surface-active  agents.  Of  all  the  emulsifying 
agents  mentioned,  bentonite  is  the  worst  offender.  Ether- 
water  emulsions  stabilized  with  it  will  often  not  break  even 


tion  of  benzene,  the  oil  is  recovered  without  undue 
oxidation.  The  solid  residue  is  then  separated  by 
conventional  methods  into  alcohol-soluble,  chloro- 
hydrocarbon-soluble,  water-soluble,  and  mineral 
fractions  for  separate  analysis.  Amine  emulsifiers 
are  determined  on  another  portion  of  the  original 
sample  but  all  other  determinations  are  carried 
out  on  the  single  sample. 

Improved  methods  for  analysis  of  water-base  wax 
dispersions  provide  for  precipitation  by  acid,  fol¬ 
lowed  by  separation  and  approximate  identification 
of  resins,  wax,  amines,  etc. 


on  prolonged  centrifuging  or  on  addition  of  minor  amounts  of 
alcohol  ( 1 ). 

The  method  provides  for  first  distilling  any  solvent  volatile 
with  steam,  then  adding  benzene  and  distilling  water  with  it. 
The  oil,  emulsifying  agent,  and  abrasive,  if  any,  remain  in 
the  flask  in  excess  benzene  and  receive  more  conventional 
treatment.  Only  a  single  sample  is  required  unless  a  nitrogen 
determination  is  required  for  estimation  of  amines. 

Outline  of  Separation  of  Commercial  Oil 
Emulsions 

Original 

sample 

Steam 

distillation  —  Immiscible  solvent,  water,  alcohol 

Reflux  with 

benzene  —  Water,  sometimes  alcohol 

| 

Centrifuge 

cold  —  Oils  and  sulfated  oils  in  benzene  solution 

Extract  with 

hot  alcohol  —  Glycerol,  soap,  fatty  acid  in  alcohol 

Extract  with 

hot  C2H3C13  —  Waxes  in  C2H3C13 

Extract  with 

hot  water  — ■  Water-soluble  gums 

I 

Mineral  matter 

Generally  speaking,  it  is  not  necessary  to  use  this  method 
if  the  emulsion  is  of  oil  in  water  without  added  mineral  mat- 
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ter  and  the  emulsion  will  break  down  readily  utli  ether  or 
petroleum  ether. 


Volatile  Water-Immiscible  Solvent.  Weigh  out  100 
grams  of  the  sample  into  a  500-ml.  round-bottomed  flask  to  an 
accuracy  of  0.1  gram.  Assemblies  such  as  are  showx.jn  Figure  1, 
but  using  all  ground-glass  joints,  are  preferable.  Connect  the 
flask  to  the  receiver,  Figure  1,  A,  and  in  turn  connect  the  re¬ 
ceiver  to  a  water-cooled  condenser.  Immerse  the  flask  in  a 
cold  oil  bath,  avoiding  possible  future  overheating  by  making 
sure  that  it  does  not  touch  the  bottom  of  the  path.  If  the  water 
content  of  the  sample  is  low,  add  a  measured  volume,  such  as  50 
ml.  of  water  before  connecting  up  the  apparatus.  Gradually 
heat  the  bath  and  distill  over  any  volatile  solvent.  Continue 
to  distill,  with  the  water  returning  to  the  flask,  until  no  more 
volatile  solvent  comes  over.  Collect  the  volatile  solvent,  usually 
petroleum  naphtha,  in  the  graduated  tube  and  read  its  volume. 
Allow  the  apparatus  to  cool,  draw  off  the  water  from  the  bottom 
of  the  receiver,  and  return  it  to  the  flask.  Collect  the  volatile 
solvent  fraction,  and  identify  by  general  tests  such  as  specific 
gravity  and  boiling  point  supplemented  by  odor  w  other  specific 
reactions.  If  volatile  solvents  with  gravities  gr  er  than  water 
are  present,  such  as  the  chlorohydrocarbons,  the  receiver 
shown  in  Figure  1 ,  B.  In  that  case  read  the  vc  me  of  the  sol¬ 
vent,  withdraw  it  through  the  stopcock,  and  ident  /  as  usual.  As 
in  the  previous  case  return  the  water  in  the  receiv  to  the  flask. 


Figure  1.  Distillation  Apparatus  for  Use  lx 
4nalysis  of  Emulsions 


If  the  sample  is  known  to  be  free  from  volatile  solvent,  these 
steps  can  be  omitted  and  the  procedure  of  the  following  para¬ 
graphs  applied  directly  to  the  sample  as  originally  weighed  out. 

Water.  Add  100  ml.  of  benzene  to  the  flask  and  connect  to 
the  receiver  shown  in  Figure  1,  B.  Using  the  same  oil  bath, 
reflux  the  benzene  as  rapidly  as  convenient  but  avoid  over- 
neating.  Water  distills  over  with  the  benzene  and  collects  in 
the  bottom  of  the  receiver,  while  the  benzene  returns  to  the 
flask.  At  intervals,  draw  off  the  water  quantitatively  into  a 
50-ml.  or  100-ml.  volumetric  flask.  The  process  of  distilling  off 
all  of  the  water  from  the  flask  takes  about  2  to  3  hours  in  the 
average  case,  but  that  is  largely  offset  by  the  fact  that  the 
operation  is  automatic  once  the  size  of  the  burner  flame  is  ad¬ 
justed.  A  constant  level  of  the  water  in  the  graduated  receiver 
indicates  that  all  the  water  has  distilled  over.  Weigh  or  measure 
the  volume  of  water  so  collected,  subject  to  correction  for  alcohol, 
if  present.  Deduct  any  water  added  to  distill  water-immiscible 
solvent. 

Alcohols.  Dilute  the  combined  aqueous  distillates  to  50  or 
100  ml.  and  obtain  the  specific  gravity  at  a  known  temperature. 
If  alcohol  is  present,  it  will  be  in  this  distillate  and  the  amount 
can  be  calculated  from  specific  gravity  tables.  Rarely  is  this 
other  than  methanol,  ethanol,  or  isopropanol,  which  are  readily 
identified  by  odor,  Schiffs’  reagent,  or  the  iodoform  test.  The 
method  is  particularly  applicable  to  determination  of  small 
volumes  of  alcohol. 

Separation  of  Oils  and  Benzene-Insoluble  Solids.  The 
oils  are  now  in  benzene  solution.  Thoroughly  agitate  the  con¬ 
tents  of  the  flask  to  suspend  the  sediment  and  transfer  to  a  250- 
ml.  centrifuge  bottle.  Rinse  out  the  flask  into  the  bottle  with  a 
few  milliliters  of  benzene,  and  centrifuge  the  mixture.  No  water 
being  present,  a  sharp  separation  occurs.  Decant  off  the  ben¬ 
zene  solution  and  add  more  warm  benzene.  Thoroughly  break 
up  the  solids  caked  in  the  bottom  of  the  bottle,  shake  vigorously 
to  wash  this  with  the  benzene,  and  centrifuge.  Repeat  the 
process  until  the  benzene  extract  is  colorless.  Usually  a  total  of 
three  or  four  extractions  is  sufficient. 

Oils.  Combine  the  benzene  extracts  and  evaporate  carefully, 
a  convenient  technique  being  to  collect  the  benzene  in  an  empty 
Soxhlet  tube.  Evaporate  the  final  residues  of  benzene  on  a 
water  bath  and  dry  the  oils  for  a  few  minutes  in  an  oven,  avoid¬ 
ing  overheating  with  consequent  oxidation  or  loss  by  evaporation. 
Cool  and  weigh  the  oils. 

Allow-  the  oil  fraction  to  stand  overnight  in  a  desiccator.  If 
saponifiable  oils,  castor  or  sulfated  castor,  for  example,  are  pres¬ 
ent  they  will  settle  out  as  a  viscous  layer  below  the  mineral  oil. 
Chill  the  flask  and  contents,  add  chilled  petroleum  ether  on  the 
surface  of  the  extract,  and  swirl  carefully  to  dissolve  the  mineral 
oil.  Decant  and  repeat  the  operation  as  necessary.  Cold, 
viscous,  saponifiable  oil  will  not  appreciably  dissolve  in  chilled 
petroleum  ether.  Evaporate  off  the  petroleum  ether  from  these 
flasks  to  obtain  the  mineral  and  saponifiable  oils  separately. 
Analyze  these  in  the  usual  manner. 

Alcohol-Soluble  Matter.  Break  up  the  residue  in  the 
centrifuge  bottle  and  shake  well  with  75  ml.  of  warm  95  per  cent 
alcohol  (S.  D.  3A  will  do).  Cool  to  room  temperature  and  cen¬ 
trifuge.  Decant  the  alcohol  and  repeat  the  process  twice  more. 
Evaporate  the  combined  alcohol  extracts,  finally  heat  in  an  oven, 
and  weigh.  The  treatment  of  this  residue  depends  largely  on 
the  indications  of  physical  examination.  A  light-colored  viscous 
liquid  will  usually  prove  to  be  glycerol,  identified  by  specific 
gravity  and  the  acrolein  test.  In  that  case  there  are  usually  in¬ 
dications  during  drying,  and  heating  to  fumes  must  be  avoided. 

In  case  an  alkali-metal  soap  was  originally  present,  which  is 
rather  unusual  for  this  type  of  emulsion,  take  up  the  residue  in 
hot  water  and  titrate  with  standard  hydrochloric  acid  to  a  methyl 
orange  end  point.  Extract  the  fatty  acids  derived  from  the  soap 
writh  ether  and  identify  in  the  usual  manner.  Unless  the  soap 
present  checks  by  calculation  with  the  entire  amount  of  alcohol- 
soluble  matter,  evaporate  the  aqueous  solution  remaining  after 
extraction  of  fatty  acids  to  dryness.  This  will  contain  alkali- 
metal  chloride  and  any  alcohol-soluble  material  other  than  soap. 
Extract  this  with  absolute  alcohol  to  obtain  the  nonsoap  portion 
of  this  fraction.  Evaporate  the  alcohol  and  proceed  with  tests 
on  this.  It  will  usually  be  glycerol. 

If  an  amine  soap  was  originally  present,  it  will  usually  have 
been  decomposed  in  the  benzene  distillation  and  subsequent  ex¬ 
traction  and  drying.  In  that  case  an  equivalent  amount  of 
fatty  acid  will  be  present.  Take  up  the  residue  in  warm  alcohol 
and  titrate  to  a  phenolphthalein  end  point.  Then  evaporate  to 
dryness,  take  up  with  warm  water,  acidify,  and  extract  the 
fatty  acids  writh  ether  for  identification.  If  this  does  not  check 
with  the  total  residue,  a  separation  of  glycerol  as  described  in 
the  preceding  paragraph  may  be  necessary. 

Waxes.  To  the  residue  after  the  alcohol  extraction  add  hot 
trichloroethylene,  break  up  the  abrasive,  and  shake  thoroughly. 
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Centrifuge  while  still  hot.  Decant  and  repeat  the  process  twice 
more.  Evaporate  the  combined  trichloroethylene  extracts. 
Finally  heat  to  constant  weight  at  110°.  Identify  the  extracted 
waxes  by  odor  on  burning,  melting  point,  and  other  constants,  if 
necessary.  If  the  product  is  a  polishing  emulsion,  it  is  probable 
that  the  wax  will  be  carnauba. 

Water-Soluble  Gums.  After  extracting  the  waxes,  drive  off 
any  excess  trichloroethylene  from  the  centrifuge  bottle,  first  on  a 
water  bath  and  then  in  the  oven.  Add  boiling  water  to  the  hot 
centrifuge  bottle,  break  up  the  residue,  and  shake  thoroughly. 
Centrifuge  while  hot  and  decant  the  solution  of  gums.  Repeat 
the  process  at  least  twice  more,  always  using  water  near  the 
boiling  point.  Combine  and  evaporate  the  water  extracts  and 
obtain  the  water-soluble  gums.  It  is  often  convenient  to  dilute 
the  extracts  to  a  known  volume  and  obtain  total  solids  on  an 
aliquot,  testing  for  the  type  of  gum  present  on  a  part  or  all  of  the 
balance.  The  most  probable  gums  in  order  of  decreasing  im¬ 
portance  are  tragacanth,  karaya,  and  acacia,  but  there  are 
numerous  other  possibilities. 

Mineral  Matter.  The  residue  in  the  centrifuge  bottle  is  now 
matter  insoluble  in  benzene,  alcohol,  trichloroethylene,  and 
water.  It  will  usually  be  mineral  matter,  commonly  an  abra¬ 
sive,  bentonite,  or  both.  Dry  the  bottle  in  the  oven,  conveni¬ 
ently  overnight,  cool,  brush  out,  and  weigh.  Observe  micro¬ 
scopically  for  the  type  of  mineral  present,  or  analyze  chemically. 
A  mesh  analysis  is  often  useful  to  classify  the  quality  of  an  abra¬ 
sive.  The  absence  of  other  emulsifying  agents  at  earlier  steps 
suggests  the  probable  presence  of  bentonite  at  this  point. 

Amines.  Determine  nitrogen  by  the  Kjeldahl  method  on  an 
original  sample  and  in  the  absence  of  other  nitrogen  compounds 
calculate  to  the  amine  suspected.  For  further  details  see  wax 
dispersions  below. 

Water-Base  Wax  Dispersions 

The  so-called  no-rubbing  floor  waxes  are  the  most  widely 
distributed  examples  of  this  type  of  product.  Rubber 
finishes,  some  shoe  polishes,  and  several  other  types  of  prod¬ 
ucts  are  of  similar  composition.  Owing  to  the  complexity 
of  these  products  and  particularly  to  the  extreme  difficulty 
in  separating  added  soap,  soaps  formed  from  resins  present, 
resins  of  many  types,  and  carnauba  and  other  waxes,  only 
approximate  figures  can  be  expected  from  an  analysis  of  this 
type.  Much  knowledge  of  what  to  expect  is  needed,  to  se¬ 
cure  reasonably  accurate  information. 

Total  Solids.  Rapidly  weigh  2  to  3  grams  of  the  sample 
into  a  weighed  porcelain  capsule  crucible  approximately  5  cm. 
in  diameter  and  1  cm.  deep.  Heat  the  capsule  and  sample  on  a 
steam  bath  for  about  1  hour,  and  then  in  an  oven  at  105°  to  110° 
for  3  hours.  Cool  and  weigh.  As  the  amines  normally  used  in 
these  products  vary  in  rate  of  volatility,  this  size  of  sample,  size 
of  dish,  and  heating  time  are  specified  as  a  compromise  found 
in  practice  to  give  best  results. 

Ash.  Ash  the  nonvolatile  matter  in  the  same  capsule  over  a 
low  flame,  taking  care  to  ignite  off  all  the  carbonaceous  matter. 
Cool  and  weigh.  It  is  usually  then  desirable  to  ash  the  solids 
from  about  20  grams  of  sample  to  provide  a  larger  amount  of  ash. 
Dissolve  the  ash  in  water,  dilute  to  100  ml.,  and  test  qualitatively. 
If  phosphate  or  carbonate  is  present,  titrate  an  aliquot  to  phenol- 
phthalein  and  methyl  orange  end  points.  Determine  any  borax 
on  an  aliquot  by  titrating  with  standard  alkali  to  a  phenol- 
phthalein  end  point  in  the  presence  of  mannitol  or  neutral 
glycerol,  applying  a  suitable  correction  for  other  alkaline  salts. 
If  other  alkaline  salts  are  present  phosphate  is  best  determined 
on  another  aliquot,  using  the  volumetric  molybdate  method. 
Carbonate  can  be  determined  by  the  evolution  method  using 
another  ashed  sample,  but  is  more  commonly  estimated  from 
the  total  titration  figure  after  subtracting  the  titrations  equiva¬ 
lent  to  any  borax  or  phosphate.  Any  substantial  amount  of 
sodium  carbonate  is  usually  derived  from  a  soap  used  as  sta¬ 
bilizer.  Potassium  soaps  are  rarely  used  for  this  purpose. 

Acid-Insoluble  Matter.  Titrate  a  100-gram  sample,  hot, 
to  a  methyl  orange  end  point.  This  will  give  the  total  alkali  in 
the  sample.  Add  about  1  ml.  of  0.5  N  acid  in  excess  and  heat  to 
clear  the  solution  thoroughly.  Allow  to  cool,  when  the  waxes, 
resins,  and  fatty  acids  will  separate  as  a  waxy  mass.  Decant 
off  the  water  layer  and  wash  the  mass.  If  necessary,  filter  the 
water  layer  and  washings  and  collect  in  a  calibrated  flask. 
Reserve  for  further  vrork. 

Waxes.  Dissolve  the  waxy  mass,  including  any  on  the  filter 
paper,  in  200  ml.  of  hot  95  per  cent  alcohol  (S.  D.  3A  wall  do). 
Carefully  boil  the  mixture  to  ensure  complete  disintegration, 


transfer  to  a  25f  nl.  centrifuge  bottle,  and  cool  to  room  tempera¬ 
ture.  Centrifif  until  a  clear  upper  layer  is  formed.  If  a 
semigel  struct  forms,  add  a  large  excess  of  alcohol  and  use 
two  centrifuge  ottles.  Decant  off  the  clear  liquid,  add  more 
alcohol  to  the  oottle,  and  bring  to  the  boil  in  a  wTater  bath. 
Shake  thoroughly,  cool,  and  centrifuge  as  before.  Decant  and 
repeat  the  wfc  le  operation  at  least  once  or  until  the  cold  alcohol 
extract  is  colorless.  Combine  the  alcohol  extracts  and  reserve. 

Add  100  ml.  of  trichloroethylene  to  the  residue  in  the  centri¬ 
fuge  bottle  and  bring  to  a  boil  in  a  water  bath.  Shake  well,  and 
if  any  insoluble  matter  is  present,  centrifuge  while  hot.  Decant 
and  wash  the  insoluble  matter  with  small  portions  of  hot  tri¬ 
chloroethylene  until  the  solvent  is  colorless,  centrifuging  if 
necessary.  Evaporate  the  trichloroethylene  extract  and  wash¬ 
ings.  It  may  be  necessary  to  keep  the  extracted  waxes  in  the 
oven  at  105°  to  110°  for  several  hours  before  all  the  solvent  is 
gone.  After  heating  to  constant  weight,  obtain  such  constants 
on  the  waxes  as  melting  point,  acid  value,  saponification  value, 
and  aniline  point.  Observe  the  odor  on  burning.  Carnauba 
wax  is  most  commonly  employed  but  is  frequently  modified,  for 
economy,  with  pe+roleum  or  mineral  wraxes,  vegetable  waxes  such 
as  candelilla  and:  ouricury,  and  cumar-indene  resins  and  poly¬ 
merized  pine-ty  resins  such  as  piccolyte.  These  will  all  dis¬ 
solve  in  hot  tr  nroethylene.  If  the  character  of  this  extract 
indicates  a  syn  tic  resin  as  well  as  waxes,  boil  it  with  100  ml. 
of  95  per  cent  a  ihol  and  centrifuge  hot.  Repeat  at  least  twrice 
more,  being  su>  !  to  keep  the  alcohol  very  hot.  Cumar  and 
piccolyte  are  insdluble  in  hot  alcohol,  whereas  vegetable  waxes 
are  soluble  in  hot  alcohol  on  repeated  extraction. 

Small  portions  of  some  natural  resins  are  soluble  in  trichloro¬ 
ethylene,  and  about  5  per  cent  of  the  natural  mixture  of  waxes 
in  carnauba  wax  is  soluble  in  cold  alcohol.  Such  small  sources 
of  error  tend  to  counteract  each  other,  but  this  error  should  be 
taken  into  account  in  interpreting  results. 

Resins  and  Fatty  Acids.  These  are  in  the  alcohol-soluble 
portion.  There  are  no  simple  methods  for  separating  the  resins 
and  the  soap  fatty  acids.  Usually  the  soap  in  the  original  com¬ 
pound  has  been  partially  formed  from  the  acidic  portion  of  the 
resin  and  partially  from  added  fatty  acids  or  added  as  soap  it¬ 
self. 

Dilute  the  combined  alcohol  extracts  to  500  ml.;  on  one  ali¬ 
quot  obtain  total  solids  and  on  other  aliquots  determine  the  acid 
value  and  saponification  value.  Test  for  rosin  on  the  solids 
by  the  Liebermann-Storch  reaction.  Useful  information  as  to 
colors  obtained  with  various  natural  resins  using  the  Lieber¬ 
mann-Storch  reaction  have  been  published  ( 3 ).  Notice  the 
odor  on  burning  and  identify  as  rosin,  copal,  dammar,  or  other 
type  of  resin. 

Any  insoluble  matter  obtained  after  extracting  the  trichloro¬ 
ethylene-soluble  is  usually  resinous  and  can  be  expected  to  be  an 
alcohol-insoluble  fraction  of  the  original  resin  used.  It  may  be 
identified  as  was  the  alcohol-soluble  portion. 

Amines.  Soaps  of  ammonia,  mono-,  di-,  and  triethanolamine, 
morpholine,  aminomethyl propanol,  and  other  amines  are  all  used 
in  wrater-base  waxes  as  dispersing  agents.  Frequently  only  a 
guess  can  be  made  as  to  which  is  present.  Experience  indicates 
that  some  give  off  ammonia  on  heating  with  sodium  hydroxide 
more  readily  than  do  others.  With  mixtures,  such  as  are  at 
times  employed,  the  difficulty  increases. 

Dilute  the  aqueous  portion,  reserved  after  acidification,  to 
250  ml.  and  obtain  total  solids  on  an  aliquot.  The  rate  at  which 
the  solids  lose  weight  is  somewhat  indicative  of  the  type  of  amine 
present.  Keep  one  aliquot  in  the  oven,  after  evaporating  off 
the  bulk  of  the  water  on  the  steam  bath  for  just  sufficient  time 
to  be  sure  that  all  the  water  is  removed.  Cool  and  weigh.  De¬ 
duct  the  weight  of  chloride  equivalent  to  any  fixed  alkali  found 
in  the  ash.  The  residual  weight  will  be  that  of  the  hydro¬ 
chloride  of  the  amine  or  mixture  of  amines. 

On  another  aliquot,  determine  total  nitrogen  by  the  Kjeldahl 
method,  calculate  to  the  suspected  amine,  and  further  calculate 
to  the  hydrochloride  of  that  amine.  Thus,  by  trial  and  error 
calculations,  a  fair  estimate  of  the  type  of  amine,  and  also  its 
amount,  may  usually  be  obtained.  The  interpretation  of  re¬ 
sults  so  obtained  in  the  shape  of  a  formula  requires  considerable 
practical  experience  and  knowledge  both  of  the  chemical  and 
physical  properties  of  the  waxes,  resins,  and  amines,  and  of  the 
physical  properties  they  impart  to  the  finished  product. 
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The  existing  methods  of  brass  plate  analysis  for 
control  purposes  are  either  slow  or  inaccurate.  A 
method  is  described  whereby  brass  plate  consisting 
of  copper  and  zinc  only  may  be  analyzed  by  means 
of  a  polarograph  if  the  base  metal  is  iron  or  steel. 

The  brass  plate  is  dissolved  in  ammoniacal  am¬ 
monium  persulfate.  This  solution  is  added  to  a 
supporting  electrolyte  solution  containing  am¬ 
monium  hydroxide,  ammonium  chloride,  sodium 
sulfite,  and  gelatin  and  the  polarogram  is  read  after 
oxygen  and  persulfate  have  been  reduced  by  the 
sulfite.  Since  only  the  ratio  of  diffusion  currents 


THE  existing  methods  for  the  analysis  of  copper  and  zinc 
in  brass  plate  are  not  particularly  suitable  for  rapid  rou¬ 
tine  control.  The  most  rapid  methods,  those  involving  sepa¬ 
ration  with  hydrogen  sulfide,  require  20  to  30  minutes  of  the 
analyst’s  time  and  are  not  capable  of  very  high  accuracy  or 
reproducibility  under  production  conditions.  Methods  in¬ 
volving  electrolytic  separations  are  more  accurate  and  re¬ 
quire  less  of  the  analyst’s  time.  However,  the  total  time 
required  for  the  completion  of  the  analysis  is  frequently  so 
great  that  production  lines  may  be  held  up  if  analysis  is 
necessary  for  the  release  of  plated  articles. 

It  was  thought  that  the  polarograph  would  offer  an  ex¬ 
cellent  means  for  the  determination  of  the  composition  of 
pure  copper-zinc  brass  plate  if  suitable  conditions  could  be 
devised.  The  method  of  Hohn  ( 1 )  for  brass  analysis  and 
the  method  of  Kraus  and  Novak,  cited  by  Kolthoff  and 
Lingane  (S),  for  copper  and  zinc  in  zinc  ores  offered  proof 
that  a  polarographic  method  would  be  practical  for  brass 
plate  if  it  could  be  made  more  adaptable  to  rapid  routine 
control. 

With  these  facts  in  mind,  a  polarographic  method  was 
developed  for  the  analysis  of  copper-zinc  brass  plated  on 
iron  or  steel.  The  method  makes  use  of  the  “pilot  ion” 
system,  in  that  the  ratio  of  zinc  to  copper  is  determined 
rather  than  the  actual  amounts  of  each  ion  present.  Thus, 
exact  temperature  control  is  not  needed,  less  care  is  required 
in  measuring  solutions,  and  the  results  are  independent  of 
the  capillary  used.  The  entire  analysis  requires  a  total  time 
of  about  20  minutes  and  only  10  minutes  of  the  operator’s 
time.  It  may  be  depended  upon  to  give  results  within 
=*=1.0  per  cent  of  the  true  copper  percentage  in  rapid  control 
work,  and  within  ±0.5  per  cent  when  extra  precautions  are 
taken. 

Solid  brass  samples  are  dissolved  somewhat  slowly  by  the 
reagent  used  in  this  investigation.  However,  the  rate  of 
solution  may  be  increased  to  make  the  method  applicable  to 
solid  brass  by  agitation,  the  use  of  a  more  concentrated  solu¬ 
tion  of  the  reagent,  and  the  use  of  small  and  finely  divided 
samples.  It  should  be  possible  to  measure  the  zinc  to  copper 
ratio  in  the  absence  of  interfering  metals  and  to  calculate 


of  zinc  and  copper  ions  is  measured  instead  of  ex¬ 
act  diffusion  currents  of  the  individual  ions,  exact 
temperature  control  is  unnecessary,  less  care  is 
required  in  measuring  solutions,  and  the  results 
are  independent  of  the  capillary  used. 

The  entire  analysis  requires  an  elapsed  time  of  20 
minutes,  but  only  about  10  minutes  of  the  opera¬ 
tor’s  time.  Thus,  six  analyses  can  be  made  per 
hour  in  routine  work.  The  method  may  be  de¬ 
pended  upon  to  give  results  within  ±1  percent  of  the 
copper  percentage  in  rapid  control  work  and  within 
±0.5  per  cent  when  extra  precautions  are  taken. 


the  actual  per  cent  of  copper  in  special  cases  when  the  quantity 
of  metal  present  other  than  copper  and  zinc  is  known. 

Apparatus 

The  polarographic  apparatus  used  in  these  studies  was  the 
Fisher  Elecdropode,  a  manually  operated  instrument  equipped 
with  an  adjustable  galvanometer  sensitivity  control  and  a  re¬ 
sidual  current  compensating  device.  The  measurements  were 
made  with  the  quiet  mercury  pool  as  the  anode.  In  order  to 
refer  the  potentials  to  the  saturated  calomel  electrode  (S.  C.  E.) 
it  was  necessary  to  measure  the  pool  to  calomel  electrode  potential 
in  a  separate  operation  and  correct  the  former  readings  with 
this  value.  The  range  of  measurement  of  pool  to  calotael  elec¬ 
trode  potential  is  limited  to  ±0.2  volt.  The  conditions  chosen 
for  the  analyses  were  such  that  the  calomel-pool  potentials  were 
of  the  order  +0.19  volt,  and  were  somewhat  variable.  In  those 
cases  in  which  the  potential  was  greater  than  0.2  volt  it  was  pos¬ 
sible  to  approximate  the  value  with  sufficient  accuracy  by  ex¬ 
trapolation. 

The  capillaries  used  in  this  work  had  initial  drop  times  of 
approximately  3  seconds.  The  mercury  used  in  the  pool  was 
purified  by  drawing  air  through  it  under  10  per  cent  nitric  acid, 
washing  with  distilled  water,  drying,  and  “pinholing”,  while  that 
used  in  the  capillary  was  further  cleaned  by  vacuum  distillation. 

Solutions 

Standard  Brass  Solutions.  Solutions  of  the  desired  com¬ 
position  were  prepared  by  mixing  measured  volumes  of  standard 
copper  sulfate  and  zinc  sulfate  solutions.  The  copper  solution 
was  standardized  electrolytically.  The  zinc  solution  was  stand¬ 
ardized  with  potassium  ferrocyanide  solution  which  was  stand¬ 
ardized  against  a  standard  solution  of  zinc  prepared  from  the 
pure  metal.  Diphenylbenzidine  was  used  as  an  internal  indi¬ 
cator  in  the  zinc  standardization.  The  solutions  used  in  these 
experiments  contained  about  4.0  grams  of  copper  and  1.7  grams 
of  zinc  per  liter.  The  standard  solutions  for  polarographic  use 
were  made  from  salts  rather  than  from  the  pure  metals  because 
of  the  undesirable  effect  of  nitrate  on  the  polarogram. 

Standard  Ammonium  Persulfate  Solution.  This  solu¬ 
tion  is  3.75  N  in  ammonium  hydroxide  and  is  made  up  to  contain 
17.5  grams  of  c.  p.  ammonium  persulfate  per  100  ml.  of  solution. 
Dilution  of  this  solution  according  to  the  procedure  for  stand¬ 
ardization  results  in  a  solution  containing  the  amount  of  per¬ 
sulfate  that  is  present  when  15  mg.  of  70-30  brass  plate  are 
stripped  with  5  ml.  of  stripping  solution. 

Stripping  Solution.  The  solution  contains  80  grams  of  am¬ 
monium  persulfate  per  liter  of  solution  and  is  1.5  N  in  ammonium 
hydroxide,  c.  p.  grade  salt  was  used  in  these  experiments,  but  in 
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Table  I.  Analysis  of  Synthetically  Prepared  Samples 


Sample 

Copper 

Temperature  Polarographically 

Copper 

Known 

Copper 

Error 

’ 

°  C. 

% 

% 

% 

1 

26.7 

54.0 

54.30 

-0.30 

2 

26.1 

60.1 

60.25 

-0.15 

3 

26.6 

69.3 

69.45 

-0.15 

4 

25.8 

65.8 

65.80 

+  0.00 

5 

26.5 

73.5 

73.47 

+  0.03 

Temperature  of  standardization: 

25.5°  C. 

later  work  the  several  batches  of  technical  grade  material  that 
were  tested  were  found  to  be  free  of  interfering  substances. 

Supporting  Electrolyte.  This  solution  must  be  free  from 
copper  and  zinc.  It  has  the  following  composition: 

1.0  molar  in  c.  P.  ammonium  chloride 
1.5  molar  in  c.  P.  ammonium  hydroxide 
0.54  molar  in  c.  p.  sodium  sulfate 
0.67  gram  of  gelatin  per  liter 

Procedure 

Standardization  Procedure.  Pipet  3.0  ml.  of  standard 
brass  solution  into  a  small  beaker.  Add  2.0  ml.  of  standard 
ammonium  persulfate  solution  and  15  ml.  of  supporting  elec¬ 
trolyte  solution.  Mix  and  allow  to  stand  covered  for  10  minutes 
to  effect  complete  reduction  of  persulfate  and  of  oxygen.  Cool 
to  within  0.5°  C.  of  the  prevailing  room  temperature,  place  in  the 
electrolysis  cup  containing  the  pool  mercury,  and  measure  the 
potential  of  the  pool  with  reference  to  the  saturated  calomel  elec¬ 
trode.  Note  the  temperature  of  the  solution  and  record  the 
currents  (galvanometer  deflections)  at  the  following  voltages 
(vs.  S.  C.  E.) :  A  at -0.36  volt;  B  at  — 1.03  volts;  D  at  —1.605 
volts.  If  the  temperature  has  changed  more  than  0.2°  C.  during 
the  run,  repeat  the  readings.  For  very  accurate  work  a  fourth 
current,  C,  at  —1.305  volts  (v.s.  S.  C.  E.)  must  be  determined. 
—0.36  is  the  only  point  at  which  the  voltage  must  be  set  accu¬ 
rately,  since  the  other  points  occur  in  flat  regions  of  the  polaro- 
gram.  Variations  of  25  millivolts  usually  have  no  effect  on  the 
current  at  the  other  voltages.  The  above  voltages  were  chosen 
at  the  flattest  portions  of  the  current-voltage  curve. 

Brass  Plate  Analysis.  Strip  the  brass  plate  from  a  desired 
area  of  the  sample  by  flowing  a  given  quantity  of  stripping  solu¬ 
tion  over  the  surface,  using  a  pipet  fitted  with  a  rubber  bulb, 
until  the  brass  has  been  entirely  removed.  Do  not  allow  solu¬ 
tion  to  come  in  contact  with  rubber.  The  area  stripped  should 
be  such  that  15  mg.  of  brass  are  present  in  a  5-ml.  portion  of  the 
stripping  solution,  although  in  routine  work  this  may  vary  from 
5  to  about  25  mg.  per  5-ml.  portion.  The  warmer  the  sample  the 
more  rapid  the  stripping,  but  it  should  not  be  hot  enough  to 
volatilize  an  appreciable  amount  of  ammonia. 

Measure  5  ml.  of  the  brass  solution  into  a  beaker,  add  15  ml.  of 
supporting  electrolyte  solution,  cover,  and  let  stand  for  10  min¬ 
utes.  Cool  to  within  0.5°  C.  of  the  room  temperature  and  con¬ 
tinue  exactly  as  in  the  standardization.  The  proper  sensitivity 
range  of  the  galvanometer  to  use  may  be  determined  from  the 
magnitude  of  the  current  at  —0.36  volt  (vs.  S.  C.  E.). 

Experimental  Results 

A  series  of  samples,  made  synthetically  from  measured 
portions  of  the  standard  copper  sulfate  and  zinc  sulfate  solu¬ 
tions  described  above,  were  prepared  to  contain  the  same 
concentrations  of  stripping  solution  and  approximately  the 
same  amounts  of  ferric  hydroxide  as  are  found  in  samples 
obtained  from  plated  articles.  They  were  then  analyzed 
by  one  of  the  authors  without  knowledge  of  their  composi¬ 
tion.  The  results,  obtained  by  the  accurate  method  of 
calculation  described  below,  are  compared  in  Table  I  with 
the  known  values. 

A  second  series  of  samples  was  taken  from  brass  plate  in 
production.  A  portion  of  each  sample  was  analyzed  with 
the  Elecdropode,  and  the  results  were  calculated  by  the 
accurate  method.  The  remainder  of  each  sample  was  then 
analyzed  for  copper  electrolytically.  The  solution  after 
electrolysis  was  evaporated  to  sulfuric  acid  fumes,  the  small 
amount  of  iron  was  removed  with  ammonium  hydroxide,  and 


the  zinc  was  determined  with  standard  potassium  ferrocya- 
nide,  using  diphenylbenzidine  as  an  internal  indicator.  The 
data  obtained  by  the  two  methods  are  compared  in  Table  II. 

Calculations 

In  calculating  the  diffusion  currents  from  a  polarogram 
it  is  usually  necessary  to  take  into  consideration  two  factors, 
the  residual  current  due  to  the  supporting  electrolyte  and  the 
change  in  the  current  with  potential  above  and  below  the 
electrocapillary  zero  potential. 

Correction  for  the  former  was  found  to  be  unnecessary, 
at  least  for  quantities  of  brass  greater  than  5  mg.,  because 
of  the  very  low  and  almost  linear  residual  current-voltage 
curve  of  the  supporting  electrolyte. 

In  order  to  correct  for  the  change  in  current  with  increase, 
in  potential  it  is  necessary  to  measure  the  values  of  m2'3tl  6 
at  the  potentials  used  and  to  correct  the  diffusion  currents 

as  described  by  Kolthoff  (2).  The  mass  of  the  mercury 

dropping  per  second,  m,  and  the  drop  time  in  seconds,  t, 
were  measured  at  the  four  potentials  employed  in  the  pro¬ 
cedure,  using  a  typical  brass  plate  analysis  solution  for  the 
electrolyte.  The  electrocapillary  zero  potential  appears  to 
be  between  —0.40  and  —0.45  volt  (vs.  S.  C.  E.).  The  values 
of  m2/V  6  at  -0.36,  -1.03,  -1.305,  and  -1.605  volt 
(vs.  S.  C.  E.)  were  2.035,  2.009,  1.982,  and  1.939  mg.2'3 sec.~1/2, 
respectively.  The  correct  diffusion  currents  of  copper  and 
zinc  are  calculated  as  follows: 

id  (Cu)  =  B  -  (2.009/2.035)  A  =  B  —  0.987  A 

id  (Zn)  =  D  —  (1.939/1.982)  C  =  D  -  0.978  C 

where  A,  B,  C,  and  D  are  the  currents  at  the  above-mentioned 
potentials  as  previously  defined.  The  above  method  of 
calculating  the  diffusion  currents  is  referred  to  in  this  paper 
as  the  accurate  method  of  calculation. 


Table  II.  Comparison  of  Polarographic  and  Chemical 


Analysis  of  Brass  Plate 

Copper  _ 

Copper 

Sample 

Temperature 

Polarographically 

Chemically 

Difference 

°  C. 

% 

% 

% 

1 

25.1 

69.5 

69.10 

+  0.40 

2 

25.0 

76.5 

76.50 

+  0.00 

3 

24.5 

69.3 

69.45 

-0.15 

4 

23.8 

68.9 

68.80 

+  0.10 

5 

23.8 

72.8 

72.50 

+  0.30 

6 

24.1 

71.1 

71.05 

+  0.05 

Temperature  of  standardization:  1  and  2  = 

24.8°  C.,  3  to  6 

II 

to 

o 

O 

In  order  to  decrease  the  time  for  analysis  and  calculation 
in  routine  work  it  was  found  permissible  to  measure  only 
diffusion  currents  A,  B,  and  D  and  to  make  an  empirical 
correction  of  the  final  copper  percentage.  For  this  method, 
the  diffusion  currents  are  defined  as  follows : 

id  (Cu)  =  B  -  A 
id  (Zn)  =  D  -  B 

In  either  case  the  calculation  of  per  cent  copper  is  as 
follows: 

The  ratio  of  the  diffusion  currents  of  the  analyzed  sample  is 
Rx  =  id  (Zn)  /id  (Cu) 

In  order  to  obtain  the  weight  ratio,  Rw,  of  zinc  to  copper  in  the 
analyzed  sample,  divide  Rx  by  the  corresponding  diffusion  cur¬ 
rent  ratio  for  the  standard  brass  solution  and  multiply  by  the 
weight  ratio  of  zinc  to  copper  in  the  standard  brass  solution. 
Then, 

%  Cu  =  100/(1  +  E„) 

If  the  empirical  correction  method  is  to  be  used  when  the 
standard  solution  is  70  per  cent  copper,  add  0.1  per  cent  to  the 
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calculated  value  for  each  1  per  cent  below  70  per  cent  and  sub¬ 
tract  0.1  per  cent  for  each  1  per  cent  above  70  per  cent.  The 
limits  within  which  this  method  has  been  applied  are  60  to  80 
per  cent  copper.  No  data  are  available  using  other  standard 
solutions. 

It  is  frequently  desirable  to  know  the  approximate  average 
thickness  of  a  brass  plate.  If  the  brass  is  70  =±=  5  per  cent 
copper  and  the  temperature  of  the  analysis  is  within  1°  C.  of 
that  of  the  standardization,  this  can  be  done  by  comparing 
the  sum  of  the  diffusion  currents  of  the  sample  and  the 
standard.  It  is  thus  possible  to  calculate  the  quantity  of 
brass  in  the  analyzed  sample  if  the  quantity  in  the  standard 
solution  is  known,  and  to  calculate  the  thickness  of  the  brass 
plate  to  within  5  per  cent  of  the  true  average  value  without 
resorting  to  carefully  controlled  conditions. 

Discussion 

The  problem  of  selecting  the  best  supporting  electrolyte 
solution  was  simplified  by  a  limited  choice  of  methods  of 
stripping  the  plate  from  the  base  metal.  The  three  common 
reagents  used  for  this  purpose  are  nitric  acid,  ammoniacal 
ammonium  trichloroacetate,  and  ammoniacal  ammonium 
persulfate.  The  use  of  nitric  acid  is  not  practicable  because 
of  the  large  amounts  of  iron  that  may  be  dissolved.  Tri¬ 
chloroacetate  solution  produces  cathodic  waves  in  ammonia¬ 
cal  solution  and  therefore  cannot  be  used.  Persulfate  also 
produces  a  cathodic  wave,  but  this  ion  can  be  reduced  success¬ 
fully  with  sodium  sulfite  which  simultaneously  removes  the 
oxygen.  Experiment  showed  that  the  final  solution  should 
be  at  least  1.5  molar  in  ammonium  hydroxide  and  0.75  molar 
in  ammonium  salts,  and  should  contain  about  0.5  gram  of 
gelatin  per  liter;  0.4  molar  sodium  sulfite  provides  a  safe 
excess  of  reducing  agent.  Higher  concentrations  of  am¬ 
monium  hydroxide  and  ammonium  chloride  can  be  used 
and  appear  to  make  the  readings  less  sensitive  to  slight 
changes  in  supporting  electrolyte  concentrations,  but  the 
above  concentrations  proved  to  be  satisfactory.  Lower 
gelatin  concentrations  have  a  tendency  to  give  erratic  results 
because  of  failure  to  remove  maxima  completely  and  because 
of  more  pronounced  variations  in  the  diffusion  current  ratio 
with  slight  differences  in  the  gelatin  content.  Lower  sulfite 
concentrations  increase  the  time  of  standing  required  before 
the  polarogram  can  be  obtained  and  increase  the  error  due  to 
variations  in  final  sulfite  concentrations. 

The  effect  of  temperature  on  the  ratio  of  the  diffusion 
current  of  zinc  to  that  of  copper  is  small  compared  to  its 
effect  upon  the  individual  diffusion  currents  of  zinc  and  cop¬ 
per.  This  ratio  increases  only  about  0.25  per  cent  per  degree 
change  in  temperature,  indicating  a  slightly  greater  tempera¬ 
ture  coefficient  of  diffusion  current  of  the  zinc  ammonia 
ion  than  of  the  copper  ammonia  ion.  Thus  a  temperature 
difference  of  2°  C.  between  an  analysis  and  the  standardiza¬ 
tion  will  affect  the  ratio  by  0.5  per  cent  which  is  within  the 
limits  of  accuracy  of  the  measurements.  The  temperature 
must,  however,  be  maintained  constant  to  0.2°  C.  during  the 
current- voltage  readings  of  any  given  analysis  or  standardiza¬ 
tion  because  of  variation  with  temperature  of  one  diffusion 
current  without  an  equivalent  change  in  the  other.  This  is 
comparatively  simple,  since  the  time  required  for  a  given  set 
of  readings  is  only  about  2  minutes. 

The  current-voltage  curves  are  normal  in  form,  showing 
a  portion  of  one  wave  and  a  full  second  wave  for  copper  and 
a  single  wave  for  zinc.  They  also  show  the  decrease  in 
current  due  to  decrease  in  drop  time  with  increase  in’ potential 
above  the  electrocapillary  zero  potential.  The  half-wave 
potentials  are  very  close  to  those  given  by  Kolthoff  and 
Lingane  (4),  —0.48  (vs.  S.  C.  E.)  volt  for  cuprous  ion  to 
copper  and  —1.43  volts  (vs.  S.  C.  E.)  for  zinc  ion  to  zinc,  in 
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supporting  electrolytes  high  in  ammonium  hydroxide  and 
ammonium  chloride. 

Fresh  standard  ammonium  persulfate  solution  should  be 
made  each  week  before  standardization.  The  supporting 
electrolyte  solution  will  keep  indefinitely  out  of  contact  with 
air.  The  stripping  solution  should  be  kept  in  a  stoppered 
bottle  and  may  deteriorate  after  1  or  2  weeks.  None  of 
the  solutions  should  be  allowed  to  come  in  contact  with 
rubber  before  or  during  use.  Koroseal  tubing  has  been  found 
satisfactory  for  dispensing  the  supporting  electrolyte  solu¬ 
tion,  but  no  tests  have  been  made  with  any  tubing  for  dis¬ 
pensing  the  stripping  solution. 

If  the  sample  is  to  be  rinsed,  only  stripping  solution  should 
be  used  for  this  operation.  Rinsing  is  not  essential  in  routine 
work.  All  dilutions  of  the  stripped  “brass”  solution  must 
be  made  with  stripping  solution.  Experience  will  enable  the 
operator  to  decide  whether  such  dilution  is  necessary  to 
keep  the  solution  within  the  specified  concentration  limits. 
If  the  solution  must  be  more  concentrated,  more  brass  can 
be  stripped  with  the  solution  which  contains  the  previously 
stripped  brass. 

Because  the  action  of  persulfate  on  mercury  produces  ions 
which  affect  the  residual  current,  the  reduction  of  the  per¬ 
sulfate  with  the  sulfite  must  be  done  before  the  solution  comes 
in  contact  with  mercury. 

The  action  of  ammonium  persulfate  on  the  iron  from  which 
the  brass  has  been  stripped  will  produce  “rust”  spots,  particu¬ 
larly  when  the  sample  is  hot.  A  normal  amount  of  this  re¬ 
action  is  permissible,  but  an  excessive  amount  may  decompose 
too  much  persulfate  and  thus  change  the  concentration  of 
sulfite  ion  in  the  final  solution. 

A  number  of  elements  such  as  nickel,  cobalt,  manganese, 
and  cadmium,  which  are  reduced  under  the  conditions  of 
this  determination,  interfere  with  the  analysis.  Small 
amounts  of  lead  do  not  affect  the  polarograms,  while  the 
insolubility  of  the  hydroxide  prevents  the  interference  of 
iron.  The  presence  of  the  precipitate  of  iron  hydroxide  in 
the  electrolysis  solution  does  not  measurably  affect  the  polaro¬ 
gram. 

Since  the  success  of  the  method  depends  on  the  maintenance 
of  a  constant  supporting  electrolyte  concentration,  a  large 
excess  of  sodium  sulfite  is  used.  This  leaves  a  relatively 
constant  amount  of  sulfite  ion  in  the  final  electrolysis  solu¬ 
tion,  regardless  of  slight  variations  in  the  quantity  of  per¬ 
sulfate  used  up  in  the  stripping  process.  Thus  it  is  permissible 
to  use  only  one  standardization  for  a  range  of  samples  con¬ 
taining  from  5  to  25  mg.  of  brass  per  5  ml.  of  solution  without 
introducing  appreciable  error  into  routine  analysis.  The 
difference  between  the  ratio  of  the  diffusion  currents  which 
would  be  obtained  when  the  minimum  (5  mg.)  and  the 
maximum  (25  mg.)  of  brass  are  present  in  5  ml.  of  solution 
has  been  found  to  be  about  1.5  per  cent.  When  this  value 
is  applied  to  the  calculation  of  per  cent  copper  in  a  70-30 
brass,  it  represents  an  error  of  about  0.5  per  cent  copper. 
The  mean  value  between  these  limits  is  found  when  the 
solution  contains  approximately  15  mg.  of  brass  in  5  ml. 
Therefore,  if  the  standardization  conditions  simulate  those 
existing  when  15  mg.  of  brass  are  stripped  by  5  ml.  of  strip¬ 
ping  solution,  the  maximum  error  which  can  be  attributed  to 
this  source  will  be  only  =*=0.25  per  cent  copper.  In  more 
accurate  work,  empirical  corrections  or  calibration  of  the 
instrument  with  persulfate  concentrations  corresponding 
to  various  brass  concentrations  will  reduce  this  error. 

The  temperature  effect  on  the  ratio  of  diffusion  currents 
has  been  previously  noted  as  causing  an  error  of  about  0.25 
per  cent  per  degree.  This  causes  an  error  of  about  0.1  per 
cent  per  degree  in  the  copper  percentage  in  70-30  brass. 
This  error  may  be  eliminated  in  more  accurate  work  by  the 
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use  of  more  exact  temperature  control  or  of  temperature  co¬ 
efficient  corrections. 

The  reproducibility  of  the  method  was  determined  by 
repeated  standardizations  with  varying  “brass”  concentra¬ 
tions  using  different  galvanometer  sensitivities,  with  and 
without  compensation  for  the  residual  current  of  the  copper 
wave.  The  diffusion  current  ratio  was  found  to  be  repro¬ 
ducible  to  within  ±0.5  per  cent  average  deviation  from  the 
mean  if  the  galvanometer  has  a  linear  response  and  if  the 
temperature  is  constant  within  1°.  The  maximum  probable 
error  is  about  1  per  cent  of  the  ratio.  This  represents  an 
error  of  about  ±0.3  per  cent  copper  in  70-30  brass,  and  can 
be  safely  said  to  represent  the  maximum  error  of  the  method 
using  carefully  controlled  conditions  and  the  accurate  method 
of  calculation. 

The  error  introduced  by  using  the  rapid  empirical  method 
of  correcting  the  copper  percentages  is  very  small.  In  28 
determinations  the  maximum  difference  between  values  ob¬ 
tained  by  this  method  and  the  accurate  method  of  calculation 
was  0.3  per  cent  copper  and  the  average  difference  was  0.1 
per  cent  copper. 

The  maximum  probable  error  of  the  routine  method  of 
analysis  in  which  the  temperature  is  controlled  only  to  ±2°  C., 


one  standardization  is  used  for  all  quantities  of  brass  from 
5  to  25  mg.  per  5  ml.  of  solution,  and  the  rapid  empirical 
method  of  calculation  is  used,  can  be  found  from  the  above 
discussion  to  be  about  ±1  per  cent  copper.  The  average 
error  will  be  considerably  less  than  this  value. 

Summary 

A  polarographic  method  is  described  for  the  determina¬ 
tion  of  copper  and  zinc  in  brass  plate  on  iron  or  steel,  which  is 
capable  of  determining  the  copper  percentage  to  within 
±1  per  cent  in  routine  analysis  and  within  0.5  per  cent 
under  carefully  controlled  conditions. 

The  total  time  for  a  single  analysis  is  approximately  20 
minutes,  and  since  the  attention  of  the  operator  is  required  for 
less  than  10  minutes,  about  six  analyses  can  be  made  per 
hour. 
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Water  Thermoregulator 
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AN  INEXPENSIVE,  easily  portable  thermoregulator, 
_t\_  capable  of  maintaining  a  variation  of  ±0.5°  C.  in  bath 
temperature,  is  quickly  constructed  from  a  branched-tube 
regulator  using  a  mercury  valve.  No  electricity  is  used, 
power  being  obtained  directly  from  the  feed  water. 

As  shown  in  Figure  1,  the  bath  was  used  at  20°  C.,  with  warm 
water  entering  A  to  keep  it  up  to  temperature.  Above  20°  C.  an 
external  heater  is  to  be  preferred,  with  cold  water  entering  at  A 
controlling  the  excess  quantity  of  heat  supplied. 

The  regulator  consists  of  two  parts :  the  pendulum  group  and 
the  valve  group. 

The  pendulum  group  consists  of  a  tube,  C,  of  7-mm.  bore,  about 
45  cm.  (18  inches)  long,  suspended  by  a  piece  of  rubber  tubing,  B 
firmly  clamped  at  its  upper  end.  The  amount  of  swing  allowed 
the  pendulum  is  regulated  by  the  slotted  guide  plate,  E.  A  tube, 
F,  holding  at  least  10  ml.  of  water,  is  held  on  an  arm  at  right 
angles  to  the  vertical  tube,  C,  but  free  to  move  vertically  up  and 
down  it.  A  weight,  G,  counterbalances  the  weight  of  F. 

The  valve  group  consists  of  a  toluene-mercury  regulator,  P, 
with  a  branched  tube  serving  as  a  valve.  A  vessel  holding  at 
least  75  ml.  of  toluene  is  recommended.  The  adjusting  device 
consists  of  a  large-diameter  knurled  setscrew  entering  a  7-mm. 
glass  side  arm.  The  vertical  tube  and  side  arm  are  made  of  3- 
mm.  bore  tubing.  A  is  a  constant-level  device,  while  R  is  a 
bleeder  emitting  water  to  the  drain  at  approximately  30  ml.  per 
minute. 

The  action  is  as  follows: 

A  small  amount  of  water  enters  the  valve  group  at  M,  flowing 
into  the  constant-level  tube,  N.  Any  excess  is  led  to  waste. 
Water  flows  down  tube  0  into  the  vertical  arm  of  the  regulator 
and  up  the  inclined  arm  through  tube  Q  to  fill  vessel  F.  The 
weight  of  F  is  now  great  enough  to  force  tube  C  over  and  deliver 
water  into  the  bath.  As  the  temperature  rises  the  mercury 
assumes  the  shape  as  shown  in  the  diagram  and  seals  off  tube  Q, 
preventing  water  from  reaching  F.  Bleeder  R,  though  operating 
continuously,  is  now  able  to  empty  F  in  a  few  seconds  and  allows 
tube  C  to  swing  back  over  the  baffle.  When  the  temperature 
drops  the  mercury  falls,  allowing  the  water  to  reenter  Q,  and  the 
cycle  is  repeated. 

No  cutting  off  of  the  mercury  column  takes  place  when  the 
water  leaves  by  way  of  the  inclined  tube.  A  small  head,  h,  of 
water  is  to  be  preferred.  Good  results  were  obtained  when  a  head 
of  15  to  20  cm.  (6  to  8  inches)  was  used.  A  temperature  variation 
of  ±0.5°  C.  was  easily  maintained  in  6-day  runs. 


Calibration  of  a  Photoelectric  Colorimeter  for 
the  Determination  of  Chlorophyll 

Relation  between  Spectra  of  Standards  and  Accuracy  of  Analytical  Results 

C.  L.  COMAR,  ERWIN  J.  BENNE,  and  E.  K.  BUTEYN 
Michigan  Agricultural  Experiment  Station,  East  Lansing,  Mich. 


CHLOROPHYLLS  a  and  b,  because  of  their  character¬ 
istic  absorption  spectra,  comprise  a  system  which  is 
eminently  suitable  for  the  application  of  photoelectric  colori¬ 
metric  and  spectrophotometric  methods  of  analysis.  An 
accurate  and  relatively  simple  spectrophotometric  method 
for  the  determination  of  the  individual  components,  as  well 
as  total  chlorophyll,  based  on  the  fundamental  absorption 
spectra  of  chlorophylls  a  and  b  is  available  ( 1 ,  2).  The 
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Figure  1.  Absorption  Spectra  of 
Chlorophyll  Preparations  in  Diethyl 
Ether  Solution 


situation  with  regard  to  the  photoelectric  colorimetric  evalua¬ 
tion  of  total  chlorophyll,  however,  is  less  satisfactory,  pri¬ 
marily  owing  to  the  uncertainties  encountered  in  obtaining, 
preparing,  storing,  or  using  chlorophyll  preparations  and  the 
sensitivity  of  the  analytical  values  to  the  spectrum  of  the 
standard  used  for  the  calibration  of  the  instrument. 

In  the  spectrophotometric  method  as  described  by  Comar 
and  Zscheile  (2)  and  Comar  ( 1 )  the  pigments  must  be  trans¬ 
ferred  from  the  original  acetone  extract  to  diethyl  ether 
solution  and  the  light-absorption  readings  made  on  an  op¬ 
tical  instrument  capable  of  isolating  a  spectral  region  of 
about  30  A.  near  wave  length  6600  A.  with  negligible  stray 
radiation.  The  necessary  washing  of  the  ether  solution  is 
rather  time-consuming  and  high  quality  optical  equipment 
is  required  to  fulfill  the  above  conditions.  In  the  many  in¬ 
stances  where  it  is  sufficient  to  evaluate  only  total  chlorophyll 


the  determination  may  be  greatly  shortened  and  simplified 
by  making  the  measurements  directly  on  the  acetone  extract 
and  using  a  photoelectric  colorimeter  and  calibration  curve 
instead  of  the  more  complicated  and  often  less  available 
spectrophotometer.  Petering,  Wolman,  and  Hibbard  (5) 
determined  chlorophyll  in  this  way,  using  5X  chlorophyll 
from  American  Chlorophyll,  Inc.,  for  the  calibration  stand¬ 
ard.  However,  as  in  any  absolute  colorimetric  method, 
accurate  results  will  be  obtained  only  if  the  absorption  of  the 
standard  is  identical  with  that  of  the  substance  under  con¬ 
sideration  as  measured  in  the  unknown  solution.  This  is  of 
particular  importance  in  the  case  of  chlorophyll,  because  of 
the  instability  of  the  isolated  pigment,  the  sensitivity  of  its 
spectrum  to  the  formation  of  degradation  products,  and  the 
variations  in  the  chlorophyll  a  to  b  ratio  which  occur  as  a 
result  of  preparative  procedure. 

The  work  presented  here  shows  the  relation  between  the 
absorption  spectra  of  the  standard  chlorophyll  and  the 
accuracy  of  the  analytical  results  and  presents  a  means  of 
calibration  which  avoids  the  difficulties  incurred  by  the  use  of 
chlorophyll  standards  in  photoelectric  colorimetry. 


Experimental 

Three  samples  of  chlorophyll  ( a  +  6)  were  used:  (1)  a  re¬ 
search  grade  of  chlorophyll  purchased  from  a  domestic  concern 
(designated  in  this  paper  as  commercial  chlorophyll,  Sample  1). 
According  to  the  manufacturer  it  was  prepared  in  June,  1942, 
and  stored  in  a  cool  dark  place  until  February,  1943,  at  which 
time  the  measurements  were  made.  (2)  A  research  grade  of 
chlorophyll  purchased  several  years  ago  from  the  same  company 
and  stored  for  the  most  part  at  5  °  C.  and  in  the  dark  during  that 
period  (designated  as  commercial  chlorophyll,  Sample  2).  (3) 

Chlorophyll  prepared  in  this  laboratory  by  the  method  of 
Zscheile  and  Comar  (7)  in  August,  1941.  This  sample  had  been 
dried  at  the  time  of  preparation  and  was  stored  at  5°  C.  in  the 
dark  until  used  in  the  work  reported  here,  October,  1942  (desig¬ 
nated  as  chlorophyll  Z.-C.). 

The  absorption  spectra  of  these  chlorophylls  in  diethyl  ether 
solution  are  presented  in  Figure  1.  They  were  determined  by 
means  of  a  Cenco-Sheard  spectrophotelometer  under  instru¬ 
mental  conditions  as  described  by  Comar  ( 1 ).  Beer’s  law  is 
used  in  the  form: 


a 


cl 


(1) 


where  a. 


c 

l 

h 

I 


=  specific  absorption  coefficient  (liters  per  gram- 
centimeter) 

=  concentration  (grams  per  liter) 

=  thickness  of  solution  layer 

=  intensity  of  light  transmitted  by  solvent-filled  cell 
=  intensity  of  light  transmitted  by  solution-filled  cell 


For  the  colorimetric  evaluations  a  Cenco  photelometer  was 
used  with  a  combination  of  Corning  H.  R.  light  filters  Nos.  243 
and  396  of  standard  thickness.  The  instrumental  details  were 
as  described  by  Petering,  Wolman,  and  Hibbard  (5).  The  cali¬ 
bration  curves  for  the  three  chlorophyll  samples  in  85  per  cent 
acetone  solution  are  represented  by  the  upper  three  curves  of 
Figure  2. 

The  lowest  curve  in  Figure  2  (chlorophyll-plant  extract)  was 
obtained  in  the  following  way.  A  sample  of  fresh  leaf  tissue 
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Figure  2.  Comparison  of  Calibration  Curves  Obtained 
by  Using  Different  Chlorophyll  Standards 


was  3.98  mg.  per  liter  [see  ( 1 )  for  method  of  calculation].  Since 
there  was  an  over-all  dilution  of  16,  the  chlorophyll  content  of 
the  acetone  solution  was  (3.98)  (16)  =  63.7  mg.  per  liter.  The 
original  acetone  solution  was  then  diluted  as  shown  in  Table  I 
and  the  measurements  were  made  with  the  photelometer. 

The  values  of  chlorophyll  content  in  Table  I  are  calculated 
from  the  dilution  factor  and  the  concentration  of  the  stock 
solution  as  determined  spectrophotometrically,  and  the  cali¬ 
bration  curve  is  then  constructed  by  plotting  the  per  cent 

transmission,  or  logi0  value,  against  chlorophyll  content. 

A  calibration  curve  obtained  using  torfiato  leaves  was  identi¬ 
cal  with  that  reported  above. 

The  following  procedure  was  used  for  the  analyses  given 
in  Table  II: 

A  weighed  sample  of  the  fresh  leaf  tissue  was  disintegrated  as 
described  above  and  the  85  per  cent  acetone  solution  made  to 
volume.  An  aliquot  of  this  solution  was  transferred  to  ether 
and  analyzed  spectrophotometrically  by  the  Comar  method  (1). 
Another  aliquot  of  the  original  acetone  solution  was  analyzed 
colorimetrically  by  the  Petering,  Wolman,  and  Hibbard  method 
(5),  using  the  filter  instrument  and  each  of  the  calibration  curves. 


Table  I.  Data  for  Plant  Extract  Calibration  Curve 


Dilution 

Photelometer 

T  100 
Logio  ~y~ 

Stock 

85% 

Chlorophyll 

Reading, 

solution 

acetone 

Content 

%  Transmission 

Ml. 

Ml. 

Mg./l. 

10 

0 

63.7 

13.8 

0.860 

9 

1 

57.3 

15.9 

0.798 

8 

2 

51.0 

18.0 

0.744 

7 

3 

44.6 

20.0 

0.699 

6 

4 

38.2 

23.9 

0.622 

5 

5 

31.9 

28.5 

0.545 

4 

6 

25.5 

34.7 

0.459 

3 

7 

19.1 

43.0 

0.366 

2 

8 

12.7 

54.9 

0.260 

1 

9 

6.4 

72.0 

0. 142 

Discussion 

Numerous  workers  (3,  4,  6,  7)  have  discussed  the  disagree¬ 
ments  in  the  reported  spectroscopic  values  for  the  chloro¬ 
phylls  and  the  factors  involved  in  chlorophyll  degradation. 
It  is  to  be  emphasized  that  chlorophyll  is  not  stable,  and 
tends  to  form  pheophytin  as  one  of  the  first  products  of  de¬ 
composition.  As  a  rule  the  chlorophyll  degradation  products 
absorb  less  in  the  region  near  6600  A.  than  the  pure  pigment; 
therefore  any  such  mixture  will  have  an  absorption  in  this 
region  lower  than  that  of  pure  chlorophyll.  This  is  con¬ 
sidered  to  account  for  the  differences  shown  in  Figure  1. 


was  disintegrated  in  a  Waring  Blendor  in  85  per  cent  acetone  to 
which  a  small  amount  of  calcium  carbonate  had  been  added. 
The  macerate  was  filtered  through  paper  by  suction  and  the 
filtrate  made  to  volume  with  85  per  cent  acetone.  An  aliquot 
was  transferred  to  ether  and  the  absolute  chlorophyll  content 
determined  spectrophotometrically  as  described  by  Comar  (1). 
A  series  of  dilutions  was  then  made  from  the  stock  acetone  solu¬ 
tion  and  the  light  transmission  of  each  of  these  dilutions  wras 
measured  on  the  photelometer  as  described  by 
Petering,  Wolman,  and  Hibbard  (5).  The 
chlorophyll  content  of  each  of  the  above  solu¬ 
tions  was  calculated  from  the  value  obtained  — 


Both  commercial  samples  of  chlorophyll  exhibited  the  in¬ 
creased  typical  pheophytin  absorption  in  the  region  near 
5100  A.  which  indicated  that  the  lowered  absorption  was  not 
due  merely  to  the  presence  of  inert  impurities.  Commercial 
chlorophyll,  Sample  1,  was  unusual  in  that  the  red  peak 
position  was  shifted  50  A.  towards  the  shorter  wave  lengths 
as  compared  to  the  normal  chlorophyll.  Zscheile  and  Comar 
(7)  found  that  research  grades  of  chlorophyll  a  and  chloro- 


for  the  stock  solution  by  the  spectrophoto- 
metric  method  and  the  calibration  curve  was 
then  constructed.  The  following  experiment 
will  serve  to  illustrate  the  calibration  pro¬ 
cedure. 

A  4.00-gram  sample  of  fresh  leaf  tissue  from 
Norway  maple  was  extracted  with  85  per  cent 
acetone  as  described  and  made  to  250  ml. 
Following  the  Comar  method  (1),  a  25-ml. 
aliquot  of  the  acetone  solution  was  transferred 
to  ether,  and  after  washing  made  to  100  ml. 
It  was  then  necessary  to  dilute  this  solution 
four  times  for  the  spectrophotometric  meas¬ 


urements  in  order  to  bring  the  log™  j  values 


into  the  accurate  range.  This  yielded  the 
following  values,  using  a  2-cm.  absorption  cell: 


log10  j  at  6600  A.  =  0.565 


log10  j  at  6425  A.  =  0.234 

From  these  values  it  is  calculated  that 
the  chlorophyll  concentration  of  the  solu¬ 
tion  measured  with  the  spectrophotometer 


Table  II.  Chlorophyll  Analyses 


(Results  by  the  Spectroph  rtometric  Method  Compared  with  Those  by  the  Photoelectrio 
Colorimetric  Method  Using  Different  Calibration  Standards  with  the  Latter0) 


Spectro-  - - Photoelectric  Colorimeter  Calibrated  with: - — < 

photometric  Chlorophyll  Chlorophyll  Commercial  Commercial 
Plant  Leaf  Method,  %  in  plant  by  Z.-C.  chlorophyll,  chlorophyll 

Material  Chlorophyll  a  extract  method  Sample  I  Sample  2 


■Mg.  of  total 


Norway  maple 

68. 

5 

3. 

98 

4. 

12 

Muskmelon 

68. 

4 

1. 

75 

1. 

77 

Alfalfa 

70. 

3 

3. 

07 

2. 

95 

Crimean  linden 

67. 

8 

2. 

83 

2. 

88 

Tomato 

69. 

8 

1. 

69 

1. 

69 

Lima  bean 

70. 

7 

2. 

18 

2. 

10 

Watermelon 

70. 

9 

1. 

43 

1. 

57 

Peanut 

70. 

5 

2. 

09 

1. 

.99 

Bush  string  bean 

69. 

8 

1. 

84 

1. 

.81 

Pepper 

69. 

.8 

2, 

.03 

2. 

.01 

Oats 

72, 

.5 

2. 

.02 

1. 

.95 

Wheat 

73. 

.2 

2. 

.02 

1. 

.98 

Broccoli 

70. 

.0 

2. 

.76 

2. 

.60 

Spinach 

71 

.9 

1 

.25 

1. 

.20 

Beets 

72 

.2 

1 

.10 

1 

.07 

Carrot 

71. 

.1 

2. 

.09 

2. 

.02 

Blue  grass 

70. 

.0 

2. 

.48 

2. 

.46 

Sunflower 

70 

.8 

1. 

.89 

1 

.80 

Rhubarb 

69 

.2 

0. 

.79 

0 

.79 

Black  locust 

69 

.3 

3 

.15 

2. 

92 

Hollyhock 

72 

.3 

2 

.16 

2. 

.07 

Peach 

71 

.2 

2 

.19 

2 

.41 

Clover 

71 

.8 

2. 

.74 

2. 

.68 

Burdock 

70 

.5 

2. 

.11 

2. 

.02 

chlorophyll  per 

gram  of  leaf  tissue - 

4.88 

5.38 

7.00 

2.12 

2.41 

3.20 

3.52 

3.99 

5.23 

3.48 

3.82 

5.00 

2.03 

2.32 

3.01 

2.47 

2.88 

3.70 

1.87 

2.13 

2.78 

2.40 

2.70 

3.60 

2.06 

2.56 

3.08 

2.29 

2.76 

3.39 

2.35  • 

2.67 

3.46 

2.39 

2.70 

3.53 

3.14 

3.52 

4.67 

1.45 

1.65 

2.13 

1.31 

1.56 

1.90 

2.44 

2.77 

3.62 

2.94 

3.33 

4.33 

2.16 

2.48 

3.26 

0.95 

1.08 

1.40 

3.57 

4.02 

5.27 

2.50 

2.84 

3.73 

2.90 

3.30 

4.36 

3.19 

3.57 

4.64 

2.42 

2.79 

3.67 

°  Description  of  standards  given  under  Experimental. 
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phyll  b  purchased  from  a  company  in  Switzerland  showed  the 
presence  of  significant  amounts  of  pheophytin. 

Another  factor  affecting  the  height  of  the  absorption  curve 
is  the  relative  amounts  of  chlorophyll  a  and  b  present.  It 
may  be  observed  from  the  spectra  of  chlorophyll  a  and  b  (1) 
that  the  higher  the  ratio  of  a  to  b  the  greater  will  be  the  ab¬ 
sorption  in  the  region  near  6600  A.  This  factor  is  not  im¬ 
portant  from  the  point  of  view  of  the  ratio  of  a  to  b  in  the 
usual  plant  material  to  be  analyzed,  since  this  ratio  is  remark¬ 
ably  constant.  Table  II  indicates  that  the  variation  in  per¬ 
centage  of  chlorophyll  a  for  the  24  plants  studied  is  not  great 
enough  to  cause  significant  errors  in  the  determinations  as 
described  here.  However,  in  the  isolated  chlorophyll  (a  + 
b )  used  as  the  calibration  standard  this  ratio  may  be  altered 
by  the  preparative  procedure.  For  instance,  in  the  Zscheile- 
Comar  method  of  preparation  (7)  it  is  necessary  to  use  a 
methanol  wash  to  eliminate  xanthophylls  and  this  preferen¬ 
tially  removes  chlorophyll  b  which  is  more  soluble  than 
chlorophyll  a  in  methanol.  Thus  the  Zscheile-Comar  sample 
represented  in  Figure  1  contained  about  84  per  cent  chlorophyll 
a  instead  of  the  68  to  72  per  cent  found  in  the  usual  leaf  tissue. 

As  would  be  expected,  the  spread  shown  by  the  calibration 
curves,  Figure  2,  parallels  in  general  the  differences  as  found 
in  the  spectra  of  the  chlorophyll  standards,  Figure  1 .  Numer¬ 
ical  relations  between  the  calibration  curve  and  the  height 
of  the  absorption  peaks  cannot  be  easily  calculated,  however, 
since  with  the  colorimeter  the  integrated  absorption  over  the 
entire  spectral  region  isolated  by  the  filter  system  must  be 
considered. 

It  follows  that  differences  in  the  absorption  of  the  standards 
that  carry  through  into  the  calibration  curves  will  be  re¬ 
flected  in  the  analytical  values  obtained.  This  is  evident 
from  the  results  presented  in  Table  II.  Satisfactory  agree¬ 
ment  is  obtained  between  the  spectrophotometric  method 
and  the  colorimetric  method  employing  the  plant  extract 
calibration  curve.  Out  of  the  24  plants  studied,  only  the 
results  from  peach  leaves  showed  significant  disagreement. 
The  cause  of  the  discrepancy  is  not  evident  and  the  necessity 
for  further  study  of  this  particular  plant  material  is  indicated. 

In  the  case  of  all  results  where  the  calibration  curves  from 
the  chlorophyll  standards  were  employed,  the  deviations  from 
the  spectrophotometric  values  were  considerable  and  were  of 
the  same  order  of  magnitude  for  any  given  standard.  The 
values  obtained  using  Commercial  Chlorophyll,  Sample  1, 
were  all  about  35  per  cent  higher  than  the  corresponding 
spectrophotometric  values,  those  with  commercial  chloro¬ 
phyll,  Sample  2,  were  about  75  per  cent  higher,  and  those 
with  the  chlorophyll  prepared  in  this  laboratory  about  18 
per  cent  higher.  In  all  cases  the  precision  was  excellent  and 
recovery  of  the  added  standard  in  each  instance  would  have 
been  accurate;  however,  this  cannot  be  considered  as  a 
criterion  of  how  nearly  the  analytical  results  wall  approach  the 
absolute  chlorophyll  values. 

It  is  not  easy,  then,  to  obtain  chlorophyll  sufficiently  pure 
for  use  as  a  calibration  standard.  Commercial  samples 
studied  have  not  been  found  reliable  and  are  actually  un¬ 
obtainable  at  the  present  time.  The  isolation  of  chlorophyll 
in  the  laboratory  is  difficult  for  inexperienced  workers,  and 
unless  extreme  precautions  are  taken  will  not  always  yield 
an  uncontaminated  product;  Zscheile  and  Comar  (7)  have 
shown  that  drying  chlorophyll  tends  to  increase  the  degrada¬ 
tion.  In  any  event,  a  chlorophyll  sample  must  be  studied 
spectroscopically  before  confidence  can  be  placed  in  analytical 
values  obtained  by  its  use  as  a  calibration  standard.  There 
are  also  problems  involved  in  the  satisfactory  storage  of  the 
pigment. 

A  calibration  curve  obtained  from  a  typical  plant  extract 
as  described  above  will  be  valid  for  most  of  the  usual  plants. 
Where  there  is  an  abnormal  chlorophyll  a  to  b  ratio  the  cali¬ 
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bration  should  be  made  using  an  extract  of  this  substance  or 
of  one  that  approximates  it  in  the  a  to  b  ratio. 

Although  a  specific  type  of  photoelectric  colorimeter  was 
employed  in  this  work,  there  is  no  reason  why  similar  results 
should  not  be  obtainable  with  other  instruments  of  equiva¬ 
lent  precision  employing  appropriate  filters.  If  a  suitable 
spectrophotometer  is  unavailable  this  method  of  calibrating  a 
photoelectric  colorimeter  can  still  be  used  conveniently,  pro¬ 
vided  it  can  be  arranged  for  another  laboratory  to  make  the 
measurements  at  6600  and  6425  A.  required  to  evaluate  the 
chlorophyll  concentration.  The  worker  desiring  this  in¬ 
formation  can  prepare  the  ether  solutions  of  appropriate 
concentrations  and  ship  them  in  tightly  corked  bottles 
packed  in  dry  ice  by  air  express  to  the  laboratory  making 
measurements.  Zscheile,  Comar,  and  Mackinney  ( 8 )  ex¬ 
changed  samples  satisfactorily  in  this  manner  between 
Indiana  and  California,  and  it  has  been  found  that  such  ether 
solutions  can  be  stored  for  at  least  3  months  without  change 
of  analytical  results  ( 2 ).  The  colorimetric  readings  on  the 
acetone  solutions  should  be  made  immediately  after  prepara¬ 
tion  of  the  plant  extract  and  the  calculations  can  be  made 
at  a  later  date  after  receipt  of  the  spectrophotometric  data. 

Since  the  colorimetric  results  are  dependent  to  such  a  large 
degree  on  the  spectrum  of  the  chlorophyll  standard,  it  is  evi¬ 
dent  that  satisfactory  interlaboratory  agreement  will  not  be 
attained  until  all  laboratories  employ  standards  with  identical 
absorption  properties  for  the  optical  systems  used.  In  view 
of  the  characteristics  of  this  pigment,  calibration  as  herein 
described  by  means  of  the  plant  extract  and  the  spectro¬ 
photometric  method  seems  to  offer  an  immediate  practical 
solution  to  the  problem. 

These  principles  apply  to  colorimetric  analysis  in  general 
and  this  procedure  may  be  advantageously  employed  in  other 
methods  where  the  calibration  standards  are  of  unstable 
character  or  difficult  to  obtain.  Work  designed  to  demon¬ 
strate  the  broad  application  of  these  principles  is  under  way. 

Summary 

A  comparison  is  presented  of  the  absorption  spectra  of 
three  chlorophyll  preparations  and  the  analytical  results 
obtained  when  these  preparations  were  used  as  standards 
for  the  calibration  of  a  photoelectric  colorimeter.  Analytical 
values  from  24  different  plant  sources  show  that  deviations 
as  high  as  75  per  cent  from  the  true  values  may  occur,  de¬ 
pending  on  the  purity  of  the  standard. 

A  simple  plant  extract  may  be  used  for  calibration  purposes 
where  it  is  possible  to  have  an  aliquot  of  the  extract  analyzed 
for  chlorophyll,  using  an  established  spectrophotometric 
method  and  published  absorption  coefficients,  thus  avoiding 
the  uncertainties  involved  in  the  use  of  chlorophyll  prepara¬ 
tions  as  standards. 
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Quantitative  Chemical  Microdetermination  of 
Twelve  Elements  in  Plant  Tissue 

A  Systematic  Procedure 
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A  systematic  procedure  of  analysis  is  pre¬ 
sented  for  the  quantitative  chemical  micro¬ 
determination  of  twelve  nutritionally  im¬ 
portant  elements  on  single  samples  of  plant 
tissue.  The  elements  determined  are  cal¬ 
cium,  magnesium,  potassium,  sodium, 


INVESTIGATIONS  being  carried  out  at  this  laboratory 
on  the  relationships  of  soil  fertility  to  the  production  of 
food  crops  of  high  nutritive  value  are  concerned  with  both 
the  macro-  and  the  micronutrient  elements.  A  fairly  com¬ 
plete  study  of  these  interrelationships  necessitates  an  ex¬ 
tensive  analytical  program.  It  would  be  desirable  to  have 
analyses  for  all  the  mineral  elements  commonly  accepted  as 
being  essential  for  the  growth  of  either  plants  or  animals. 
The  procedure  presented  here  is  for  the  analysis  of  calcium, 
magnesium,  potassium,  sodium,  phosphorus,  sulfur,  iron, 
manganese,  zinc,  molybdenum,  copper,  and  cobalt.  It  is 
hoped  that  future  work  will  make  possible  the  inclusion  of 
other  nutritionally  important  elements  in  some  such  system 
of  analysis. 

An  examination  of  published  analytical  procedures  reveals 
a  number  of  excellent  methods  for  the  individual  deter¬ 
mination  of  these  elements.  The  adoption  of  these  methods 
in  the  routine  determination  of  such  a  list  of  elements  on  each 
of  hundreds  of  samples  of  plant  material  is  impracticable. 
Many  of  the  proposed  analytical  methods  are  designed  for 
the  determination  of  but  one  or  two  elements  on  the  ash  of  a 
sample  of  plant  material;  hence  the  determination  of  a  dozen 
elements  would  require  at  least  two  or  three  separate  ashings 
of  each  sample.  This  involves  not  only  considerable  time  and 
labor,  but  also  an  amount  of  sample  which  is  often  not  avail¬ 
able.  This  is  particularly  true  in  certain  greenhouse  pot 
studies,  where  an  extensive  mineral  analysis  is  desired  on  a 
sample  consisting  of  only  a  few  plants  or  plant  parts.  This 
situation  has  been  confronted  in  the  majority  of  the  soil 
and  sand  pot  studies  at  this  laboratory,  in  which  it  was 
desired  to  make  determinations  on  the  individual  replicates 
of  a  given  treatment. 

The  scheme  of  analysis  reported  in  this  paper  was  developed 
to  make  possible  quantitative  analyses  for  twelve  nutri¬ 
tionally  important  elements  on  single  samples  of  only  5  to 
10  grams  of  dried  plant  material.  The  procedure  developed 
is  shown  schematically  in  Figure  1.  In  place  of  several  dry 
ashings  at  different  temperatures,  and  with  additions  of  vari¬ 
ous  chemicals  (as  recommended  in  many  individual  analytical 
methods),  a  single  5-  to  10-gram  sample  of  dried  plant  ma¬ 
terial  is  digested  with  nitric  and  perchloric  acids,  and  then 
treated  with  hydrofluoric  acid  to  remove  silica.  The  residue 
is  dried  and  dissolved  in  dilute  hydrochloric  acid.  The 
resultant  solution  (solution  A)  contains  all  the  elements  to  be 
subsequently  determined. 


phosphorus,  sulfur,  iron,  zinc,  copper, 
manganese,  molybdenum,  and  cobalt. 
Data  are  presented  supporting  the  validity 
of  the  separatory  procedures  and  analytical 
methods  used,  and  their  arrangement  into 
a  scheme  of  systematic  analysis. 


Phosphorus,  iron,  manganese,  and  molybdenum  are  run 
directly  on  solution  A.  The  remainder  of  this  solution  is 
made  alkaline  and  extracted  with  dithizone  in  carbon  tetra¬ 
chloride.  The  aqueous  phase  (solution  C)  contains  the  alkali 
metals,  alkaline  earths,  and  sulfur.  The  carbon  tetrachloride 
extract  (solution  B)  contains  cobalt,  copper,  and  zinc. 
Zinc  is  separated  from  cobalt  and  copper  by  an  acid  dithizone 
extraction  of  solution  B.  Copper  and  cobalt  are  determined 
on  the  carbon  tetrachloride  phase  of  this  extraction.  Sulfur 
is  determined  gravimetrically  on  an  aliquot  of  solution  C. 
A  second  aliquot  of  solution  C  is  digested  with  acids  to  remove 
ammonia  and  citrates,  giving  solution  F.  Sodium  and 
potassium  determinations  are  made  on  two  separate  portions 
of  this  solution.  A  third  aliquot  of  solution  F  is  treated 
with  ferric  chloride  and  ammonium  hydroxide  to  remove 
aluminum,  phosphorus,  and  iron.  Calcium  is  determined  on 
the  resultant  solution,  and  magnesium  is  run  on  the  solu¬ 
tion  remaining  after  the  calcium  precipitation. 

In  the  selection  of  the  individual  procedures  used,  a  number 
of  published  methods  for  each  element  were  critically  ex¬ 
amined  under  the  conditions  of  the  proposed  systematic 
procedure.  Colorimetric  methods  were  favored  because  of 
their  sensitivity  and  speed.  The  final  selections  of  methods 
were  made  for  accuracy  in  the  range  desired,  size  of  sample 
required,  speed,  and  adaptability  to  systematic  analysis. 
This  last  requirement  is  a  particularly  difficult  and  exacting 
one,  since  each  individual  determination  must  be  so  con¬ 
stituted  or  so  placed  in  the  scheme  that  elements  to  be 
determined  subsequently  are  neither  added  nor  removed. 
Also,  reagents  added  in  the  determination  must  introduce 
no  significant  impurities  or  compounds  which  interfere 
with  subsequent  determinations.  All  the  methods  used  are 
adaptations  or  modifications  of  published  methods.  Most  of 
the  changes  were  designed  to  make  the  methods  applicable 
to  different  apparatus  or  to  concentration  ranges  other 
than  those  for  which  they  were  originally  proposed.  The 
analytical  scheme  and  methods  used  are  described  in  the 
following  section  without  comment,  a  discussion  of  the  de¬ 
velopments  and  details  of  the  scheme  is  given  later,  and  a 
separate  section  is  devoted  to  special  precautions  and  tech¬ 
niques. 

Analytical  Procedure 

The  purification  of  all  solutions,  reagents,  and  apparatus  used 
in  element  microdeterminations  and  in  all  steps  preceding  them 
requires  particular  care  (see  section  on  Special  Precautions  and 
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Table  I.  Pertinent  Data  on  Methods  Used 


Element 

Units 

Range  of 
Method® 

Tissue 

in 

Aliquot 

Volume 
of  Color 
Solutions 

Cell  Dimensions 
Minimum 
volume  Depth 

Wave  Length 
for  C9lor 
Comparisons  & 

Methods  Used 

Ca 

Mg. 

0 . 02-2 . 0 

Grams 

0.042 

Ml. 

Ml. 

Cm. 

My. 

Volumetric 

Permanganate 

Mg 

y 

1-50 

0.005 

'50 

io 

i  .7 

650 

Quinolate 

K 

Mg. 

2-8 

0.270 

100 

10 

1.7 

400 

Cobaltinitrite- 

Na 

Mg. 

0.01-0.36 

0.054 

50 

10 

1.7 

440 

dichromate 

Zinc  uranyl  acetate 

P 

Mg. 

0.001-0.06 

0.006 

10 

10 

1.7 

600 

Molybdate 

S 

Mg. 

2-100 

2.700 

Gravimetric 

Barium  chloride 

Fe 

y 

1-60 

0.060 

io 

io 

\j 

490 

o-Phenanthroline 

Zn 

y 

0.2-20 

0.162 

10 

10 

1.7 

540 

Dithizone 

Cu 

y 

1-60 

1.080 

10 

10 

1.7 

430 

Diethyldithiocarbamate 

Mn 

y 

5-200 

0.600 

11 

10 

1.7 

525 

Periodate 

Co 

y 

0.2-10 

4.320 

5 

3 

5.0 

500 

Nitroso  R  salt 

Mo 

y 

0.3-15 

1.200 

25 

25 

5 . 0 

475 

Thiocyanate 

°  As  used  in  this  schematic  procedure. 
b  Determined  by  spectral  transmission  curves. 


Techniques).  A  Coleman  Model  11  Universal  spectrophotom¬ 
eter  with  several  types  of  cuvettes  is  used  for  all  colorimetric 
measurements.  The  appropriate  wave  lengths  for  all  color 
observations  were  obtained  by  preparing  spectral  transmission 
curves.  Table  I  contains  data  on  wave  band,  cell  dimensions, 
and  range  for  all  methods  used.  The  procedure  is  described  in 
terms  of  a  single  determination  for  each  element  on  one  7.5- 
gram  sample. 

Preparation  of  “Ash”  Solution.  Weigh  a  7.50-gram  sample 
of  plant  tissue  into  a  600-ml.  Pyrex  beaker.  (Pyrex  ware  is  used 
throughout  the  procedure,  except  for  the  storage  of  dry  samples, 
and  of  concentrated  acids.)  Add  12.5  ml.  of  concentrated  nitric 
acid,  cover  with  a  watch  glass,  and  evaporate  to  near  dryness 
on  a  steam  plate.  One  repetition  of  this  digestion  is  usually 
enough.  Add  25  ml.  of  1  to  1  nitric  acid  and  25  ml.  of  60  per 
cent  perchloric  acid  and  boil  (covered  with  watch  glass)  until 
nearly  dry.  Add  about  20  ml.  of  water  and  transfer  quantita¬ 
tively  to  a  125-ml.  platinum  dish.  Add  5  ml.  of  perchloric  acid 
to  the  beaker,  boil,  and  add  to  the  solution  in  the  platinum  dish. 
Add  2  to  8  ml.  of  48  per  cent  hydrofluoric  acid,  using  a  paraffin- 
coated  dipper.  Place  the  dish  in  a  sand  bath  on  a  gas  hot  plate 
and  heat  carefully  until  fumes  are  no  longer  given  off.  Cool 
and  transfer  to  a  400-ml.  beaker,  using  small  additions  of  hot, 
0.6  N  hydrochloric  acid.  Add  more  hot  hydrochloric  acid  to  give 
about  100  ml.  and  dissolve  by  continued  heating  and  crushing 
of  solid  material  with  a  flat-ended  glass  rod.  This  operation 
is  essential  to  assure  complete  solution  of  calcium  sulfate  and 
other  salts.  If  insoluble  salts  persist,  increase  the  concentration 
of  hydrochloric  acid.  Dilute  to  a  125-ml.  volume  and  label 
solution  A. 

Determinations  on  Solution  A.  Molybdenum  is  determined 
by  an  adaptation  of  the  methods  of  Marmoy  (19)  and  Rogers 
(25). 

Pipet  a  20.0-ml.  aliquot  of  solution  A  into  a  200-ml.  separatory 
funnel.  Add  30  ml.  of  1  to  7  hydrochloric  acid,  3.0  ml.  of  aqueous 
10  per  cent  potassium  thiocyanate,  and  3.0  ml.  of  fresh  10  per 
cent  stannous  chloride  in  1  to  9  hydrochloric  acid.  Shake  after 
each  addition.  After  2  minutes  add  20  ml.  of  diethyl  ether. 
(The  ether  for  a  set  of  determinations  is  freshly  extracted  with 
about  one  tenth  its  volume  of  1  tb  1  stannous  chloride-potassium 
thiocyanate  mixture  and  washed  until  clear  with  1  to  9  hydro¬ 
chloric  acid.)  Shake  vigorously  for  30  seconds,  and  drain  the 
aqueous  layer  into  a  similar  funnel.  Shake  again  with  15  ml. 
of  extracted  ether.  Rinse  the  ether  extracts  into  a  25-ml. 
volumetric  flask  and  dilute  to  volume  with  extracted  ether. 
Sufficient  evaporation  will  have  taken  place  to  make  this  possible. 
Compare  colorimetrically  at  once  with  at  least  two  standards 
prepared  simultaneously  to  establish  the  slope  of  the  curve. 
Read  against  extracted  ether  as  a  reference  liquid. 

Manganese  is  determined  by  the  simplified  periodate  method 
described  by  Peech  (22). 

Pipet  10.0  ml.  of  solution  A  into  a  50-ml.  beaker,  and  evaporate 
to  dryness  on  a  steam  plate  to  remove  hydrochloric  acid.  Dis¬ 
solve  in  6  ml.  of  1.0  N  nitric  acid  and  transfer  to  a  test  tube 
graduated  at  11.0  ml.  Add  1  ml.  of  85  per  cent  orthophosphoric 
acid  and  dilute  to  volume.  Place  the  tube  in  a  boiling  water 
bath,  add  about  50  mg.  of  solid  sodium  periodate,  mix  with  a 
glass  rod,  and  heat  in  the  bath  for  1  hour.  Cool,  make  to  volume, 
mix,  and  compare  color  intensities  against  a  reagent  blank 
reference  liquid.  The  working  curve  is  constant,  but  may  be 
checked  by  the  inclusion  of  one  or  two  standards  with  each  set 
of  samples. 

Iron  is  determined  by  the  method  of  Saywell  and  Cunningham 
(28). 


Pipet  a  1.00-ml.  aliquot  of 
solution  A  into  a  test  tube 
graduated  at  10.0  ml.  Add 
1  ml.  of  10  per  cent  hydroxyl- 
amine  hydrochloride  solution 
and  0.5  ml.  of  o-phenanthro- 
line  (1.5  per  cent  in  95  per 
cent  ethanol).  Add  a  small 
square  of  Congo  red  indicator 
paper,  and  adjust  to  the  alka¬ 
line  end  point  with  1  to  5 
ammonium  hydroxide.  Avoid 
the  formation  of  a  precipi¬ 
tate  which  will  result  from 
the  addition  of  excess  hydrox¬ 
ide.  Make  to  volume,  mix, 
and  read  the  per  cent  trans¬ 
mittance,  using  a  reagent  blank 
as  a  reference  liquid.  The 
working  curve  remains  con¬ 
stant. 

Phosphorus  is  determined 
by  an  adaptation  of  the  method  of  Fiske  and  Subbarow  (12) 
and  McCune  and  Weech  (18). 

Pipet  a  0.100-ml.  aliquot  of  solution  A  into  a  test  tube  gradu¬ 
ated  at  10.0  ml.,  using  a  0.100-ml.  Mohr  pipet.  Add  1  ml.  of 
water  to  the  test  tube,  and  discharge  the  pipet  by  blowing,  with 
the  tip  under  water.  Add  1.0  ml.  of  2.5  per  cent  ammonium 
molybdate  in  5  A'  sulfuric  acid.  Mix  and  add  0.4  ml.  of  0.25 
per  cent  1,2,4-aminonaphtholsulfonic  acid  (prepared  by  adding 
0.125  gram  of  animonaphtholsulfonic  acid  to  49  ml.  of  filtered 
15  per  cent  sodium  bisulfite,  and  then  adding  1.25  ml.  of  20  per 
cent  sodium  sulfite,  12).  Make  to  volume  and  mix.  Prepare 
a  set  of  standards  simultaneously,  since  the  slope  of  the  standard 
curve  is  not  constant.  Allow  color  to  develop  30  minutes  before 
reading.  Use  distilled  water  as  a  reference  liquid. 

Determinations  on  the  Dithizone  Solutions.  Dithizone 
separations.  The  dithizone  (diphenylthiocarbazone)  is  purified 
and  the  separations  are  made  by  a  method  similar  to  those 
described  by  Bambach  and  Burkey  (8),  Cowling  and  Miller  (7), 
Holland  and  Ritchie  (14,  15),  and  Sandell  (26,  27). 

The  dithizone  reagent  used  has  a  concentration  of  0.5  gram 
per  liter,  which,  is  several  times  more  concentrated  than  is 
ordinarily  used.  To  prepare  this  stock  reagent,  dissolve  0.5 
gram  of  commercial  dithizone  in  about  500  ml.  of  carbon  tetra¬ 
chloride.  Filter  into  a  5-liter  separatory  funnel  containing  2  to  3 
liters  of  0.02  N  ammonium  hydroxide.  Shake  well,  extracting  the 
dithizone  into  the  aqueous  phase.  Separate  the  carbon  tetra¬ 
chloride,  and  use  to  dissolve  the  dithizone  remaining  on  the  filter 
paper.  Filter  again  into  the  same  separatory  funnel.  Repeat  this 
process  until  little  residue  remains  on  the  filter  paper.  After  the 
last  extraction,  discard  the  carbon  tetrachloride  phase.  Extract 
the  ammoniacal  solution  of  dithizone  with  fresh  50-ml,  portions  of 
carbon  tetrachloride  until  traces  of  pink  no  longer  appear  in  the 
carbon  tetrachloride  layer.  Add  about  500  ml.  of  carbon  tetra¬ 
chloride  and  acidify  with  hydrochloric  acid,  with  shaking,  until 
the  dithizone  is  extracted  from  the  aqueous  phase  into  the 
carbon  tetrachloride  phase.  (If  necessary,  add  more  acid  and 
carbon  tetrachloride  and  repeat.)  Dilute  to  1  liter  with  carbon 
tetrachloride.  Store  in  a  glass-stoppered  bottle,  in  a  cold,  dark 
place  (5).  This  reagent  should  remain  stable  for  several  weeks. 

Place  a  90.0-ml.  aliquot  of  solution  A  in  a  500-ml.  separatory 
funnel.  Dilute  with  50  ml.  of  redistilled  water.  Add  enough 
40  per  cent  ammonium  citrate  solution  (prepared  using  lead-free 
citric  acid  plus  concentrated  ammonium  hydroxide  to  pH  8.5, 
and  extracted  with  dithizone)  to  prevent  precipitation  when  the 
solution  is  subsequently  made  alkaline.  Usually  10  ml.  are  suf¬ 
ficient.  Adjust  to  pH  8.5  with  about  7  N  ammonium  hydroxide, 
using  a  few  drops  of  m-cresol  purple  (1  mg.  per  ml.  in  ethanol) 
as  an  internal  indicator.  It  may  be  necessary  to  add  15  or  20 
drops  of  indicator,  if  the  solution  turned  yellow  on  the  addition 
of  citrate.  Add  an  excess  of  concentrated  dithizone  reagent 
(usually  20  to  25  ml.)  as  indicated  by  a  strongly  orange  aqueous 
phase  after  shaking.  Drain  the  carbon  tetrachloride  phase  into 
a  similar,  dry  separatory  funnel,  rinsing  the  last  portion  through 
with  carbon  tetrachloride.  Extract  the  aqueous  phase  with 
successive  25-ml.  portions  of  carbon  tetrachloride  (maintaining 
an  excess  of  dithizone  in  the  aqueous  layer),  until  the  carbon 
tetrachloride  layer  is  clear  green,  and  combine  all  the  extracts. 
This  is  solution  B. 

Wash  the  aqueous  phase  into  a  200-ml.  volumetric  flask  with 
10  ml.  of  1  to  1  hydrochloric  acid,  dilute  to  200  ml.,  and  save 
for  subsequent  determinations  of  sulfur,  calcium,  magnesium, 
potassium,  and  sodium.  Designate  as  solution  C. 

Into  the  combined  carbon  tetrachloride  extracts  (solution  B) 
in  a  500-ml.  separatory  funnel,  pipet  50.0  ml.  of  0.02  N  hydro- 
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chloric  acid.  Shake  vigorously  for  2  minutes  (within  5  or  10 
seconds).  Separate  the  carbon  tetrachloride  phase  into  a  250- 
ml.  beaker,  and  rinse  the  funnel  with  carbon  tetrachloride. 
Drain  the  aqueous  phase  into  a  dry  container  and  save  for  the 
subsequent  determination  of  zinc  (solution  E).  [This  solution 
may  also  be  used  for  the  determinations  of  cadmium  (27)  and 
lead  (26).] 

Add  5  ml.  of  60  per  cent  perchloric  acid  to  the  carbon  tetra¬ 
chloride  phase  and  boil  over  a  low  flame  until  fumes  of  perchloric 
acid  appear.  Cover  with  a  watch  glass  and  digest  until  clear. 
Remove  the  watch  glass  and  continue  boiling  until  dry.  Cool 
and  dissolve  in  12.5  ml.  of  0.04  molar  citric  acid  (c.  p.  lead-free). 
(Most  samples  of  c.  p.  citric  acid  contain  appreciable  amounts 
of  copper  and  other  metals,  and  must  be  purified.)  Dilute  to 
25.0  ml.  and  use  for  the  determinations  of  cobalt  and  copper 
(solution  D). 


Copper  is  determined  by  a  modification  of  the  procedures  of 
Coulson  (6),  Drabkin  (10),  and  Marston  and  Dewey  (20). 

Transfer  the  remaining  cobalt  and  copper  solution  (D)  into  a 
60-ml.  separatory  funnel.  Add  2  ml.  of  40  per  cent  ammonium 
citrate  adjusted  to  pH  8.5,  10  ml.  of  0.1  per  cent  sodium  diethyl- 
dithiocarbamate,  and  10.0  ml.  of  isoamyl  acetate.  [Eden  and 
Green  (11)  reported  the  necessary  presence  of  ammonium  ions  to 
deionize  iron.  The  presence  of  ammonium  ions  also  seems  to  be 
necessary  to  prevent  rapid  fading  of  the  copper  color  complex.] 
Shake  for  5  minutes,  separate  the  acetate  layer,  and  centrifuge 
it  for  5  minutes  to  remove  water  droplets.  (All  centrifuging  is 
done  at  2000  r.  p.  m.,  using  an  International  Equipment  Com¬ 
pany  laboratory  centrifuge,  Size  1,  Type  SB.  The  head  is  13  cm. 
from  axis  to  trunnion  carrier  pivot.)  Read  against  a  reference 
liquid  of  isoamyl  acetate.  A  few  standards  should  be  included 
with  each  run  to  check  the  working  curve. 


Figure  1.  Schematic  Diagram  of  Procedure 


Cobalt  is  determined  by  a  modification  of  the  method  described 
by  Marston  and  Dewey  (20). 

Pipet  20.0  ml.  of  the  cobalt  and  copper  solution  (D)  into  a 
50-ml.  Pyrex  beaker  and  rinse  the  pipet  back  into  the  remaining 
solution.  Evaporate  to  about  5  ml.  and  add  2.5  ml.  of  buffered 
soda  solution  (6.184  grams  of  boric  acid,  35.62  grams  of  disodium 
phosphate  dihydrate,  and  500  ml.  of  1  A  sodium  hydroxide,  di¬ 
luted  to  1  liter).  The  pH  should  be  between  8.0  and  8.5  and  may 
be  checked  externally  with  phenol  red  and  m-cresol  purple. 
Add  1  ml.  of  0.2  per  cent  nitroso  R  salt  slowly  with  mixing. 
Heat  to  boiling  for  1  to  2  minutes,  add  2  ml.  of  1  to  1  nitric  acid, 
and  boil  for  another  1  to  2  minutes.  Add  0.5  to  1  ml.  of  saturated 
bromine  wrater  and  let  stand  warm  for  5  minutes.  Cover  with  a 
watch  glass,  and  boil  for  2  or  3  minutes  to  remove  the  excess 
bromine.  Cool,  transfer,  and  dilute  to  5.0  ml.  Intense  colors 
may  be  further  diluted  before  reading.  Where  the  cobalt  is  very 
low,  it  may  be  possible  to  keep  the  volume  to  4  or  even  3  ml. 
Read  color  intensity  within  a  few  hours  against  a  distilled  water 
reference.  A  few  standards  should  be  included  in  each  run  to 
check  the  working  curve. 


Zinc  is  determined  by  an  adaptation  of  the  method  of  Cowling 
and  Miller  (7). 

Pipet  a  1.5-ml.  aliquot  of  solution  E  into  a  60-ml.  separatory 
funnel.  Add  23.5  ml.  of  0.02  A  hydrochloric  acid.  Add  by  pipet, 
25.0  ml.  of  buffer  solution  [9  parts  of  (I),  a  stable  solution  con¬ 
taining  500  ml.  of  0.5  molar,  dithizone-extracted  ammonium 
citrate  plus  150  ml.  of  1  A  ammonium  hydroxide,  diluted  to  2250 
ml.;  and  1  part  of  (II),  freshly  prepared  0.25  per  cent  sodium 
diethyldithiocarbamate] .  Add  exactly  5.0  ml.  of  dithizone  re¬ 
agent  (concentrated  reagent  diluted  1  to  4  with  carbon  tetra¬ 
chloride).  Shake  for  5  minutes.  Collect  the  carbon  tetra¬ 
chloride  layer  in  a  10-ml.  beaker,  dilute  a  2.0-ml  aliquot  to  10.0 
ml.  with  carbon  tetrachloride,  and  read  per  cent  transmittance 
against  a  carbon  tetrachloride  reference.  This  zinc  procedure 
should  be  carried  out  in  a  darkened  room  and  the  colors  read 
within  an  hour.  A  standard  curve  should  be  prepared  with  each 
set  of  samples. 

Sulfur,  Alkalies,  and  Alkaline  Earths.  Sulfur  (2). 
Place  a  100.0-ml.  aliquot  of  solution  C  in  a  400-ml.  beaker.  Add 
about  100  ml.  of  water  and  a  few  drops  of  bromocresol  green, 
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neutralize  with  concentrated  ammonium  hydroxide.  Then  add 
0.5  ml.  of  concentrated  hydrochoric  acid.  Bring  to  a  boil,  add 
10  ml.  of  10  per  cent  barium  chloride  dropwise  with  constant 
stirring,  and  boil  for  another  5  minutes.  Cover  with  a  watch 
glass,  and  let  stand  for  at  least  5  hours  in  a  warm  place  (steam 
plate).  Transfer  the  precipitate  to  an  asbestos  pad  in  a  weighed 
Gooch  crucible  and  wash  with  boiling  water  until  free  of  chlorides. 
Ignite  at  600°  C.,  and  weigh  as  barium  sulfate. 

Removal  of  Ammonia ,  Iron,  Aluminum,  and  Phosphorus. 
These  steps  are  modified  from  the  work  of  Peech  (22). 

Evaporate  25.0  ml.  of  solution  C  to  dryness  on  a  steam  plate, 
in  a  150-ml.  beaker.  Digest  with  10  ml.  of  freshly  prepared  aqua 
regia  (1  part  of  concentrated  nitric  acid  and  3  parts  of  con¬ 
centrated  hydrochloric  acid)  and  heat  to  dryness.  Digest  with 
perchloric  acid  (5  ml.  are  usually  sufficient),  and  boil  to  dryness. 
Take  to  dryness  twice  more  with  5-ml.  portions  of  aqua  regia  to 
remove  any  residual  ammonia.  Take  up  and  dilute  to  a  25-ml. 
volume  with  0.1  A  nitric  acid.  This  is  solution  F. 

For  the  determinations  of  calcium  and  magnesium  transfer  a 
2.0-ml.  aliquot  of  this  solution  to  a  15-ml.  centrifuge  tube  gradu¬ 
ated  at  13.0  ml.,  and  save  the  remainder  for  the  determinations 
of  sodium  and  potassium.  Add  0.2  ml.  of  ferric  chloride  solution 
(1.22  grams  of  ferric  chloride  hexahydrate  in  250  ml.  of  1  to  250 
hydrochloric  acid),  mix,  add  8  ml.  of  buffer  solution  (25  grams  of 
sodium  acetate,  62.5  grams  of  ammonium  chloride,  and  0.5 
gram  of  sodium  hydroxide  in  1  liter  of  solution),  and  mix  again. 
Add  1  drop  of  methyl  red  indicator  solution  (0.02  per  cent)  and 
0.6  A  ammonium  hydroxide  until  the  color  of  the  solution  changes 
from  slightly  red  to  deep  yellow,  and  then  add  2  drops  in  excess. 
Dilute  to  about  13.2  ml.,  mix  with  a  stirring  rod,  and  digest  in  a 
water  bath  at  80°  C.  for  5  minutes  to  flocculate  the  precipitate. 
Mix  thoroughly,  and  centrifuge  while  hot  for  10  minutes.  The 
solution  should  have  evaporated  to  13.0  ml. 

Calcium  is  determined  by  the  method  of  Peech  (22). 

Transfer  a  10.0-ml.  aliquot  of  the  clear  supernatant  solution 
(using  inclined  mirror  to  observe  liquid  level  while  pipetting, 
22)  into  another  calibrated  centrifuge  tube.  Add  1.4  ml.  of 
0.2  A  hydrochloric  acid  and  place  in  a  water  bath  at  70°  C.  Mix 
the  contents,  add  2  ml.  of  3  per  cent  ammonium  oxalate,  mix 
thoroughly  again,  and  digest  for  30  minutes  at  70°  C.  Remove 
the  tube  from  the  bath  and  let  stand  for  30  minutes.  Centrifuge 
for  15  minutes.  The  volume  should  now  be  13.0  ml.  Decant 
the  clear  supernatant  liquid  gently  into  a  dry  test  tube  and  save 
for  the  magnesium  determination. 

Allow  the  centrifuge  tube  to  drain  for  several  minutes  on  paper 
toweling.  Add  from  a  wash  bottle,  so  as  to  break  up  the  pre¬ 
cipitate,  about  5  ml.  of  2  A  ammonium  hydroxide  saturated  with 
calcium  oxalate.  Centrifuge  for  15  minutes,  decant  carefully 
and  discard  the  solution.  Drain  the  tube  and  save  the  pre¬ 
cipitate.  One  washing  is  sufficient  unless  very  large  quantities 
of  calcium  are  present.  Add  about  5  ml.  of  10  per  cent  sulfuric 
acid,  heat  to  70°  C.  in  a  water  bath,  and  titrate  with  standard 
0.02  A  potassium  permanganate. 

Magnesium  is  determined  by  the  method  of  Peech  (22). 

Pipet  a  10.0-ml.  aliquot  from  the  solution  set  aside  for  the 
magnesium  determination  into  a  15-ml.  centrifuge  tube  graduated 
at  13.0  ml.  Place  the  tube  in  a  water  bath  at  70°  ±  2°  C.,  add 
0.8  ml.  of  a  freshly  prepared  2  per  cent  alcoholic  solution  of  8- 
hydroxyquinoline.  Mix  immediately  and  then  add  0.4  ml.  of  con¬ 
centrated  ammonium  hydroxide.  Stir  vigorously  (1  minute  or 
longer)  until  full  turbidity  develops.  Set  aside  until  all  samples 
of  the  set  are  precipitated.  Replace  the  centrifuge  tube  in  a 
water  bath  at  70°  C.  for  10  minutes  to  flocculate  the  precipitate. 
After  digestion,  cool  by  immersing  the  centrifuge  tube  in  a  bath 
at  about  25°  C.,  and  allow  to  stand  for  45  minutes  to  assure  com¬ 
plete  precipitation  of  magnesium.  Add  0.5  ml.  of  95  per  cent 
ethyl  alcohol  slowly  down  the  sides  of  the  centrifuge  tube,  rotat¬ 
ing  the  tube  at  the  same  time  to  wash  down  the  precipitate  and 
to  form  a  layer  of  alcohol  on  the  surface  of  the  solution.  Centri¬ 
fuge  for  15  minutes  and  by  using  gentle  suction  draw  off  twice  2 
to  3  ml.  of  the  clear  liquid  to  remove  the  layer  of  alcohol. 

Decant  carefully  and  discard  the  solution,  wipe  the  mouth  of 
the  tube  with  filter  paper,  add  5  ml.  of  ammoniacal  ammonium 
acetate  (8  ml.  of  concentrated  ammonium  hydroxide  in  300  ml. 
of  0.7  A  ammonium  acetate),  wash  the  solution  down  the  sides 
of  the  tube  and  break  up  the  precipitate.  Add  0.5  ml.  of  ethyl 
alcohol  to  prevent  creeping  and  centrifuge  again.  Repeat  the 
washing  once  more.  Dissolve  the  precipitate  in  4  ml.  of  0.5  A 
hydrochloric  acid,  dilute  to  13.0  ml.  with  water,  and  mix.  Place 
a  2.00-ml.  aliquot  of  this  solution  in  a  50-ml.  volumetric  flask. 
Dilute  to  about  35  ml.  with  water  and  add  5  ml.  of  20  per  cent 
sodium  carbonate  solution  and  3  ml.  of  phenol  reagent  (750  ml. 
of  water,  100  grams  of  sodium  tungstate,  20  grams  of  phospho- 
molybdic  acid,  and  50  ml.  of  85  per  cent  phosphoric  acid,  boiled 
for  2  hours,  and  diluted  to  1  liter).  Mix  the  contents  after  each 
addition.  Place  the  flask  in  boiling  water  for  1  minute,  and  cool 


for  15  minutes.  Dilute  to  volume,  mix,  and  read,  using  a  re¬ 
agent  blank  as  reference.  The  working  curve  may  be  checked 
by  including  a  few  standards  with  each  run. 

Potassium  is  determined  by  the  method  of  Wander  (32). 

Place  a  10.0-ml.  aliquot  of  solution  F  in  a  25  X  150  mm.  centri¬ 
fuge  tube,  add  5  ml.  of  20  per  cent  trisodium  cobaltinitrite 
(freshly  prepared  and  filtered),  mix,  and  keep  at  20°  C.  for  exactly 
2  hours.  Wash  down  the  walls  of  the  tube  with  0.01  A  nitric 
acid.  Centrifuge  for  10  minutes  (0.01  A  nitric  acid  is  used  in 
balancing  the  tubes  before  centrifuging),  decant,  and  allow  the 
tube  to  drain  for  several  minutes.  Wash  the  precipitate  thor¬ 
oughly  with  15  ml.  of  0.01  A  nitric  acid,  centrifuge,  and  drain  as 
before.  Add  10.0  ml.  of  standardized  0. 1  A  potassium  dichromate 
and  5  ml.  of  concentrated  sulfuric  acid.  Mix  thoroughly,  cool 
to  room  temperature,  and  make  to  100-ml.  volume.  Mix  and 
read  the  color  against  an  11-mg.  potassium  standard  as  reference, 
since  this  gives  a  completely  reduced  dichromate  solution. 
The  color  measured  is  that  of  the  unreduced  dichromate.  Several 
potassium  standards  are  carried  throughout  the  procedure. 

Sodium  is  determined  by  the  method  of  Darnell  and  Walker 
(8)  and  Broadfoot  and  Browning  (If). 

Place  a  2.00-ml.  aliquot  of  solution  F  (for  samples  with 
very  high  sodium  content,  use  1.0  or  0.5  ml.)  in  a  15-ml. 
centrifuge  tube.  Add  5  ml.  of  freshly  filtered  uranyl  zinc 
acetate  reagent.  [Prepare  by  mixing  while  warm  equal  parts 
of  (I),  a  solution  of  77  grams  of  uranyl  acetate  plus  14 
ml.  of  glacial  acetic  acid  in  400  ml.,  with  (II),  a  solution 
of  231  grams  of  zinc  acetate  plus  7  ml.  of  glacial  acetic  acid 
in  400  ml.  Let  stand  at  least  24  hours  and  filter.  ]  At  5-minute 
intervals,  add  seven  0.3-ml.  portions  of  ethyl  alcohol.  These 
additions  must  occupy  at  least  30  minutes.  After  each  of  the 
first  five  additions  of  alcohol,  mix  the  liquid  in  the  tube  thor¬ 
oughly.  The  last  two  additions  of  alcohol  serve  to  wash  down  the 
walls  of  the  tube  and  are  allowed  to  remain  layered  on  the  solu¬ 
tion.  After  the  last  addition  of  alcohol,  centrifuge  the  tube 
for  10  minutes,  decant,  invert,  and  allow  to  drain  for  5  minutes. 
Wipe  the  mouth  of  the  tube  dry  and  agitate  the  precipitate  by 
directing  on  it  a  fine  stream  of  about  2  ml.  of  ethyl  acetate-acetic 
acid  wash  liquid  (300  ml.  of  ethyl  acetate  diluted  to  1  liter  with 
glacial  acetio  acid).  Wash  down  the  walls  of  the  tube  with 
about  5  ml.  of  the  wrash  liquid,  centrifuge,  drain,  and  wipe  as 
before.  Wash  the  precipitate  and  the  walls  of  the  tube  with 
about  5  ml.  of  diethyl  ether.  Centrifuge  for  5  minutes,  decant, 
and  drain  for  not  more  than  1  minute  (prolonged  drying  will 
result  in  the  dropping  of  the  precipitate  from  the  tube).  Wash 
the  precipitate  a  second  time  with  5  ml.  of  ether,  centrifuge  5 
minutes,  decant,  and  drain  as  before.  Put  the  tube  in  a  wTarm 
place  for  5  minutes  to  evaporate  the  last  traces  of  ether. 

Dissolve  and  transfer  with  water  the  washed,  dried  precipitate 
to  a  50-ml.  volumetric  flask.  Dilute  the  solution  to  about  35  ml. 
and  to  it  add,  in  order,  2  ml.  of  5  per  cent  sulfosalicylic  acid, 
2  ml.  of  10  per  cent  sodium  acetate  trihydrate  solution,  and 
water  to  make  50  ml.  Mix  the  solution  and  read,  using  as  a 
reference  a  solution  containing  2  ml.  of  5  per  cent  sulfosalicylic 
acid  and  2  ml.  of  10  per  cent  sodium  acetate  diluted  to  50  ml. 
with  wrater.  The  wrorking  curve  should  be  checked  by  including 
three  or  four  sodium  standards  with  each  set  of  determinations. 


Special  Precautions  and  Techniques 

It  is  not  possible  to  overemphasize  the  care  which  must 
be  exercised  in  the  purification  of  all  apparatus,  solutions, 
and  reagents  used  in  all  the  steps  preceding  the  element 
microdeterminations,  and  in  the  determinations  themselves. 
Pyrex  glassware  is  used  exclusively,  and  redistilled  water  is 
used  throughout  the  procedure  for  all  solutions  and  for  rinsing 


Table  II.  Recovery  Determinations  on  Turnip  Greens 


Element 

Units 

Present 

Added 

Total 

Present 

Total 

Found 

% 

Difference 

Ca 

Mg./g. 

40.0 

10.0 

50.0 

51.2 

+  2.4 

Mg 

Mg./g. 

2.54 

2.00 

4.54 

4.62 

+  1.8 

K 

Mg./g. 

24.6 

10.0 

34.6 

33.3 

—  3.7 

Na 

Mg./g. 

5.27 

2.00 

7.27 

7.39 

+  1.6 

Pe 

Mg./g. 

4 . 65 

2.00 

6 . 65 

6.71 

+  0.9 

S 

Mg./g. 

12.1 

2.0 

14.1 

13.7 

-  2.8 

F 

y/g. 

147 

40.0 

187 

193 

4-  3.2 

Zn 

y/g. 

42.0 

11.1 

53.1 

51.5 

-  2.9 

Cu 

y/g. 

7.2 

2.7 

9.9 

10.2 

+  3.0 

Mn 

y/g. 

35.4 

16.7 

52.1 

54.9 

+  5.4 

Co 

y/g. 

0.07 

0.08 

0.15 

0.18 

+  16.6 

Mo 

y/g- 

4.94 

5.00 

9.94 

9.80 

—  1.4 
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all  glassware.  This  water  is  prepared  by  use  of  a  continuously 
operating  all-glass  still  similar  to  those  described  by  Piper 
and  Oertel  (28).  This  water  is  stored  in  and  dispensed  from 
an  all-glass  suction-operated  siphon  apparatus,  in  which  the 
siphon  dispenser  and  the  vacuum  line  both  end  in  a  plastic- 
coated  two-hole  stopper.  The  vacuum  system  is  closed  by 
placing  the  receiving  flask  against  this  stopper.  In  this 
manner  the  redistilled  water  may  be  stored  and  dispensed 
without  contact  with  rubber  or  cork. 

All  ammonium  hydroxide,  hydrochloric  acid,  and  nitric 
acid  (except  concentrated  acids),  and  all  organic  solvents  not 
purified  by  extraction  (such  as  ether  in  the  molybdenum 
determination)  are  purified  by  distillation  from  glass.  All 
carbon  tetrachloride  should  be  distilled  over  calcium  oxide 
to  remove  acidifying  substances.  All  solutions  used  in  heavy 
metal  determinations  come  in  contact  only  with  glassware 
which  has  been  rigorously  cleaned  with  aqua  regia  or  hot 
nitric  acid.  All  ground-glass  joints  require  particular  care 
to  accomplish  this  cleaning.  Glass  stopcocks  usually  re¬ 
quire  a  further  extraction  with  dithizone.  It  is  also  im¬ 
perative  that  none  of  the  solutions  or  apparatus  come  in 
contact  with  rubber  at  any  point  during  the  procedure. 
Rubber  contacts  are  eliminated  from  all  wash  bottles,  and 
only  glass-stoppered  volumetric  flasks,  separatory  funnels, 
and  reagent  bottles  are  used. 

A  digestion  and  reagent  blank  must  be  carried  throughout 
the  entire  scheme  with  each  set  of  samples.  Not  only  does 
the  trace  metal  content  of  different  lots  of  chemicals  vary 
markedly,  but  the  content  of  impurities  of  the  reagent  solu¬ 
tions  may  also  change  with  storage  in  glass  apparatus. 
Extractions  are  facilitated  by  the  use  of  two-shelf  separatory 
funnel  racks,  in  which  the  upper  shelf  is  adjustable  in  height 
and  may  be  removed  for  separate  use.  The  funnels  can  be 
clamped  into  the  racks  for  shaking,  with  sponge-rubber 
padded  cross-bars.  A  standard  reciprocal  shaking  machine 
has  been  modified  to  hold  two  shelves  of  these  racks  of  sepa¬ 
ratory  funnels  in  a  horizontal  position.  Thus,  the  dithizone, 
zinc,  and  copper  extractions,  which  are  normally  rather 
time-consuming,  can  be  carried  out  24  at  a  time  with  uniform 
and  complete  extraction. 

The  centrifuge  tube  techniques  and  water  bath  designed 
by  Peech  (22)  for  microanalytical  procedures  are  used 
to  excellent  advantage.  The  conical  15  X  125  mm.  centrifuge 
tubes  are  graduated  at  13.0  ml.  by  circling  with  a  diamond 
point.  Similarly  graduated  test  tubes  are  extensively 
used  in  place  of  (and  are  more  adaptable  than)  small  volu¬ 
metric  flasks.  The  two  sizes  most  commonly  used  are  15  X 
125  mm.,  graduated  at  10.0  and  11.0  ml.,  and  commercially 
available  10  X  115  mm.  tubes,  graduated  at  each  milliliter 
from  1  to  8. 

Results 

The  characteristics  and  applicability  of  the  proposed 
scheme  of  analysis  are  shown  by  the  data  in  the  following 
tables.  The  recoveries  of  elements  added  to  plant  tissue 
are  given  in  Table  II.  Thirteen  portions  of  a  well-mixed  sam¬ 
ple  of  turnip  greens  were  used  in  this  comparison.  An  incre¬ 
ment  of  but  one  of  the  twelve  elements  to  be  determined  was 
added  to  each  of  twelve  samples,  while  the  last  sample  had  no 
additions.  All  samples  were  then  run  completely  through  the 
schematic  procedure  described.  The  values  reported  are 
the  average  of  duplicate  analyses.  The  agreement  between 
the  “Total  Present”  and  “Total  Found”  for  the  different 
elements  can  be  considered  as  very'  satisfactory  for  most 
types  of  plant  tissue  analysis.  The  difference  between  these 
two  values  for  any  determination  was  less  than  6  per  cent, 
except  for  cobalt.  The  large  percentage  difference  for  cobalt 
is  but  a  small  actual  difference  and  represents  approximately 
the  reliability  (0.02  microgram  per  gram)  of  the  method 


used.  These  recovery  determinations  not  only  indicate  the 
precision  of  the  individual  methods,  but  in  addition  measure 
losses  or  contaminations  in  the  sample  digestion  and  in  all 
separations  and  manipulations,  as  well  as  in  the  actual 
determinations  of  the  element. 

The  proposed  system  of  analysis  was  further  checked  by 
comparison  with  referee  samples.  The  data  in  Table  III 
were  obtained  by  analysis  of  six  referee  samples  of  different 
types  of  plant  material,  all  carefully  prepared  and  analyzed 
in  other  laboratories.  These  analyses  were  obtained  by 
ashing  techniques  and  chemical  methods  different  from  those 
used  in  this  study.  These  samples  were  likewise  carried 
through  all  operations  of  the  analytical  scheme,  and  the 
average  of  duplicate  determinations  was  reported.  The 
analyses  are  in  satisfactory  agreement  with  the  results  of 
other  investigators,  since  for  all  elements  but  cobalt  the  dif¬ 
ferences  are  less  than  8.5  per  cent. 


Table  III.  Determinations  on  Referee  Samples 

Analyses  and 
Types  of 
Methods  of 


Element 

Units 

Authors’ 

Analyses 

Other 

Laboratories 

% 

Difference 

Type  of 
Material 

Ca 

Mg./g. 

2.97 

2 . 99  (22) 

0.7 

Cauliflower 

Mg 

Mg./ g. 

3.47 

3.36  (24) 

3.2 

Alfalfa 

K 

Mg./g. 

15.00 

13.86  (24) 

7.6 

Alfalfa 

Na 

Mg./g. 

3.76 

3.67  (8) 

2.5 

Sugar  beet  top 

P 

Mg./g. 

2.03 

2.09  (31) 

3.0 

Alfalfa 

S 

Mg./g. 

4.18 

3 . 85  (2) 

7.8 

Tomato  leaflet 

Fe 

7/g- 

81.2 

78.4  (2) 

3.5 

Turnip  top 

Zn 

7/  g. 

25.8 

23.8  (7) 

8.4 

Alfalfa 

Cu 

7/g- 

11.4 

11.8  (6) 

3.4 

Aifaifa 

Mn 

7/g- 

32.0 

34.7  (24) 

8.4 

Alfalfa 

Co 

7/g- 

0.07 

0.08  (16) 

12.5 

Turnip  top 

Mo 

7/g- 

No  sample 

available 

Discussion 

The  analytical  methods  incorporated  into  the  proposed 
scheme  of  analysis  have  been  drawn  mainly  from  published 
literature  pertaining  to  soil  and  plant  tissue  analysis.  Some 
modifications  were  necessary  to  make  the  methods  applicable 
to  smaller  quantities  of  material  than  originally  proposed. 
Other  changes  were  made  to  adapt  the  methods  to  rapid 
schematic  analysis.  At  the  same  time  it  was  possible  to 
eliminate  some  of  the  preliminary  operations  necessary  for 
the  removal  of  interfering  substances.  Some  of  the  colori¬ 
metric  methods  were  originally  developed  for  filter  colorim¬ 
eters  or  visual  comparison.  In  some  cases  the  sensitivity 
of  these  methods  has  been  improved  by  the  use  of  a  spectro¬ 
photometer,  greater  cell  depth,  and  smaller  final  volumes. 

The  use  of  dry-ashing  techniques  in  the  determination  of 
such  a  list  of  elements  would  necessitate  at  least  two  samples, 
since  the  magnesium  or  calcium  salt  which  must  be  added  to 
prevent  losses  of  sulfur  and  phosphorus  would  interfere  with 
subsequent  analyses  for  these  elements,  and  for  the  trace 
metals.  This  type  of  replicate  ashing  consumes  extra  time, 
apparatus,  and  sample.  The  wet-digestion  procedure  used 
(modified  from  Gieseking,  Snider,  and  Getz,  13)  has  proved 
to  be  both  rapid  and  smooth  in  operation.  The  resultant 
solution  from  such  a  single  digestion  contains,  without  losses, 
the  twelve  elements  under  consideration.  The  use  of  nitric 
acid  in  this  digestion  precludes  the  determination  of  nitrogen. 
The  removal  of  silica  has  generally  been  accepted  as  neces¬ 
sary  (9,  21),  and  is  accomplished  by  volatilization  with 
hydrofluoric  acid.  If  desired,  a  measure  of  crude  silica  may 
be  obtained  by  measuring  the  loss  in  sample  weight  due  to 
the  hydrofluoric  acid  treatment.  Since  boron  is  also  volatil¬ 
ized  as  the  fluoride,  boron  as  well  as  nitrogen  must  be  deter¬ 
mined  on  a  separate  sample  when  such  an  analysis  is  desired. 
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The  use  of  perchloric  instead  of  sulfuric  acid  in  the  removal  of 
residual  fluorides  forms  more  readily  soluble  salts,  and  makes 
possible  the  subsequent  determination  of  sulfur. 

An  ether  extraction  of  molybdenum  and  iron  is  not  used 
on  the  entire  “ash”  solution,  since  the  partial  extraction  of 
phosphorus  which  occurs  (17)  would  make  its  subsequent 
analysis  impossible.  The  ether-stannous  chloride-potassium 
thiocyanate  extraction  used  for  molybdenum  is  not  made 
on  the  solution  in  which  other  elements  are  to  be  determined, 
because  of  the  presence  of  relatively  large  amounts  of  trace 
metal  impurities  in  the  stannous  chloride.  Attempts  to  de¬ 
termine  molybdenum  on  solution  C  have  not  been  completely 
successful.  The  results  shown  in  the  following  table  tend 
to  indicate  that  this  method  can  be  made  to  work  satisfactorily : 


, - Molybdenum  Content - » 

Solution  C,  HNO3  and  HCIO4 
Solution  A.  by  treatment,  determined  by 

Sample  No. 

standard  method 

H2SOi  method 

y  !q- 

y/g. 

164 

4.4 

4.5 

165 

4.4 

4.2 

184 

0.9 

1.3 

The  molybdenum  thiocyanate  color  complex  is  subject 
to  fading  due  to  air  oxidation.  This  effect  may  be  minimized 
by  the  use  of  glass-stoppered  volumetric  flasks,  and  by  com¬ 
parison  within  a  few  minutes  after  extraction.  Faded  colors 
may  be  fairly  accurately  restored  by  shaking  with  stannous 
chloride-potassium  thiocyanate  solution. 

Unsuccessful  attempts  were  made  to  determine  manganese 
on  the  aqueous  phase  of  the  molybdenum  extraction.  It  was 
not  possible  to  effect  the  oxidation  of  tin  salts  and  removal 
of  chlorides  (to  prevent  reduction  of  sodium  periodate  added 
in  the  manganese  determination)  without  occlusion  of  part 
of  the  manganese  in  the  precipitate  formed.  Attempts  to 
determine  manganese  on  solution  C  were  more  promising,  but 
not  conclusive.  It  is  felt  that  it  may  subsequently  be  found 
possible  to  determine  manganese  on  solution  C. 

Although  iron  and  phosphorus  may  be  determined  on  the 
aqueous  phase  of  the  alkaline  dithizone  extraction,  the  very 
small  amount  of  sample  required  for  these  determinations 
makes  it  unnecessary  to  introduce  other  manipulations. 

The  interference  of  iron  in  the  remaining  heavy  metal 
determinations  is  eliminated  by  the  dithizone  separation, 
in  which  ferric  iron  remains  quantitatively  in  the  aqueous 
phase.  Iron  removal  by  precipitation  reactions  is  ac¬ 
companied  by  heavy  metal  occlusion  and  is,  therefore, 
avoided. 

Although  other  reducing  agents  are  often  used  in  the 
molybdate  method  for  phosphorus  ( 1 ,  81)  the  one  selected 
(aminonaphtholsulfonic  acid)  is  rapid  and  is  stable  in  solution 
for  2  weeks. 

Many  extensive  discussions  of  dithizone  techniques  and 
principles  are  to  be  found  in  the  literature  (8,  7,  14,  15,  26, 
27).  Both  carbon  tetrachloride  and  chloroform  are  used 
as  solvents  for  dithizone  complexes.  The  partition  char¬ 
acteristics  with  respect  to  cobalt  (20)  and  other  elements 
make  carbon  tetrachloride  the  more  satisfactory  solvent. 
Neutral,  metal-free  carbon  tetrachloride  is  obtained  by  dis¬ 
tillation  over  calcium  oxide.  The  number  and  total  volume 
of  dithizone-carbon  tetrachloride  extractions  are  kept  at  a 
minimum  by  the  use  of  a  more  concentrated  dithizone  re¬ 
agent  than  is  usually  advocated.  The  ammonium  citrate 
buffer  used  in  the  alkaline  dithizone  extraction  is  best  pre¬ 
pared  from  commercial  lead-free  citric  acid  and  concentrated 
ammonium  hydroxide  and  is  further  purified  by  dithizone 
extraction.  The  completeness  of  extraction  with  dithizone 
may  be  tested  by  transferring  a  small  quantity  of  the  green 
carbon  tetrachloride  phase  to  a  separatory  funnel  containing 


0.02  N  ammonium  hydroxide,  and  shaking.  The  excess 
dithizone  will  be  extracted  into  the  aqueous  phase,  and  any 
traces  of  pink  metal-dithizone  complexes  will  be  visible  in 
the  carbon  tetrachloride  layer.  The  appearance  of  a  yellow 
color  in  this  layer  is  indicative  of  decomposition  products 
of  the  dithizone  reagent.  These  decomposition  products 
do  not  interfere  in  the  group  separations,  but  will  prevent 
accurate  colorimetric  measurements,  if  this  reagent  is  used 
later  in  the  actual  colorimetric  determinations. 

When  the  perchloric  acid  oxidation  of  the  carbon  tetra¬ 
chloride  phase  of  the  acid  dithizone  extraction  is  carried  out 
as  indicated,  undesirable  tarry  residues  are  avoided. 

The  amounts  of  cobalt  present  in  plant  tissues  are  so 
small  that  the  determination  of  this  element  limits  the  extent 
to  which  sample  size  for  the  entire  procedure  can  be  reduced. 
If  cobalt  were  not  determined,  analyses  for  the  remainder 
of  the  elements  could  be  made  on  a  much  smaller  sample  of 
plant  material.  The  Marston  and  Dewey  (20)  modification 
of  the  nitroso  R  salt  cobalt  method  (16)  is  the  most  sensitive 
of  the  published  cobalt  methods.  The  sensitivity  of  this 
method  is  further  increased  by  reduction  of  final  volume 
and  by  increased  cell  depth.  Studies  on  the  development  of 
an  even  more  sensitive  cobalt  method  are  being  carried  out 
at  this  laboratory. 

When  copper  is  determined  using  sodium  diethyldithio- 
carbamate  without  a  preliminary  dithizone  extraction,  sodium 
pyrophosphate  is  added  to  prevent  interference  by  iron  and 
manganese.  The  dithizone  separation  in  the  present  proce¬ 
dure  makes  this  step  unnecessary,  although  ammonium  citrate 
is  added  to  prevent  interference  by  any  iron  added  as  an  im¬ 
purity  subsequent  to  the  dithizone  extraction. 

The  zinc  dithizonate  is  only  moderately  stable.  The 
determination  should  be  carried  out  in  a  darkened  room, 
and  the  colors  read  within  an  hour.  The  single  extraction 
does  not  give  complete  separation  of  the  dithizone  complex. 
This  necessitates  careful  control  in  reagent  concentration 
and  volume,  and  in  time  of  shaking  to  maintain  a  constant 
partition  ratio  (7).  The  final  dilution  of  the  complex  with 
carbon  tetrachloride  is  necessary  because  of  the  intensity  of 
the  colors.  The  carbon  tetrachloride  used  for  dilution  must 
be  neutral  (as  described  under  Special  Precautions  and 
Techniques)  or  the  color  complex  will  be  destroyed. 

The  determination  of  lead  and  cadmium  on  the  zinc 
solution  (E)  is  possible,  if  desired.  Lead  is  a  general  con¬ 
taminant  and  is  present  in  reagents  in  quantities  exceeding 
those  found  in  plant  tissue,  necessitating  even  more  rigorous 
techniques  than  herein  described. 

An  attempt  was  made  to  develop  a  titration  micropro¬ 
cedure  with  barium  chloride  for  the  determination  of  sulfur 
in  plant  tissues,  using  tetrahydroxyquinone  as  an  internal 
indicator.  Although  this  indicator  has  been  used  successfully 
in  soil  and  water  analysis,  interfering  substances  were  present 
at  every  point  in  the  procedure  where  the  method  was  tried. 
In  using  the  standard  gravimetric  barium  chloride  method 
for  sulfur,  it  has  been  found  that  the  citrate  remaining  in 
solution  C  does  not  interfere  and  that  the -traces  of  sulfur 
added  by  the  dithizone  are  not  detectable. 

It  was  reported  by  Smith  (29)  that  losses  of  sulfur  occur 
during  wet  digestions  using  perchloric  acid.  A  later  pub¬ 
lication  (30)  showed  that  the  losses  resulted  from  too  vigorous 
pretreatment  with  nitric  acid  and  can  be  avoided.  The  wet- 
digestion  procedure  used  has  been  checked  by  comparison 
(in  addition  to  the  recoveries  reported  in  Table  II)  with  the 
A.  0.  A.  C.  standard 'method  (2),  using  magnesium  nitrate 
dry-ashing.  The  results  of  this  comparison,  shown  in  Table 
IV,  indicate  that  losses  of  sulfur  have  not  occurred. 

In  the  acid  digestions  in  the  preparation  of  solution  F,  an 
aqua  regia  treatment  should  precede  the  perchloric  acid 
digestion  to  prevent  the  formation  of  ammonium  salts  that 


August  15,  1943 


ANALYTICAL  EDITION 


533 


Table  IV.  Sulfur 


Sample  Preparation 


Perchloric  acid  wet 
digestion 

Mg(N03>2  dry  ash, 
550°  C. 

Referee  analyst: 
MgfNOsh  dry  ash, 
550°  C. 


in  Tomato  Leaflets 


Sulfur 

Average 

Value 

Mg./ g. 

Mg./g. 

4.16 

4.21 

4.18 

4.04 

3.96 

4.00 

4.00 

3.80 

3.85 

3.76 

3.85 

are  difficult  to  decompose.  Further  aqua  regia  treatments 
are  necessary  to  remove  traces  of  residual  ammonia,  which 
interfere  in  the  potassium  determination.  Tests  with 
Nessler’s  reagent  show  complete  removal  of  ammonia  at 
this  point. 

In  the  ammonium  precipitation  of  iron  (aliquot  from  solu¬ 
tion  F)  for  the  calcium  determination,  the  bromine  oxidation 
of  manganese  necessary  in  soil  analysis  (22)  has  been  omitted, 
although  the  quinolate  method  determines  both  magnesium 
and  manganese.  The  traces  of  manganese  present  in  plant 
tissue  do  not  ordinarily  introduce  a  detectable  error  in  the 
magnesium  determination.  In  cases  where  manganese  is 
exceptionally  high,  the  magnesium  values  should  be  corrected. 

The  centrifuge  tube  methods  of  microtitration  for  calcium 
and  quinolate  precipitation  of  magnesium  are  used  as  proposed 
for  the  determination  of  exchangeable  bases  in  soils  {22)  and 
have  been  found  to  be  directly  applicable. 

Wander’s  recent  modification  (82)  of  the  cobaltinitrite 
precipitation  method  for  potassium  has  been  found  to  be 
both  rapid  and  sufficiently  accurate.  Blank  values  should 
not  be  subtracted,  since  the  dichromate  reduction  is  not 
directly  proportional  to  the  potassium  content  below  the  lower 
limit  specified  (Table  I).  The  upper  limit  may  be  extended, 
when  a  sample  of  very  high  potassium  content  is  encoun¬ 
tered,  by  doubling  the  amount  of  dichromate,  sulfuric  acid, 
and  final  volume. 

The  schematic. procedure  is  described  (section  on  Analytical 
Procedure)  in  terms  of  a  single  determination  for  each  element 
on  the  one  7.5-gram  sample  of  plant  tissue.  As  the  scheme 
of  analysis  is  used  in  this  laboratory,  duplicate  determinations 
are  made  of  each  element.  This  duplication  is  accomplished 
either  by  dividing  the  solution  from  a  15-gram  sample  after 
the  hydrofluoric  acid  digestion,  or  if  platinum  supply  is 
not  limiting,  by  beginning  with  duplicate  7.5-gram  plant 
samples.  When  a  15-gram  sample  is  digested,  the  specified 
sizes  of  apparatus  are  adequate.  The  concentration  of 
solution  A  is  kept  unchanged  by  diluting  to  250  ml.  with 
0.6  N  acid.  All  subsequent  aliquots  and  volumes  are  then  as 
indicated.  Each  run  usually  consists  of  24  samples  in  dupli¬ 
cate,  or  a  total  of  576  individual  determinations  in  addition 
to  standards  for  the  determinations. 

This  system  of  analysis  has  been  used  successfully  with 
turnip  greens,  oat  straw,  oat  grain,  alfalfa,  ladino  clover, 


tomato  leaflets,  cauliflower,  and  sugar  beet  leaves.  Although 
these  materials  represent  a  fairly  wide  range  of  plant  com¬ 
position,  further  testing  will  be  required  to  reveal  the  full 
extent  of  the  applicability  of  the  proposed  system  of  analysis. 

There  are  obvious  advantages  in  the  application  of  the 
proposed  analytical  scheme  to  both  field  and  greenhouse 
investigations  involving  plant  tissue  analysis.  The  tech¬ 
niques  described  make  possible  an  extensive  mineral  analysis, 
using  samples  of  limited  size.  Another  advantage  of  this 
type  of  analytical  procedure  is  its  flexibility.  The  nature  of 
the  operations  used  makes  relatively  simple  the  addition 
of  still  other  elements  at  appropriate  points  or  the  deletion 
of  any  determinations  not  required.  Even  where  different 
elements  are  required,  and  other  interfering  substances 
occur,  the  development  of  appropriate  separations  and 
determinations  should  be  possible. 
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Identification  of  Organic  Bases  by  Means 
of  the  Optical  Properties  of  Diliturates 

(Nitrobarbiturates) 

Aliphatic  Amines 

ELMER  M.  PLEIN  AND  BARTLETT  T.  DEWEY 
University  of  Washington,  Seattle,  Wash.,  and  University  of  Colorado,  Boulder,  Colo. 


DILITURIC  acid  (5-nitrobarbituric  acid)  has  been  sug¬ 
gested  as  a  satisfactory  reagent  for  the  separation  of 
potassium  and  sodium  (7,  9)  and  for  the  isolation  and  deter¬ 
mination  of  many  organic  and  inorganic  bases  {15).  Fred¬ 
holm  ( 9 )  determined  the  ratios  of  solubilities  of  alkali  and 
alkaline  earth  diliturates  and  presented  photomicrographs  of 
several  of  them.  Chamot  and  Mason  ( 6 )  also  gave  photo¬ 
micrographs  of  diliturates  of  inorganic  bases  and  reported  the 
use  of  the  acid  in  identifying  the  bases  by  the  appearance  of 
the  crystals  developed.  Larsen  (IS)  determined  the  optical 
properties  of  diliturates  of  amino  acids  as  a  means  of  their 
identification. 

Dilituric  acid  can  be  prepared  by  the  direct  nitration  of 
barbituric  acid  (1 ,  9-12 ,  17)  and  by  other  methods  (1~4,  16). 
The  acid  is  easily  purified  ( 9 ,  11). 

This  investigation  was  undertaken  to  determine  whether 
it  was  possible  to  use  the  optical  constants  of  diliturates  to 
identify  the  organic  bases.  Melting-point  determinations  of 
the  diliturates  are  of  no  value  because  the  compounds  de¬ 
compose  upon  heating. 

Preparation  of  the  Diliturates 

Equivalent  quantities  of  dilituric  acid  (from  Eastman  Kodak 
Company)  and  the  amine  were  dissolved  in  a  minimum  of  boiling 
water  and  the  solution  was  allowed  to  cool  (15).  The  salts  pos¬ 
sess  high-temperature  coefficients  of  solubility  which  allow 
purification  by  recrystallization.  Fach  diliturate  was  recrystal¬ 
lized  one  or  more  times. 

Analysis  of  the  Diliturates 

Dilituric  acid  and  the  diliturates  were 
dried  to  constant  weight  in  a  vacuum  oven  at 
80°  and  analyzed  for  nitrogen  by  the  Kjel- 
dahl  method  modified  to  include  nitro  com¬ 
pounds.  The  deviation  of  the  percentages 
found  from  those  calculated  did  not  exceed 
0.20  except  for  the  following  salts:  2-amino- 
butane,  calculated  22.76,  found  22.52;  pro- 
pylenediamine,  calculated  26.98,  found  26.67; 
a-methylhydroxylami'ne,  calculated  25.45, 
found  25.78;  hydroxylamine,  calculated  27.18, 
found  26.84;  2,4-diaminobutane,  calculated 
25.80,  found  25.40.  The  results  for  these 
five  were  obtained  with  the  addition  of 
glucose  as  a  reducing  agent  (8).  The  salts  of 
ethanolamine  and  hydrazine  were  analyzed 
by  the  semimicro-Dumas  method  (14)-  The 
results  for  ethanolamine  checked  closely  with 
the  theoretical;  hydrazine  diliturate,  calculated 
34.14,  found  34.50. 

Determination  of  Optical  Properties 

The  optical  crystallographic  data  pre¬ 
sented  in  Table  I  were  determined  by 
methods  described  by  Chamot  and 


Mason  (5)  and  by  Winchell  (18).  The  highest  index  of 
refraction  in  the  authors’  set  of  liquids  was  1.785;  hence  no 
value  above  this  figure  is  reported. 

The  highest  index  of  refraction  for  isobutylamine  diliturate 
could  not  be  determined  because  of  the  difficulty  experienced 
in  orienting  the  crystals  properly.  Hydroxylamine  diliturate 
possesses  very  weak  dispersion;  hence  this  property  was  not 
obtained.  Ammonium  diliturate  does  not  show  a  true  value 
for  any  principal  index  in  the  usual  orientations,  but  the  values 
can  be  determined  from  crushed  crystals.  The  diliturates  of 
n-butylamine,  ethanolamine,  ethylamine,  ethylenediamine, 
methylamine,  a-methylhydroxylamine,  and  isopropylamine 
show  but  one  index,  /?,  in  the  usual  orientation.  All  the  other 
compounds  present  two  true  indices  in  the  most  frequent 
orientations.  All  extinction  angles  were  measured  in  the 
acute  angle,  /?. 

In  Table  II  are  recorded  some  optical  and  crystallographic 
values  which  were  observed  on  the  most  frequently  occurring 
orientations  of  the  crystals.  Most  of  the  diliturates  of  the 
primary  aliphatic  amines  are  so  flattened  that  the  crystals 
tend  to  assume  a  common  orientation  when  suspended  in  an 
immersion  liquid.  The  optical  orientation  designated  as 
acute,  obtuse,  or  optic  normal  indicates  that  a  centered  inter¬ 
ference  figure  is  found  in  the  usual  position  of  the  crystals. 
The  descriptive  term  “inclined”  indicates  that  the  inter¬ 
ference  figure  is  not  centered.  In  these  inclined  obtuse 
orientations  one  of  the  optic  axes  usually  presents  itself,  but 
the  view  of  the  crystal  is  essentially  on  the  obtuse  bisectrix 
side.  Thick  crystals  of  ammonium  diliturate  present  no 
definite  orientation,  hence  “variable”  optical  orientation  for 


Table  I.  Optical  Properties  of  Some  Diliturates  of  Primary  Amines 

and  of  Dilituric  Acid 


Extinction 

Optic 

Refractive  Indices 

Elonga¬ 

Disper¬ 

Diliturate 

Angle 

Sign 

Alpha 

Beta 

Gamma 

tion 

sion 

Dilituric  acid 

31 

_ 

1  388 

1.684 

>  1.785 

— 

V  >  p 

2-Aminobutane 

Parallel 

— 

1.452 

1.650 

1.662 

4- 

p  >  V 

2-Amino-7?-octane 

30 

— 

1.469 

1.635 

1.647 

p  >  V 

Ammonium 

44 

— 

1  427 

1.772 

>  1.785 

=f= 

V  >  p 

Isoamylamine 

6 

— 

1.456 

1.644 

1.672 

V  >  p 

n-Amylamine 

Parallel 

+ 

1.596 

1.614 

1.679 

+ 

V  >  p 

Benzylamine 

Parallel 

— 

1.448 

1.766 

>1.785 

V  >  p 

Isobutylamine 

41 

— 

1.470 

1.706 

— 

None 

n-Butylamine 

43 

— 

1.476 

1.704 

1 ' 783 

4- 

V  >  p 

Cyclohexylamine 

29 

— 

1.483 

1.648 

1.697 

=±= 

V  >  , 

2,4-Diaminobutane 

39 

— 

1 . 455 

1.761 

>  1.785 

— 

V  >  p 

Diethylenetriamine 

26 

— 

1.446 

1.731 

1.736 

rfc 

V  >  p 

Ethanolamine 

39 

— 

1 . 458 

1.744 

1.777 

— 

V  >  p 

Ethylamine 

43 

— 

1.459 

1.734 

>  1 . 785 

— 

V  >  p 

Ethylenediamine 

44 

— 

1 . 454 

>1.785 

>1.785 

— 

V  >  p 

r?-Heptylamine 

Parallel 

+ 

1.592 

1.616 

1.660 

— 

V  >  p 

Hydrazine 

26 

— 

1 . 458 

1.748 

1.783 

— 

V  >  p 

Hydroxylamine 

25 

— 

1.487 

1.748 

1.763 

— 

Methylamine 

31 

— 

1.426 

1.696 

>  1 . 785 

— 

V  >  p 

a-Methylhydroxylami 

ne  38 

— 

1.416 

1.702 

>1.785 

=fc 

V  >  p 

Isopropylamine 

43 

— 

1.447 

1.701 

1.782 

=b 

V  >  p 

n-Propylamine 

Parallel 

+ 

1.606 

1.619 

1.701 

— 

V  >  p 

Propylencdiamine 

28 

— 

1.452 

>1.785 

>1.785 

V  >  p 
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Table  II.  Apparent  Properties  of  Primary  Aliphatic  Amine  Diliturates  from 
Most  Frequently  Observed  Orientation 

Optical 


Orienta¬ 

Extinction 

Diliturate 

System 

Habit 

tion 

Angle 

Refractive  Indices 

Dilituric  acid 

Monoclinic 

Tabular 

Obtuse 

Parallel 

1.388 

1.684 

2-Aminobutane 

Orthorhombic 

Acicular 

Optic 

Parallel 

1.452 

1.662 

normal 

2-Amino-n-octane 

Monoclinic 

Foliated 

Obtuse 

6 

1.469 

1.635 

Ammonium 

Monoclinic 

( Equant 

Variable 

Variable 

Variable 

Variable 

(  Tabular 

Inclined 

0-15 

Variable 

>  1.785 

obtuse 

Isoamylamine 

Monoclinic 

Acicular 

Acute 

6 

1.644 

1.672 

n-Amylamine 

Orthorhombic 

Foliated 

Optic 

normal 

Parallel 

1.596 

1.679 

Benzylamine 

Orthorhombic 

Tabular 

Optic 

normal 

Parallel 

1.448 

>1.785 

Isobutylamine 

Monoclinic 

Foliated 

Obtuse 

14 

1.470 

1.706 

n-Butylamine 

Monoclinic 

Tabular 

Inclined 

obtuse 

Parallel 

Variable 

1.704 

Cyclohexylamine 

Monoclinic 

Acicular 

Obtuse 

Parallel 

1.483 

1.648 

2,4-Diaminobutane 

Monoclinic 

1  Tabular 

Optic 

20 

1.455 

>  1.785 

1  Fibrous 

normal 

20-30 

Diethylenetriamine 

Monoclinic 

Lamellar 

Optic 

normal 

Parallel 

1.446 

1.731 

Ethanolamine 

Monoclinic 

Lath-shaped 

Inclined 

obtuse 

Inclined 

obtuse 

39 

Variable 

1.744 

Ethylamine 

Monoclinic 

Lath-shaped 

Parallel 

Variable 

1.734 

Ethylenediamine 

Monoclinic 

Tabular 

Inclined 

44 

Variable 

>  1.785 

obtuse 

n-Heptylamine 

Orthorhombic 

Lamellar 

Optic 

normal 

Parallel 

1.592 

1.660 

Hydrazine 

Monoclinic 

Columnar 

Obtuse 

24 

1.458 

1.748 

Hydroxylamine 

Monoclinic 

Tabular 

Optic 

normal 

25 

1.487 

1.763 

Methylamine 

Monoclinic 

Lamellar 

Inclined 

Parallel 

Variable 

1.696 

obtuse 

a-Methylhydroxyl- 

Monoclinic 

{  Tabular 

Inclined 

38 

Variable 

1.702 

amine 

{  Lamellar 

obtuse 
Optic  axis 

1.702 

Isopropylamine 

Monoclinic 

Tabular 

Inclined 

_  43 

Variable 

1.701 

obtuse 

n-Propylamine 

Orthorhombic 

Lamellar 

Optic 

Parallel 

1.606 

1.701 

normal 

Propylenediamine 

Monoclinic 

Lamellar 

Obtuse 

21 

1.452 

>1.785 

those  which  possess 
equant  habit.  Tabular 
crystals  of  the  am¬ 
monium  compound  show 
an  inclined  obtuse 
bisectrix  figure.  Ap¬ 
parent  refractive  indices 
of  some  of  the  com¬ 
pounds  could  not  be 
satisfactorily  determined 
within  narrow  limits  and 
.are  therefore  reported 
as  variable.  These 
variable  indices  of  all 
compounds  besides 
equant  ammonium  are 
greater  than  the  true 
index  a,  but  less  than 
the  true  index  /3.  Crys¬ 
tal  habit  is  described  ac¬ 
cording  to  Winched  (18) . 

In  Figures  1  and  2 
are  diagrams  of  the 
crystals  as  they  appear 
in  the  most  frequently 
occurring  orientations. 
Observed  refractive  in¬ 
dices  (in  the  direction 
of  the  dotted  lines)  and 
observed  crystal  angles 
are  recorded  on  most  of 


1.388 


+-  —  1.684 


90c 

DILITURIC  ACID 
1<644  1.644 


-1.672 


1.672 


N/ 

ISO AMYL AMINE 


120 


1.662 


1.452 


2-AMINOBUTANE 

1.679 


1.596 


n- AMYL AMINE 
1.648 


\p 


1.483 


90L 


CYCLOHEXYL AMINE 


2- AMINO-n- OCTANE 
1.448 


90 


i 

i 

— +~ 
i 
i 
i 


>1.785 


BENZYL AMINE 
1.455 


121c 


JV 


1.470 


1.706 


ISO BUTYL AMINE 
1.731 


1.455  H5°r 


>1.785 


1_. 


1.446 


2,4-DIAMINOBUTANE 


DIETHYLENETRI AMINE 


Figure  1.  Diagrams  of  Crystals  of  Amine  Diliturates 
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Figure  2.  Diagrams  of  Crystals  of  Amine  Diliturates 


the  diagrams.  The  angle  for  a-methylhydroxylamine  dihturate 
varies  considerably;  a  value  as  high  as  131°  is  frequently 
noted  on  lamellar  crystals,  whereas  109°  is  a  good  average 
for  tabular  crystals.  Crystal  angles  for  diliturates  of  pro- 
pylenediamine  and  isopropylamine  also  vary  a  few  degrees 
either  way  from  those  values  recorded  for  each.  Diliturates 
of  2-aminobutane,  isobutylamine,  and  isoamylamine  present 
irregularly  shaped  or  broken  ends.  Occasionally  the  latter 
compound  shows  angles  of  approximately  138°.  Cyclo- 
hexylamine  diliturate  possesses  irregularly  shaped  ends,  but 
90°  steps  are  usually  noted. 

Hydroxylamine  diliturate  crystals  are  characteristically 
boat-shaped.  Sometimes  ammonium  diliturate  crystals  are 
boat-shaped,  but  can  easily  be  distinguished  from  hydroxyl¬ 
amine  diliturate  by  means  of  the  various  constants  given. 

Diethylenetriamine  diliturate  shows  a  definite  cross-patch¬ 
ing  pattern  or  cleavage  lines,  especially  in  the  thicker  crystals. 
Hydrazine  diliturate  shows  decided  cleavage.  The  diliturate 
of  2-amino-tt-octane  exhibits  slight  cleavage.  This  compound 
occurs  as  masses  of  crystals  which  must  be  crushed  to  isolate 
individuals. 

Binary  mixtures  of  amines  (methyl  and  ethyl,  methyl  and 
n-propyl,  methyl  and  n-amyl,  isobutyl  and  n-butyl,  ethyl  and 
n-propyl,  n-propyl  and  n-butyl)  in  equal  proportions  were 
used  in  preparing  diliturates.  The  resulting  compounds  of 
the  first  four  mixtures  were  composed  of  two  types  of  crystals, 
each  possessing  the  same  optical  properties  as  those  exhibited 
when  prepared  from  the  pure  individual  amine;  whereas  the 
last  two  mixtures  presented  many  crystals  with  properties 
other  than  those  determined  from  the  pure  amines. 


These  compounds  have  been  successfully  used  as  unknowns 
for  students  in  an  elementary  chemical  microscopy  course. 

Summary 

The  optical  crystallographic  data  for  22  primary  aliphatic 
amine  diliturates  and  for  dilituric  acid  have  been  determined. 
The  optical  properties  provide  a  means  of  identifying  pure 
amines  and  some  mixtures  of  amines. 
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APPARATUS 

EQUIPMENT 


Multiple-Extraction  Rack  for  Chemical 
Analysis  of  Rubber  Products 

Utilizing  extraction  condensers,  as  specified  in  A.  S.  T.  M. 
Designation  D297-41T  for  the  chemical  analysis  of  rubber 
products,  the  multiple  unit  electrically  heated  extraction  racks 
developed  by  the  Precision  Scientific  Co.,  Chicago,  are  especially 
applicable  to  routine  extractions  incident  to  the  production  of 
synthetic  rubber. 

Faced  with  the  difficult  problem  of  installing  192  extraction 
units  in  one  laboratory  where  space  was  none  too  plentiful,  the 
technicians  of  an  important  producer  of  synthetic  rubber  found 
no  practical  solution  until  the  design,  exemplified  by  the  accom¬ 
panying  photographs,  was  submitted. 

The  multiple  assembly,  consisting  of  48  extraction  units,  is 
composed  of  two  sets  of  24  units  each,  arranged  back-to-back; 
each  set  is  composed  of  two  banks  of  12  units  each,  one  deck 
above  the  other.  The  48-unit  assembly  is  only  48  inches  long, 


24  inches  wide,  and  39  inches  high  over-all.  If  placed  on  a  table 
36  inches  high,  all  emits  are  at  a  comfortable  height  to  facilitate 
handling  and  observation. 

Water  supply  and  discharge  manifolds  serve  the  extraction 
condensers,  the  water  supply  to  each  condenser  being  controlled 
by  a  needle  valve.  Condensers  conform  to  A.  S.  T.  M.  Method 
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D297-41T.  They  can  be  used  with  250-  or  400-ml.  flasks,  and 
are  spaced  on  3.375-inch  centers. 

To  permit  elevation  of  each  condenser  for  placement  or  removal 
of  the  flask,  the  condenser  overflow  pipe  telescopes  into  a  vertical 
pipe  communicating  with  the  water  discharge  manifold,  while  the 
connection  between  condenser  inlet  and  water  supply  valve  is 
flexible  synthetic  rubber  tubing. 

Electrically  heated  hot  plate  tops  are  heat-treated  heavy  cast 
iron,  with  strip  units  fastened  to  the  underside,  and  the  remaining 
space  within  the  hot  plate  housing  is  packed  with  thermal  insulat¬ 
ing  material  to  promote  heat  efficiency.  Each  hot  plate  includes 
a  3-heat  switch. 

Multisource  Unit 

A  new  electrical  source  unit  for  spectrographic  analysis  has 
been  announced  by  the  Harry  W.  Dietert  Co.,  Detroit,  Mich., 
and  its  associate,  the  Applied  Research  Laboratories,  Glendale, 
Calif.  The  unit  is  said  to  combine  the  functions  of  the  conven¬ 
tional  direct  current  arc,  alternating  current  arc,  and  high- 
voltage  condensed  spark  units,  and  to  go  beyond  them  in  pro¬ 
viding  precisely  controlled  excitation  suitable  for  all  types  of 
analysis. 


knobs  at  the  front  of  the  condenser  section  allow  the  selection  of 
capacitance  values  from  1  to  60  microfarads  in  steps  of  1  micro¬ 
farad.  Ten  knobs  allow  selection  of  resistance  values  from  1  to 
400  ohms  in  steps  of  1  ohm,  while  five  knobs  on  the  inductance 
section  allow  values  from  25  to  400  microhenrys  to  be  utilized. 
This  switching  is  done  behind  the  panels  by  means  of  heavy  well- 
insulated  knife  switches  to  assure  certainty  of  contact  and  free¬ 
dom  from  trouble. 

The  main  panel  is  supplied  with  an  oscillograph,  so  that  the 
current,  duration,  and  wave  form  of  an  average  individual  dis¬ 
charge  can  be  studied.  This  is  useful  as  a  means  of  predicting 
the  properties  of  a  particular  discharge  and  for  adjusting  the 
phase  of  the  charging  cycle  with  respect  to  that  of  the  discharge. 
An  ammeter  is  furnished  to  check  the  power  consumption  of  the 
unit,  and  a  voltmeter  to  check  the  consistence  of  the  voltage 
across  the  condensers  before  discharge.  Another  voltmeter  indi¬ 
cates  the  difference  between  the  input  voltage  and  regulated 
voltage,  so  that  the  instrument  can  be  adjusted  to  take  into  ac¬ 
count  extremes  of  line  voltage  variations,  preventing  decrease  in 
accuracy  on  this  account.  A  phase  control  knob,  coupled  di¬ 
rectly  to  the  synchronous  gap,  provides  the  necessary  adjustment 
of  the  ignition  point  of  the  discharge.  An  adjustable  0-  to  2- 
minute  synchronous  timer  allows  the  total  time  of  operation  to  be 
precisely  controlled. 

Hardness  Tester 

Clark  Instrument,  Inc.,  Dearborn,  Mich.,  announces  an  im¬ 
proved  hardness  tester  for  Rockwell  testing  in  three  models, 
US8,  US12,  and  US16.  The  instrument  is  said  to  embody  a 
number  of  features  contributing  to  accuracy  of  measurement  and 
speed  of  operation.  Among  these  are  a  frictionless  spindle 
which  provides  a  correct  minor  load  at  all  times,  zero  drag  trip 
which  eliminates  friction  or  drag  on  the  loading  beam  and  ensures 
consistent  accuracy  of  the  major  load,  a  dial  indicator  adjustment 
affording  a  convenient,  simple  means  of  maintaining  accuracy  of 
readings,  and  a  minor  load  adjustment. 

Other  features  are  fully  enclosed  elevating  screw  with  self- 
lubricating  oil  reservoir,  and  an  adjustable  steady  rest.  The 
instrument  is  supplied  complete  with  diamond  cone  penetrator 
and  steel  ball  penetrators  for  Rockwell  testing  on  C,  B,  and  most 
other  standard  Rockwell  scales. 


With  this  unit  the  three  factors  of  an  electrical  circuit — re¬ 
sistance,  inductance,  and  capacitance — may  be  set  and  precisely 
controlled  to  selected  values  over  wide  ranges.  By  .virtue  of 
the  wide  variation  in  excitation  conditions  obtainable,  either  very 
arclike  or  sparklike  spectra,  with  all  variations  in  between,  may 
be  had.  The  fine  adjustment  and  control  of  the  discharge  af¬ 
forded  by  the  adjustable  resistance,  inductance,  and  capacitance 
mean  that  the  Multisource  excitation  combines  the  sensitivity  of 
the  arc  with  the  accuracy  of  the  spark. 

The  unit  consists  of  a  main  control  panel  mounted  at  the  front, 
and  a  selector  panel  mounted  at  the  side  and  equipped  with  pull 
knobs  which  allow  selection  of  the  conditions  of  discharge.  Seven 
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Meter  for  Checking 
Distilled  Water 

A  new  instrument  which  provides  a  practical  and  quick  way 
to  check  the  purity  of  distilled  water  has  been  introduced  by  the 
Barnstead  Still  and  Sterilizer  Co.,  Boston,  Mass.  Called  the 
Barnstead  purity  meter,  this  instrument  is  easy  to  use. 

To  make  a  purity  check  of  distilled  water,  the  temperature  of 
the  water  is  taken  first.  Next,  a  dial  on  the  purity  meter  is  set 
to  the  corresponding  temperature.  Then,  with  the  conductivity 
cell  immersed  in  the  distilled  water,  a  dial  is  moved  until  the  elec¬ 
tric  radio  eye  indicates  the  correct  setting.  At  this  point,  the 
dial  indicates  the  impurity  content  of  the  distilled  water  in  terms 
of  parts  per  million  as  sodium  chloride.  The  whole  procedure 
takes  but  a  few  seconds  and  gives  a  quick  check-test  against  a 
predetermined  standard. 

The  meter  is  a  compact  conductivity  bridge,  6.75  X  5  X  2.625 
inches,  and  it  weighs  only  3.25  pounds.  It  requires  no  batteries, 
but  connects  directly  to  110- volt  60-cycle  outlet.  Measurement 
scale  reads  from  0  to  15  p.  p.  m.  as  sodium  chloride.  Tempera¬ 
ture  correction  scale  64°  to  190°  F. 


•  •  • 


New  Laboratory  Furnaces 

A  line  of  laboratory  furnaces,  new  in  appearance  and  con¬ 
struction,  has  been  developed  by  the  Lindberg  Engineering  Co., 
2444  West  Hubbard  St.,  Chicago  12,  Ill.  The  line  includes 
the  box  furnace  for  drying  precipitates,  ash  determinations, 
fusions,  ignitions,  etc.;  the  combustion  tube  for  carbon  deter¬ 
mination,  standard  combustion,  and  organic  analyses;  the 
crucible  furnace  for  melting  base  metals,  thermocouple  calibra¬ 
tions,  molten  salt  baths,  etc.;  and  hot  plates  for  heating,  dis¬ 
tilling,  boiling,  evaporating,  etc. 


•  •  •  • 


The  new  furnaces  are  patterned,  in  many  respects,  after  the 
company’s  production  furnaces.  They  incorporate  such  fea¬ 
tures  as  the  convenient  door  operating  mechanism  on  the  box 
furnace,  which  permits  cooler  working  conditions;  low-voltage, 
high-temperature  type  heating  elements;  the  use  of  a  Lindberg 
input  control  for  smooth,  stepless  apportioning  of  heat;  and  the 
streamlined  shape  which  matches  other  modern  laboratory 
equipment  and  contributes  to  the  high  standard  of  laboratory 
cleanliness.  The  furnaces  are  available  in  different  sizes  for 
operation  on  110-  or  220-volt  alternating  direct  current. 
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Manual  of  Laboratory  Glass-Blowing.  R.  H.  Wright.  90  pages. 

Chemical  Publishing  Co.,  Brooklyn,  N.  Y.  Price,  $2.50. 

This  manual  of  glass  blowing  is  excellently  presented,  with 
photographic  illustrations,  and  is  worthy  of  study  and  use  by 
those  interested  in  this  subject. 

The  following  suggestions  are  offered: 

The  Torch  (page  18,  paragraph  2).  The  torch  should  be  so 
mounted  that  it  can  be  readily  pulled  out  away  from  the  bench. 
It  is  highly  desirable  that  the  glass  blower  sit  or  stand  sideways 
to  the  bench,  which  should  be  at  his  right.  This  allows  greater 
freedom  of  movement  and  should  be  “an  absolute  must”,  espe¬ 
cially  in  the  fabrication  of  apparatus  to  be  used  in  research  labora¬ 
tories.  Where  natural  gas  must  be  used  a  very  serious  problem 
is  presented,  in  that  this  gas  blows  out  very  easily,  even  when 
oxygen  is  used.  This  trouble  can  be  eliminated  by  tapping  a 
hole  in  the  gas  feed  of  the  torch  and  screwing  in  a  short  section  of 
copper  tubing  0.25  inch  in  diameter,  to  the  other  end  of  which  has 
been  attached  a  tiny  Bunsen  burner.  This  is  then  bent  into 
place  just  under  the  jet  of  the  torch.  A  tiny  flame  is  sufficient 
to  keep  the  torch  from  blowing  out,  regardless  of  how  fast  a  flow 
of  oxygen  is  used.  A  valve  is  necessary  in  the  Bunsen  burner  to 
control  the  size  of  the  flame. 

The  Blowing  Tube  (page  20,  paragraph  1).  The  blowing 
tube  is  a  very  useful  and  necessary  gadget,  in  its  place.  It  is 
necessary  to  use  it  when  the  apparatus  being  worked  on  is  too 
long,  cumbersome,  or  stationary  for  the  glass  blower  to  bring  it 
to  his  mouth  to  blow.  All  other  types  should  be  handled  without 
it.  Beginners  especially  should  avoid  its  use  on  smaller  articles, 
because  a  blow  tube  here  hampers  rather  than  helps  the  proper 
manipulation  of  the  work. 

Cutting  Files  (page  20,  paragraph  2).  A  good  file  for  cutting 
Pyrex  is  the  8-inch  mill  file,  second  cut.  This  file  has  four  cutting 
edges,  which  can  be  ground  and  sharpened  on  an  emery  wheel  over 
and  over  again. 

Joining  Tubes  of  Equal  Size  (page  23,  Chapter  IV).  When 
the  ends  of  two  pieces  to  be  joined  have  been  properly  heated  and 
pressed  together  (page  24,  paragraph  2)  they  should  be  immedi¬ 
ately  pulled  apart  somewhat,  so  that  the  glass  squashed  together 
will  not  be  too  thick.  This  is  very  helpful,  whether  the  job  is 
finished  by  spotting  it  together — that  is,  heating  one  spot  at  a 
time — or  whether  it  is  rotated  in  the  flame  and  heated  all  around 
the  tube  and  then  blown  in  and  out  several  times.  In  this  opera¬ 
tion  the  beginner  should  avoid  use  of  the  blow  tube.  It  is  better 
to  learn  without  it.  Wherever  the  blow  tube  must  be  used,  it 
should  be  attached  to  the  tube  or  part  held  in  the  left  hand.  The 
heaviest,  longest,  or  bulkiest  part  of  any  apparatus  being  worked 
on  in  the  torch  should  be  held  in  the  left  hand.  The  left  hand 
should  be  held  above  the  work.  Figure  1,  Plate  2,  is  a  good  ex¬ 
ample.  Here  the  right  hand  is  wrong.  The  right  hand  should  be 
under  the  work  and  the  tube  held  and  rotated  round  and  round  or 
back  and  forth,  between  the  thumb  and  first  two  or  three  fingers 
in  unison  with  the  left  hand.  It  takes  practice  to  master  this 
procedure,  but  better  results  make  the  effort  worth  while. 

(Page  32,  paragraph  1,  last  sentence.)  In  this  operation  the 
glass  should  never  be  “cut”  with  a  file  or  knife.  These  tools 
leave  a  “white”  mark  on  the  edge  of  the  glass  which  is  still  there 
after  the  two  tubes  have  been  joined  together.  It  is  especially 
important  to  eliminate  these  marks  in  vacuum  apparatus,  where 
they  can  easily  cause  trouble.  For  instance,  if  a  leak  is  suspected 
somewhere  in  the  apparatus  and  an  effort  is  made  to  find  it  with  a 
high-frequency  coil  (see  page  75),  another  leak  might  be  caused 
by  the  attraction  that  this  white  mark  has  for  the  spark  from  the 
coil.  To  avoid  this  the  end  of  the  tube — in  fact,  all  pieces  of  glass 
that  are  to  be  joined  or  sealed  together — should  be  blown  open 
in  the  fire,  never  cut  with  file  or  knife. 

Flaring  the  End  of  a  Tube  (page  55,  bottom).  In  this 
operation  a  reamer  made  of  brass  is  best  to  use.  The  thickness  is 
not  important;  Vi6  inch  is  good.  In  shape  it  is  like  half  an 
elongated  diamond,  roughly  3  or  4  inches  long,  and  about  1.5 
or  2  inches  at  its  wide  part.  From  the  middle  of  its  wide  part  an 
end  projects  for  2  inches  or  so,  to  which  is  attached  a  wooden 


handle  to  insulate  against  heat.  To  prevent  the  hot  glass  from 
sticking  to  the  reamer,  it  should  be  moved  across  a  piece  of  bees¬ 
wax  while  warm. 

It  is  not  overly  clear  how  the  mathematics  involved  in  the 
latter  part  of  the  book  are  helpful  in  glass  blowing. 

Frank  L.  Hates 

Chemical  Analyses  of  the  Waters  of 
Oklahoma 

“Chemical  Analyses  of  the  Waters  of  Oklahoma”  is  the  title  of 
a  474-page  book  written  by  O.  M.  Smith,  and  published  as  Bulle¬ 
tin  52  of  the  Engineering  Experiment  Station,  Oklahoma  Agri¬ 
cultural  and  Mechanical  College,  Stillwater,  Okla.  Considerably 
more  than  half  of  the  volume  consists  of  tables  of  analyses  of  city 
supplies,  wells,  lakes,  ponds,  and  streams. 

This  is  a  compilation  that  represents  the  joint  effort  of  workers 
at  the  Oklahoma  Agricultural  and  Mechanical  College,  the 
Oklahoma  State  Health  Department,  and  the  Oklahoma 
Geological  Survey,  over  several  years.  Robert  H.  Dott,  director 
of  the  Oklahoma  Geological  Survey,  and  E.  C.  Warkentin, 
assistant  state  sanitary  engineer  of  the  Oklahoma  State  Health 
Department,  are  contributors. 


Priorities  on  Laboratory  Materials 

Priority  assistance  for  materials  required  by  scientific  and 
technological  laboratories  and  deliveries  of  laboratory  equipment 
are  affected  by  two  amended  orders  (P-43  and  L-144)  issued 
June  26  by  the  War  Production  Board. 

Preference  Rating  Order  P-43  as  amended  assigns  preference 
ratings  and  an  allotment  symbol  to  assist  laboratories  in  obtain¬ 
ing  materials  and  equipment  needed  to  carry  on  scientific  or 
technological  activities. 

All  laboratories  receive  a  preference  rating  and  allotment  sym¬ 
bol  under  the  amended  order;  laboratories  carrying  on  work  of 
great  importance  to  the  war  effort  are  entitled  to  obtain  a  serial 
number  and  may  use  a  higher  preference  rating  than  other  lab¬ 
oratories.  All  laboratories  owned  or  operated  by  the  Army  or 
Navy  receive  high  preference  ratings. 

L-144  as  amended  restricts  the  delivery  of  any  one  item  or 
quantity  of  the  same  item  of  laboratory  equipment  having  a  value 
of  $50  or  more,  or  delivery  on  a  purchase  order  of  laboratory  equip¬ 
ment  worth  $200  or  more,  even  though  no  item  or  quantity  of  the 
same  item  on  the  order  has  a  value  of  $50  or  more,  unless  au¬ 
thorized  by  the  War  Production  Board  on  Form  WPB-1414 
(formerly  PD-620). 

The  order  defines  “laboratory  equipment”  to  mean  any  ap¬ 
paratus,  instrument,  or  the  like,  designed  primarily  for  use  in 
laboratories. 

Purchase  orders  of  the  Army  and  Navy,  and  laboratories  which 
have  obtained  serial  numbers  under  Preference  Rating  Order 
P-43  as  amended,  are  exempted  from  this  restriction,  except  on 
purchase  orders  for  certain  highly  critical  equipment  named  on 
List  A  attached  to  the  order. 

Interpretation  1  to  L-144,  issued  July  17,  states  that  the  same 
regulations  governing  delivery  to  domestic  sources  apply  to  de¬ 
liveries  for  shipment  to  foreign  firms  or  individuals. 
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The  Mass  Spectrometer  as  an  Analytical  Tool 

H.  W.  WASHBURN,  H.  F.  WILEY,  and  S.  M.  ROCK 
Consolidated  Engineering  Corporation,  Pasadena,  Calif. 


Discussing  the  mass  spectrometer  as  an 
analytical  tool,  the  paper  describes  the 
method  of  analysis,  presents  results  ob¬ 
tained  with  this  method,  and  gives  infor¬ 
mation  regarding  the  commercial  instru¬ 
ment  that  is  now  in  use. 

THE  demands  upon  the  petroleum  and  chemical  in¬ 
dustries  for  large  quantities  of  aviation  gasoline,  syn¬ 
thetic  rubber,  and  other  war  materials  have  resulted  in  em¬ 
ploying  many  new  processes  on  a  large  scale.  These  new 
processes  in  general  are  more  complex  than  those  formerly 
employed  in  industry.  To  develop  such  new  processes  and 
to  put  them  into  operation  necessitates  a  large  amount  of 
preliminary  and  coordinated  analytical  work. 

These  technological  advances  have  therefore  required  a 
parallel  advance  in  the  art  of  analysis  both  as  an  aid  to  the 
development  of  new  processes  and  for  the  analytical  control 
of  the  plants  after  they  have  been  put  into  operation. 

One  of  the  new  methods  of  analysis  which  are  now  being 
employed  is  the  mass  spectrometer  method.  It  is  the  purpose 
of  this  paper  to  discuss  the  mass  spectrometer  as  an  analyti¬ 
cal  tool :  the  method  of  analysis  with  the  mass  spectrometer, 
a  few  results  obtained  with  this  method,  and  the  commercial 
instrument  now  in  use. 


charged  fragments.  This  feature  enables  substances  of  the 
same  molecular  weight,  but  of  different  molecular  structure, 
to  be  distinguished  from  each  other  ( 2 ) . 

The  ionization  chamber  and  associated  electron  source  or  fila¬ 
ment  are  shown  schematically  in  Figure  1  at  a.  The  ions  are 
pulled  out  of  chamber  a  by  means  of  the  electric  field  existing  be¬ 
tween  electrodes  d,  e,  and  /.  Ions  enter  the  analyzer  tube  with  a 
high  velocity  and  are  sorted  out  according  to  their  mass  by  the 
action  of  a  magnetic  field.  The  magnetic  field  causes  heavy  ions 
to  follow  a  circular  path  which  is  of  greater  radius  than  the  path 
followed  by  lighter  ions.  The  radius  of  the  path  for  an  ion  of 
given  mass  can  be  made  smaller  or  larger  by  varying  the  electric 
field  produced  between  electrodes  d,  e,  and  /.  Therefore,  by 
gradually  varying  the  electric  field,  ions  of  each  mass  can  be 
caused  to  fall  successively  on  the  collector,  c,  where  their  quantity 
is  measured  by  amplifying  and  recording  equipment.  The  re¬ 
sulting  record  shows  the  relative  numbers  of  ions  of  each  mass 
which  appear  at  c. 

Mass  Spectra 

Figure  2  shows  the  automatically  recorded  mass  spectra 
of  n-butane  and  of  a  paraffin-olefin  mixture,  C2  through  C4. 
It  takes  about  10  minutes  to  make  a  single  record.  When 
operating  in  a  routine  manner  a  sample  can  be  run  every  20 
minutes. 

In  order  to  make  the  records  more  easily  understood  it  is  neces¬ 
sary  to  explain  that  there  are  four  traces,  all  recorded  simultane¬ 
ously  and  having  different  degrees  of  sensitivity.  The  top  trace 
has  unit  sensitivity,  the  second  has  a  sensitivity  of  one  third,  the 
third  a  sensitivity  of  one  tenth,  and  the  fourth  or  bottom  trace  a 


Principle  of  Operation  of  Mass 
Spectrometer 

In  general,  a  mass  spectrometer  is  a  de¬ 
vice  for  sorting  molecules.  Figure  1  is  a 
diagrammatic  sketch  of  the  Dempster  or 
180°  type  of  mass  spectrometer.  The  gas 
mixture  to  be  analyzed  enters  through  the 
gas  inlet  to  chamber  a. 

Before  the  molecules  are  sorted,  they  are 
given  an  electric  charge,  so  that  they  can  be 
forced  to  move  by  the  combined  action  of 
electric  and  magnetic  fields.  The  produc¬ 
tion  of  an  electric  charge  on  a  molecule,  or 
ionization,  is  accomplished  by  bombarding 
the  molecules  with  a  stream  of  electrons  in  an 
ionization  chamber.  In  practice  the  energy 
in  the  bombarding  electrons  is  usually  made 
sufficiently  high  to  break  the  molecules  into 
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Table  I.  Analysis  of  Depropanizer  Overhead 

z, 

M ,  Sum  of  M  —  2, 


Mass 

15 

Mixture 

Peaks  n-Butane 

167.3  1.0 

Iso¬ 

butane 

1.6 

Propane 

30.4 

Ethane  Methane 

23.0  110.3 

Component  Resid- 
Spectra  uals 

166.3  +1.0 

16 

1 134 . 4 

0.0 

0.0 

0.9 

Ol  132.7 

134.4 

0.0 

26 

146.1 

1.6 

0.9 

37.6 

106.4 

146.5 

-0.4 

27 

361.6 

10.8 

12.1 

183.0 

158.0 

363.9 

-2.3 

28 

777.8 

9.3 

1.2 

275.3 

494.4 

780.2 

-2.4 

29 

593.1 

12.5 

2.6 

467.8 

105.6 

588.5 

+  4.6 

30 

1130.0 

0.3 

0.0 

10. 0| 

119.7 

130 

0.0 

31 

2.4 

2.5 

2.5 

-0.1 

38 

24.0 

0.5 

1.2 

21.9 

23.6 

+  0.4 

39 

98.0 

4.3 

8.7 

84.6 

97.6 

+  0.4 

40 

14.7 

0.6 

1.3 

13.0 

14.9 

-0.2 

41 

94.1 

9.0 

18.9 

65.8 

93.7 

+  0.4 

42 

49.9 

3.9 

15.6 

30.2 

49.7 

+  0.2 

43 

207.4 

32.2 

49.8 

124.5 

206.5 

+0.9 

44 

1145.3 

1.0 

1-6| 

142.7 

145.3 

0.0 

45 

4.6 

0.0 

4.6 

4.6 

0.0 

50 

0.6 

0.3 

0.3 

0.6 

0.0 

51 

0.5 

0.3 

0.3 

0.6 

-0.1 

52 

0.1 

0.1 

0.1 

0.2 

-0.1 

53 

0.6 

0.3 

0.3 

0.6 

0.0 

54 

0.1 

0.1 

0.0 

0.1 

0.0 

55 

0.7 

0.3 

0.2 

0.5 

+  0.2 

56 

0.5 

0.3 

0.2 

0.5 

0.0 

57 

2.5 

0.9 

1.6 

2.5 

0.0 

58 

5.0 

3.8 

1.2 

5.0 

0.0 

59 

0.2 

0.2 

0.0 

0.2 

0.0 

Computation  of  %  of  n-  and  isobutane 

Mole  % 

From  peak  57 

0.503  pn  +  0. 654p<  =  2.5 

(1) 

From  peak  58 

2 . 10 pn 

+  0.498p;  =  5.0 

(2) 

n-Butane 

where  pn  =  %  n-butane 

■=  1.8 

Isobutane 

and  pi  —  %  isobutane 

*=  2.4 

Propane 

(145.3 

-  1.0  - 

1.60)  0.269 

=  38.4 

(3) 

Ethane 

(130.0 

-  0.3  - 

0  -  10.0)  0.3175 

-  38.0 

(4) 

Methane 

(134.4 

-  0  - 

-  0.9  - 

0.8)  0.146 

-  19.4 

(5) 

Underlined  coefficients  are  obtained  from  calibrations. 


all  peaks  recorded  are  not  generally  needec 
for  an  analysis.  The  peaks  which  are  not  usee 
for  calculating  the  mixture  are  used  as  a  checl 
on  the  accuracy  of  the  analysis.  They  an 
employed  to  indicate  calculation  errors,  instru¬ 
mental  errors,  or  failure  to  take  account  of  i 
gas  in  a  mixture.  This  final  check  on  ar 
analysis  has  been  found  to  be  very  valuable. 

In  order  to  complete  the  analysis  of  a  mix¬ 
ture  from  its  composite  spectrum,  it  is  neces¬ 
sary  to  know  the  mass  spectra  of  all  its 
components.  These  spectra  are  obtained  bj 
running  pure  gases  through  the  instrument  anc 
are  called  calibrations.  The  record  of  the  n 
butane  in  Figure  2  is  an  example. 

An  explanation  of  the  general  methods  o 
analysis  would  involve  more  discussion  thai 
space  permits.  However,  the  extremely  simpk 
examples  shown  in  Table  I  will  serve  to  elarift 
some  of  the  previous  remarks. 

In  the  first  column  are  listed  the  masses  o 
molecular  weights  at  which  peaks  occur  on  the  mas 
spectrum  of  the  unknown  mixture.  In  the  seconc 
column  are  recorded  the  peak  heights  read  fron 
the  automatic  record  of  the  mixture. 

The  analysis  of  the  mixture  may  be  obtained  ii 
the  following  manner:  The  only  components  con 
tributing  to  peaks  at  mass  57  and  58  are  n-  anc 
isobutane.  The  percentages  of  n-  and  isobutam 
are  computed  from  simultaneous  Equations 
and  2  shown  at  the  bottom  of  the  table.  In  thes- 
equations  the  underlined  numbers  are  taken  fron 
calibration  records  obtained  by  running  pure  n 
and  isobutane.  From  the  determination  of  th 
percentages  of  n-  and  isobutane  and  from  thei 


sensitivity  of  one  thirtieth.  This  device  enables  the  height  of 
any  peak  to  be  recorded  within  better  than  1  per  cent  accuracy 
over  a  range  in  magnitude  of  250  to  1. 

The  abscissas,  or  horizontal  scale  values,  on  the  mass  spectra  at 
which  peaks  occur,  represent  molecular  weights  corresponding  to 
the  different  charged  fragments  obtained  when  n-butane  or  a  C2 
to  C4  gas  mixture  is  bombarded  with  an  electron  stream.  The 
ordinate  or  vertical  scale  at  each  of  these  masses  is  a  measure  of 
abundance  of  the  particular  fragment  which  is  formed. 

For  any  given  gas  the  particular  fragments  formed  depend 
for  the  most  part  upon  the  number  and  type  of  atoms  in  the 
molecule.  The  relative  abundance  of  the  different  frag¬ 
ments,  or  pattern  of  the  mass  spectrum,  depends  upon  the 
structure  of  the  molecule. 

The  mass  spectrum,  therefore,  depends  on  the  structure  of 
the  molecule,  as  well  as  upon  the  type  of  atoms  of  which  the 
molecule  is  composed — for  example,  if  this  mass  spectrum 
were  for  isobutane  it  would  have  peaks  at  the  same  masses 
but  their  relative  heights  would  be  different.  It  is  this 
dependence  of  the  mass  spectrum  upon  the  structure  of  the 
molecule  that  enables  the  isomers  of  a  compound  to  be 
separately  determined. 

Principles  of  Analysis 

If  now  the  mass  spectrum  of  an  unknown  mixture  is  ob¬ 
tained,  employing  a  suitable  technique,  it  will  be  a  com¬ 
posite  mass  spectrum  and  can  be  considered  as  being  a  sum¬ 
mation  or  superposition  of  the  mass  spectra  of  all  the  com¬ 
ponents  of  the  mixture.  The  mass  spectrum  of  the  C2 
through  C4  mixture  shown  is  such  a  composite  spectrum. 
The  analysis  of  the  mixture  consists  of  the  unraveling  of  the 
mixture  spectrum.  Through  methods  developed  in  the 
Consolidated  Engineering  Corporation  laboratory,  this  un¬ 
raveling  has  been  made  much  simpler  than  was  originally 
thought  possible.  One  other  point  of  interest  here  is  that 
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Table  II.  Wet  Gas 


n2 

Methane 

Ethane 

Propane 

Isobutane 

n-Butane 

Isopentane 

n-Pentane 

C»  + 

C4  naphthenes 
Cs  naphthenes 
C« naphthenes 


Mass 

Spectrometer 
Mole  % 

1.1 

84.1 

4.9 

4.7 
1.1 

1.7 
0.7 
0.5 
0.2 
0.6 
0.3 
0.1 


Fractionating 
Column 
Mole  % 

87'.  44 
4.60 
4.30 
0.72 
1.47 
0.55 
0.47 
0.45 


Time  Required  for  Analysis 
by  Complete  Direct  Method 
(Tables  II  and  III) 
Min. 

Mass  spectrometer  (instrument  time) 

Mixture  25 

Prorated  calibration  4 

Taking  data  from  record  (technician’s  time) 

Mixture  20 

Prorated  calibration  4 

Computing  80 

Total  man-hours  2.25 


Table  III.  Wet  Gas 


(Two  analyses  of  this  mixture  on  fractionating  column  A  and  two  on  B  are 
compared  with  mass  spectrometer  analysis.) 


Fractionating  Fractionating 

Column  A  Column  B 

- Mole  per  cent - 


Maes 

Spectrometer 
Mole  % 


Hi 

,  ,  . 

0.2 

Ni 

0.4 

Oi 

0.2 

CH, 

91.500 

91.600 

91.517 

91.557 

89.9 

CiH, 

4.395 

4.210 

4.372 

4.326 

4.1 

C.Hs 

1.942 

1.942 

1.968 

1.969 

2.0 

I-C4H1O 

0.612 

0.583  1 

1.0 

m-C4Hio 

0.619 

0.6991 

1.255 

1.262 

0.5 

1.231 

1.282) 

»-C6Hl2 

0.290 

0.272) 

0.1 

n-CaHi2 

0.227 

0.222  l 

0.491 

0.488 

0.2 

0.517 

0.494  ) 

c, 

0.232 

0.230 

0.236 

0.230 

Ci  + 

C.H.O 

0.149 

0.162 

0.161 

0.168 

i'.i 

calibration  spectra,  the  contributions  of  n-  and  isobutane  to 
each  of  the  masses  listed  can  be  readily  computed.  These  values 
are  shown  in  the  third  and  fourth  columns. 

If  now  the  mass  44  contributions  of  n-  and  isobutane  are  sub¬ 
tracted  from  the  mixture  44  peak,  the  remaining  peak  is  due  en¬ 
tirely  to  propane.  The  per  cent  propane  in  the  mixture  is  com¬ 
puted  from  this  remainder  peak  and  from  the  sensitivity  of  the 
44  peak  to  propane.  This  simple  calculation  is  shown  in  Equa¬ 
tion  3  where  the  underlined  value,  0.269,  is  the  sensitivity  in  per 
cent  per  division  obtained  from  the  propane  calibration. 

Similarly,  the  amount  of  ethane  can  be  computed  by  sub¬ 
tracting  the  30  peak  contributions  of  the  heavier  components 
from  the  mixture  30  peak.  This  determination  is  shown  in 
Equation  4. 

The  same  procedure  is  used  in  calculating  the  amount  of 
methane  as  indicated  in  Equation  5. 

If  the  apparatus  were  perfect,  if  there  were  no  errors  in  the 
computation,  and  if  all  constituents  in  the  mixture  were  taken 
into  account,  the  sum  of  these  component  spectra  for  any 
given  mass  would  be  equal  to  the  mixture  peak.  The  com¬ 
parison  of  the  sums  of  the  component  spectra  for  each  mass 
with  the  mixture  peak  of  the  corresponding  mass  therefore 
offers  an  excellent  check  on  the  reliability  of  the  analysis. 

The  sums  of  the  component  spectra  are  shown  in  column  8. 
In  order  more  clearly  to  show  the  agreement  of  this  summation 
column  with  the  mixture  column,  the  difference  between  these 
two  columns  is  shown  in  column  9.  Because  of  the  method  of 
computation,  the  residuals  will  be  zero  on  the  masses  used  for 
computing  the  mixture — viz.,  16,  30,  44,  57,  58.  The  residuals 
on  the  peaks  not  used  for  determining  the  analysis  of  the  mixture 
are  a  measure  of  the  accuracy  of  the  analysis.  In  this  case  all 
residuals  are  less  than  1  per  cent  of  the  respective  mixture  peaks. 
This  shows  that  the  analysis  is  of  good  accuracy  and  that  all  sub¬ 
stances  present  in  detectable  amounts  have  been  accounted  for. 


The  ability  of  this  method  to  detect  unexpected  com¬ 
ponents  is  illustrated  in  Tables  II  and  III.  The  unexpected 
naphthenes  in  one  case  and  acetone  in  the  other  were  detected 
by  the  relatively  large  residuals  obtained  when  the  analysis 
was  first  made,  assuming  that  these  constituents  were  not 
in  the  mixture. 

The  method  of  computation  illustrated  in  Table  I  was  de¬ 
scribed  to  show  how  the  mass  spectra  of  the  components  of  a 
mixture  superimpose  to  give  the  spectrum  of  the  mixture  and 
how  the  unused  peaks  may  be  used  to  check  accuracy  of  the 
analysis.  The  particular  method  used  for  determining  the 
separate  components  is  applicable  to  only  the  simplest  of 
analyses.  A  large  amount  of  work  has  been  directed  to  the 
development  of  short-cut  methods  for  analyzing  more  com¬ 
plicated  mixtures.  The  computing  manual  which  explains 
these  methods  is  over  100  pages  in  length. 

Times  Required  for  Analyses 

The  length  of  time  required  to  make  analyses  with  the 
mass  spectrometer  is  very  short,  as  is  shown  in  the  examples 
which  follow. 

Times  are  shown  for  the  complete  direct  method  of  analy¬ 
sis.  These  times  in  most  cases  are  somewhat  longer  than 
would  normally  be  encountered  in  production  analyses,  as 
will  be  seen  from  the  explanation  below.  In  three  examples 
(Tables  IV,  V,  VI)  times  are  also  shown  for  the  comparison 
method  of  analysis,  which  is  faster  and  may  be  used  for  con¬ 
trol  purposes. 

In  the  complete  direct  method  calibrations  of  critical  com¬ 
ponents  of  a  mixture  are  run  on  the  same  day  on  which  the 
mixture  is  run,  and  computations  are  carried  through  at  a 
large  number  of  masses  in  order  to  obtain  a  check  on  the 
accuracy  of  the  analysis  as  well  as  to  discover  unexpected 
constituents.  In  general,  calibrations  will  consume  about  2 
or  3  hours  per  day  of  mass  spectrometer  time  when  the  direct 
method  is  used.  In  the  examples  which  follow,  the  value 
given  for  man-hours  includes  a  prorated  time  for  the  calibra¬ 
tions. 

If  it  is  not  desired  to  check  for  unexpected  compounds 
and  general  accuracy  of  analyses,  it  is  unnecessary  to  carry 
through  computations  for  a  large  number  of  masses.  Con¬ 
siderable  time  can  therefore  be  saved  in  computing  and  tak- 


Table  IV.  Synthetic  Ci  to  C4  Paraffin-Olefin  Mixture 

(Composition  computed  from  the  manometer  synthesis  is  compared  with 
mass  spectrometer  analysis.) 


Manometer 

Mass 

Synthesis 

Spectrometer 

Difference 

Methane 

11.3 

10.9 

-0.4 

Ethylene 

1.5 

1.7 

+  0.2 

Ethane 

22.1 

21.4 

—  0.7 

Propene 

11.9 

11.8 

-0.1 

Propane 

31.1 

31.0 

—  0.1 

Isobutane 

5.0 

5.0 

0.0 

Isobutene 

4.4 

4.7 

+0.3 

Butene-l 

5.0 

6.2 

+  1.2 

Butene-2 

0.7 

0 

-0.7 

n-Butane 

7.0 

7.3 

+0.3 

Mass  spectrometer  (instrument  time) 
Mixture 

Prorated  calibration 

Taking  data  from  record  (technician’s  time) 
Mixture 

Prorated  calibration 
Computing 

Total  man-hours 

For  n-,  isobutane,  and  total  butenes  only, 
hour 


Time  Required  for  Analysis 
Complete  Comparison 


direct 

method 

Min. 


(control) 

method 

Min. 


20  20 

12  4 

20  15 

12  1 

130  80 

3.25  2 


0.75 
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Table  V.  Typical  Feed  Stocks 


Catalytic  Polymerization 
Mass 

Manom-  spectrom¬ 
eter  eter  Difference 
. - Mole  per  cent - ■ 


Manom¬ 

eter 


Acid  Alkylation - - 

Mass 
spectrom¬ 
eter  Difference 
Mole  per  cent - - 


Propene 

1.0 

1.1 

+0.1 

1.0 

1.2 

+0.2 

Propane 

2.1 

2.0 

-0.1 

2.0 

2.0 

0 

Isobutane 

9.8 

9.2 

-0.6 

14.8 

14.9 

+  0.1 

Isobutene 

13.7 

12.7 

-1.0 

0 

0 

0 

Butene-1 

15.0 

16.5 

+  1.5 

10.0 

10.6 

+  0.6 

Butene-2 

14.0 

14.1 

+0.1 

5.0 

4.6 

-0.4 

n-Butane 

42.4 

42.4 

0 

64.2 

63.8 

-0.4 

Isopentane 

0.5 

0.5 

0 

1.0 

0.9 

-0.1 

n-Pentane 

0.5 

0.6 

+0.1 

0.5 

0.5 

0 

Pentenes 

1.0 

0.9 

-0.1 

1.5  1.5 

Time  Required  for 

0 

Analysis 

Mass  spectrometer  (instrument  time) 
Mixture 

Prorated  calibration 

Taking  data  from  record  (technician’s  time) 
Mixture 

Prorated  calibration 
Computing 

Total  man-hours 


Complete 

Comparison 

direct 

(control) 

method 

method 

Min. 

Min. 

25 

25 

10 

3.5 

25 

15 

10 

1.5 

140 

75 

3.5 

2 

ing  data  from  the  records  in  the  partial  direct  method,  since 
only  the  masses  used  directly  in  the  solution  need  be  con¬ 
sidered.  In  some  cases  both  the  computing  time  and  record 
reading  time  will  be  cut  approximately  in  half. 

The  values  given  for  total  man-hours  in  the  complete 
direct  method  should  therefore  be  considered  as  upper  limits. 
These  times  would  normally  be  encountered  only  when  using 
the  mass  spectrometer  for  experimental  rather  than  production 
analyses. 

If  it  is  desired  to  use  the  spectrometer  for  control  purposes, 
the  time  for  analysis  can  be  reduced  below  that  attainable  by 
either  direct  method,  since  in  general  there  will  be  a  large  num¬ 
ber  of  samples  of  similar  composition.  This  permits  the  use 
of  the  comparison  method  of  analysis,  which  eliminates  a 
large  portion  of  both  calibration  and  computation  and  is 
therefore  faster  than  the  direct  method. 

The  comparison  method  is  essentially  a  comparison  be¬ 
tween  an  unknown  sample  and  a  standard  sample.  If  the 
mass  spectrometer  is  to  be  used  for  control  purposes — for 
example,  to  indicate  a  change  in  the  composition  of  a  stream — 
very  rapid  results  can  be  obtained  with  the  comparison 
method.  Such  control  can  be  accomplished  merely  by 
making  periodic  runs  on  the  stream 
and  comparing  the  mass  spectra  thus 
obtained  with  the  mass  spectrum  of 
a  standard  mixture  which  is  run  once 
each  day.  Any  change  in  the  differ¬ 
ence  between  the  spectrum  of  the 
stream  and  the  spectrum  of  the  stand¬ 
ard  mixture  will  indicate  a  change  in 
the  composition  of  the  stream.  In 
addition,  the  change  in  composition 
can  be  computed  from  this  difference 
spectrum;  or  a  complete  analysis  can 
be  made  from  this  difference  spectrum 
and  a  knowledge  of  the  composition 
of  the  standard  mixture. 

The  comparison  method  of  analysis 
just  described  may  be  used  to  advan¬ 
tage  whenever  a  large  number  of  sam¬ 
ples  with  similar  composition  are  to 
be  run  in  a  single  day.  There  are  three 
main  advantages  in  using  this  method : 

(1)  Complete  calibrations  need  be 
made  only  about  once  a  month,  thus 


reducing  to  practically  zero  the  prorated  calibration  time. 
(2)  All  data  necessary  for  complete  analysis  are  obtained, 
but  it  is  unnecessary  to  carry  out  computations  unless  the 
composition  of  the  sample  has  changed  a  sufficient  amount 
to  be  of  interest.  This  reduces  to  zero  the  computing  time 
for  some  samples.  (3)  When  it  is  desired  to  obtain  a  com¬ 
plete  analysis,  the  computing  time  is  materially  less  than  re¬ 
quired  by  the  direct  method.  The  times  given  for  the  com¬ 
parison  method  in  Tables  IV,  V,  and  VI  demonstrate  the 
rapidity  with  which  complete  analyses  can  be  obtained  by 
this  method. 

With  either  the  direct  or  comparison  methods  a  large 
number  of  samples  can  be  run  in  a  day.  For  example,  with 
a  C4  feed  stream  as  illustrated  in  Table  V,  fourteen  samples 
can  be  run  by  the  direct  method  and  seventeen  samples  by 
the  comparison  method  in  an  8-hour  day.  The  correspond¬ 
ing  numbers  for  the  C4  cut  free  of  C6  shown  in  Table  VI  are 
16  and  24  samples  per  8-hour  day. 

In  some  eases  when  only  the  abundance  of  one  or  two  com¬ 
ponents  of  a  mixture  is  required,  the  analysis  can  be  made 
rapidly,  whether  or  not  there  are  a  large  number  of  samples 
of  similar  composition.  For  example,  in  a  Ci  through  C4 
paraffin-olefin  mixture,  if  only  the  mole  per  cents  of  n-  and 
isobutane  and  total  butenes  are  desired,  the  total  time  is 
about  40  minutes.  In  the  determination  of  butadiene  in  a 
Ci  to  C4  mixture  or  in  a  C4  cut,  the  time  is  only  30  minutes. 

Analyses  Made  with  the  Mass  Spectrometer 

Some  important  mixtures  which  have  been  analyzed  with 
the  mass  spectrometer  to  date  are: 

1.  Dry  gas 

2.  Wet  gas 

3.  n-  and  isobutane  mixtures 

4.  Ci  through  C4  paraffin  and  olefin 

5.  Cj  through  Cs  paraffin  and  olefin 

6.  C4  paraffins,  olefins 

7.  C4  paraffins,  olefins,  and  diolefin 

8.  C6  paraffins,  olefins,  diolefins,  and  cyclic 

9.  C6  through  C6  paraffins,  cycfics,  and  aromatics 

10.  Determination  of  benzene,  toluene,  and  xylenes  in  gaso¬ 
line 

11.  Determination  of  small  amounts  of  diethylbenzene  in 
ethylbenzene 

Examples  of  depropanizer  overhead  and  n-  and  isobutane 
mixtures  have  been  previously  published  ( 1 ). 


Table  VI.  Synthetic  C4  Paraffin-Olefin-Diolefin  Mixtures 


-Mixture  1- 

, - 

-Mixture  2- 

- - Mixture  3- 

Mass 

Mass 

Mass 

Manom 

-  spectrom- 

Differ- 

Manom 

-  spectrom- 

Differ- 

Manom-  spectrom- 

Differ- 

eter 

eter 

ence 

eter 

eter 

ence 

eter  eter 

ence 

w  .  i  . 

i  i 

iu  ots  per  cent  - 

Propene 

0.9 

0.4 

-0.5 

0 

0 

0 

0  0 

0 

Butadiene 

66.6 

67.2 

+0.6 

92.6 

92.5 

-0.1 

3.8  3.8 

0 

Isobutane 

0 

0.6 

+  0.6 

0 

0 

0 

0  0 

0 

Isobutene 

0.9 

1.0 

+  0.1 

0 

0.2 

+  0.2 

30.4  28.9 

-1.5 

Butene-1 

7.1 

8.1 

+  1.0 

1.9 

2.0 

+  0.1 

31.4  29.2 

-2.2 

Butene-2 

6.9 

5.5 

—  1.4 

5.5 

5.3 

-0.2 

34.4  38.1 

+3.7 

n-Butane 

17.6 

17.2 

-0.4 

0 

0 

0 

0  0 

.  . 

Time  Required  for  Analysis 


Mass  spectrometer  (instrument  time) 

Mixture 

Complete 

direct 

method 

Min. 

20 

Comparison 

(control) 

method 

Min. 

15 

Prorated  calibration 

7 

5 

Taking  data  from  record  (technician's  time) 

Mixture 

20 

15 

Prorated  calibration 

7 

5 

Computing 

95 

50 

Total  man-hours 

2.5 

1.5 

Butadiene  only,  min. 

35 
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Table  VII.  C6 


Isopentane 

Pentene-1 

Isoprene 

n-Pentane 

2-Methylbutene-2 

Cyclopentane 


Pahaffin-Olefin-Isoprene-Cyclopentane 

Mixture 


Mass  Spectrometer 


Synthetic 

5-6-42  5-7-42 

5-8-42 

11.3 

10.2 

10.4 

10.5 

28.8 

31.4 

25.7 

31.6 

19.0 

19.7 

20.3 

20.2 

11.9 

10.5 

11.0 

10.4 

19.3 

19.0 

20.6 

18.7 

9.7 

9.2 

12.1 

8.6 

Mass  spectrometer  (instrument  time) 
Mixture 

Prorated  calibration 

Taking  data  from  record  (technician’s  time) 
Mixture 

Prorated  calibration 
Computing 

Total  man-hours 


Time  Required  for  Analysis 
by  Complete  Direct  Method 
Min. 

25 

28 

25 

28 

195 

5 


Wet  Gas  Mixture.  Table  II  shows  the  comparison  be¬ 
tween  the  results  obtained  on  a  wet  gas  mixture  by  a  frac¬ 
tionating  column  and  the  mass  spectrometer.  The  main 
point  of  interest  in  this  analysis  is  that  the  mass  spectrometer 
was  able  to  detect  small  quantities  of  naphthenes. 

Table  III  shows  the  comparison  between  two  fractionating 
columns  and  the  mass  spectrometer.  Perhaps  the  most 
interesting  point  in  this  example  is  the  fact  that  the  mass 
spectrometer  was  able  to  determine  the  presence  of  a  small 
amount  of  acetone.  The  presence  of  acetone  was  probably 
caused  by  a  contaminated  sample  bottle.  If  the  mass 
spectrometer  analysis  is  corrected  for  the  presence  of  acetone, 
the  maximum  discrepancy  between  these  corrected  results 
and  the  fractionating  column  results  is  only  0.4  mole  per  cent. 

These  two  examples  illustrate  the  power  of  the  mass  spec¬ 
trometer  method  to  detect  unexpected  substances  in  a 
sample,  even  when  these  substances  have  the  same  molecular 
weight  as  other  components  in  the  mixture — the  molecular 
weight  of  acetone  is  the  same  as  that  of  n-  and  isobutanes. 

Ci  to  C4  Paraffin-Olefin  Mixture.  Table  IV  shows  the 
results  of  the  analysis  of  a  synthetic  mixture  containing  Ci 
to  C4  paraffins  and  olefins.  In  the  column  labeled  “Manom¬ 
eter”  is  shown  the  composition  of  the  mixture  in  mole  per 
cent  as  synthesized  with  the  aid  of  a  mercury  manometer. 
The  next  column  shows  the  results  of  the  analysis  obtained 
with  the  mass  spectrometer,  while  the  last  column  shows  the 
discrepancy  between  the  manometer  and  mass  spectrometer 

I  determinations. 

The  example  in  Table  IV  was  selected  to  illustrate  what  is 
probably  the  authors’  average  accuracy  on  this  type  of  mix¬ 
ture.  In  general,  the  total  butenes  and  separate  paraffins  are 
determined  to  within  the  same  accuracy.  However,  the 
-  separation  of  the  butenes,  and  particularly  the  separation 
of  butene-1  and  butene-2,  is  less  accurate  because  of  the 
similarity  of  their  mass  spectra.  Average  errors  in  deter¬ 
mining  the  separate  butenes  are  about  three  times  the  aver- 
.  age  errors  in  determining  the  separate  paraffins. 

If  small  amounts  of  C5  (say  1  per  cent)  are  present  in  a  mix¬ 
ture  such  as  shown,  the  times  are  increased  by  about  15 
minutes.  The  probable  error  in  separating  the  butenes  is 
increased  about  0.5  per  cent. 

If  larger  amounts  of  C5  paraffins  and  olefins  are  present,  the 
accuracy  of  the  determination  of  the  total  butenes  is  not 
affected.  The  determination  of  the  accuracy  with  which  the 
butenes  can  be  separated  in  the  presence  of  large  amounts  of 
C6  is  at  present  awaiting  additional  data. 

C3  to  Cs  Paraffin-Olefin  Mixture.  Table  V  shows  the 
'  results  obtained  on  two  synthetic  mixtures  with  compositions 
i  similar,  respectively,  to  polymerization  plant  and  alkylation 
plant  feed  streams.  These  mixtures  contain  a  small  amount 


of  C5  paraffins  and  olefins.  The  results  show  that  good 
accuracy  can  be  obtained  on  the  separate  determination  of 
the  C4’s,  when  as  much  as  3  per  cent  of  the  C5’s  is  present. 
The  effect  on  accuracy  and  analysis  time  of  the  presence  of 
larger  amounts  of  pentenes  is  at  present  awaiting  additional 
data,  as  in  the  previous  example. 

C4  Paraffin-Olefin-Diolefin  Mixture.  Table  VI 
gives  analyses  of  three  synthetic  C4  mixtures  containing 
butadiene  in  addition  to  paraffins  and  olefins.  In  each  case 
the  composition  as  obtained  in  the  manometer  synthesis  is 
compared  with  the  mass  spectrometer  .analysis.  The  pres¬ 
ence  of  small  or  large  amounts  of  butadiene  in  a  mixture  of 
this  type  can  be  detected  with  an  accuracy  of  about  ±0.3 
per  cent.  When  the  partial  concentration  of  butadiene  is 
about  50  per  cent,  the  average  accuracy  of  its  determination 
is  about  ±0.7  per  cent.  The  accuracy  of  determining  the 
other  components  of  these  mixtures  is  only  slightly  affected 
by  the  presence  of  butadiene. 

The  third  analysis  shows  a  relatively  large  error  in  the 
separation  of  butene-1  and  butene-2.  In  spite  of  the  fact 
that  large  amounts  of  butenes  are  present,  this  error  is 
larger  than  that  normally  encountered.  It  is  included  here, 
so  that  the  poor  as  well  as  the  typically  good  results  will  be 
illustrated. 

C5  Paraffin-Olefin-Diolefin  and  Cyclic  Mixture. 
Table  VII  compares  three  mass  spectrometer  analyses  ob¬ 
tained  on  three  consecutive  days  on  a  synthetic  C5  mixture 
containing  paraffins,  olefins,  isoprene,  and  cyclopentane, 
with  the  composition  reported  from  the  synthesis.  This 
mixture  did  not  contain  all  the  C5  olefins  or  diolefins,  simply 
because  the  pure  components  were  not  available.  However, 
the  mixture  could  still  be  analyzed  if  all  components  nor¬ 
mally  encountered  in  such  a  mixture  were  present,  although  the 
accuracy  in  separating  the  individual  olefins  would  prob¬ 
ably  not  be  so  good  as  is  shown  in  this  table.  “Synthetic” 
rather  than  “Manometer”  is  used  in  the  tables  whenever  the 
sample  was  prepared  by  a  laboratory  other  than  the  Con¬ 
solidated  Engineering  Corporation. 


Table  VIII.  C6  Paraffin  Synthetics 


(Two  Ce  mixtures  were  analyzed  by  the  mass  spectrometer  method  on  two 
successive  days.  Composition  from  synthesis  is  given  for  comparison.) 

Mass  Mass 

SDectrom-  Spectrom- 


2 .2- Dimethylbutane 
Cyclopentane 

2.3- Dimethylbutane 

2- Methylpentane 

3- Methylpentane 
n-Hexane 


Synthetic  6-25  6-26  Synthetic  6-25  6-26 

Mole  per  cent  Mole  per  cent 


3.82 

3.5 

3.5 

26.40 

26.1 

25.9 

0 

0 

0 

0 

0 

0 

0 

0 

0.3 

0 

0.5 

0.2 

12.03 

12.5 

12.3 

36.24 

35.7 

36.4 

6.16 

6.8 

7.3 

20.26 

20.8 

20.6 

77.99 

77.2 

76.6 

17.10 

16.9 

16.9 

Mass  spectrometer  (instrument  time) 
Mixture 

Prorated  calibration 

Taking  data  from  record  (technician’s  time) 
Mixture 

Prorated  calibration 
Computing 

Total  man-hours 


Time  Required  for  Analysis 
by  Complete  Direct  Method 
Min. 

25 

12 

25 

12 

120 

3.25 


C6  Paraffin  Mixture.  Table  VIII  shows  two  analyses 
of  synthetic  mixtures  containing  C6  paraffins.  In  each  case, 
the  analysis  was  made  on  two  different  days  to  see  how  well 
the  mass  spectrometer  results  would  reproduce  on  this  type 
of  mixture. 

C6-C6  Paraffin-Cyclic  and  Aromatics.  Table  IX  shows 
the  analysis  of  a  mixture  containing  C6  and  C8  paraffins, 
cyclics,  and  aromatics.  Since  this  mixture  was  not  a  syn- 
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Table  IX.  Mixture  of  C5  and  C6  Paraffins,  Cyclics,  and 

Aromatics 


Fractionation  Mass 

(100-Plate)  Ultraviolet  Spectrom- 
Hydrocarbon  Column  Absorption  eter  Difference 

/ - Mole  per  cent - 


Pentanes  3.8 

2.2- Dimethylbutane  14.0 

Cyclopentane  1 . 6 

2.3- Dimethylbutane  9.4 

2- M  ethylpentane  33.0 

3- Methylpentane  13.9 

n-Hexane  12.8 

Methylcyclopentane  8.7 

Benzene  2.9 


2.0 


3.7 

-0.1 

15.0 

+  1.0 

2.0 

+  0.4 

7.7 

-1.7 

32.2 

-0.8 

14.6 

+  0.7 

13.5 

+  0.7 

9.3 

+  0.6 

2.1 

-0.8 

Time  Required  for  Analysis 
by  Complete  Direct  Method 


Min. 

Mass  spectrometer  (instrument  time) 

Mixture  25 

Prorated  calibration  23 

Taking  data  from  record  (technician’s  time) 

Mixture  25 

Prorated  calibration  23 

Computing  160 


Total  man-hours 


4.25 


thetic,  the  table  shows  the  comparison  between  the  results 
obtained  with  a  mass  spectrometer  and  by  a  combination  of 
refractive  index  readings  and  temperature  readings  taken  on 
a  large  number  of  small  fractions  obtained  from  a  100-plate 
fractionating  column.  The  two  analyses  are  in  fairly  good 
agreement.  Results  of  the  determination  of  benzene  by 
ultraviolet  absorption  are  also  shown. 

The  time  required  by  the  mass  spectrometer  in  this  case 
is  extremely  short  as  compared  with  the  fractionating  time 
which  in  this  case  was  10  days,  24  hours  a  day.  Even  in  the 
case  where  the  unknown  mixture  contains  CSs  in  addition  to 
CB  and  C»,  a  preliminary  relatively  rapid  fractionation  can  be 
made  to  cut  out  the  Cv’s,  and  the  total  time  for  preliminary 
fractionation  and  the  mass  spectrometer  analysis  is  still 
materially  shorter  than  the  time  required  by  fractionation 
alone. 

Gasoline  and  Aromatics.  Table  X  shows  the  analysis 
for  the  benzene,  toluene,  and  xylene  in  a  synthetic  gasoline. 
If  ethylbenzene  had  also  been  present  in  this  mixture,  its 
amount  could  have  been  separately  determined.  The  major 
portion  of  the  analysis  time  given  was  consumed  in  prepara¬ 
tion  of  the  sample  preliminary  to  its  introduction  into  the 
mass  spectrometer.  This  preparation  is  done  on  an  auxiliary 
apparatus  and  so  does  not  consume  any  spectrometer  time. 
The  time  for  the  actual  spectrometer  run  and  prorated  cali¬ 
bration  is  only  28  minutes.  Combined  computing  and  in¬ 
strument  time  is  thus  only  45  minutes.  Sample  preparation 
time  for  this  type  of  mixture  can  be  materially  reduced  as  the 
bottling  method  is  improved. 

Determination  of  Diethylbenzene  in  Ethylbenzene. 
Table  XI  shows  the  results  of  eight  tests  on  the  determination 
of  small  quantities  of  diethylbenzene  in  ethylbenzene.  This 
example  is  representative  of  a  number  of  analyses  which  can 
be  made  with  the  mass  spectrometer  to  check  the  purity  of 
a  particular  compound.  In  this  case  the  minimum  amount 
of  impurity  that  could  be  detected  without  making  special 
adjustments  is  about  0.02  per  cent.  If  a  small  amount  (down 
to  0.02  per  cent)  of  isopropylbenzene  were  also  present  in 
these  mixtures,  its  quantity  could  be  determined. 

Mass  Spectrometer  for  Commercial  Use 

In  order  to  make  the  mass  spectrometer  useful  for  routine 
analysis  it  was  necessary  to  develop  an  instrument  which 
was  reliable,  reasonably  simple  to  operate,  and  at  the  same 
time  capable  of  obtaining  accurate  mass  spectra  of  gas  and 
liquid  mixtures. 


The  accuracy  of  the  Consolidated  Engineering  Corporation 
mass  spectrometer  is  demonstrated  by  the  results  of  the 
analyses  given  above. 

The  commercial  apparatus  has  been  designed  conserva¬ 
tively,  so  that  it  will  require  a  minimum  of  service.  In  order 
to  test  the  reliability  of  operation,  the  mass  spectrometer  in 
this  laboratory  was  operated  in  a  routine  manner  over  a 
period  of  4  months,  during  which  time  from  15  to  20  runs  a 
day  were  made.  This  number  of  runs  was  obtained  in  an 
8-hour  day.  However,  in  order  to  simulate  24-hour-a-day 
operation,  all  voltages  were  left  on  at  all  times  during  the 
4  months  with  the  exception  of  Sundays.  During  this 
period,  in  addition  to  many  experimental  runs,  over  200 
analyses  were  carried  out  on  synthetic  mixtures  made  in  the 
laboratory  and  on  mixtures  sent  in  by  oil  companies  which 
were  interested  in  the  possibilities  of  this  new  method  of 
analysis. 

Figure  3  shows  a  commercial  model  of  the  Consolidated  Engi¬ 
neering  Corporation  mass  spectrometer.  In  the  center  back¬ 
ground  is  the  electromagnet  which  produces  the  uniform  magnetic 
field  in  which  the  mass  spectrometer  proper  is  placed.  Immedi¬ 
ately  to  the  left  of  this  magnet  is  the  sample  inlet  system  and 
evacuation  apparatus.  In  the  right  foreground  are  the  oper- 


Table  X.  Synthetic  Gasoline  and  Aromatics 

(Composition  obtained  from  the  synthesis  is  compared  with  the  mass  spee- 
trometer  analysis  for  two  mixtures  containing  aromatics  and  a  large 
number  of  other  hydrocarbons.) 


Mass 

Dif¬ 

Mass 

Dif¬ 

Synthetic 

Spectrom¬ 

fer¬ 

Spectrom¬ 

fer¬ 

eter 

ence 

Synthetic 

eter 

ence 

Mole  per  cent 

Mole  per  cent 

Nonaromatics3 

49.1 

49.1 

0 

52.9 

55.0 

+2.1 

Benzene 

12.7 

12.5 

-0.2 

5.7 

5.7 

0 

Toluene 

37.9 

38.4 

+0.5 

21.0 

21.8 

+0.8 

Xylene 

20.3 

17.5 

-2.8 

Time  Required  for  Analysis 
by  Partial  Direct  Method 
Min. 


Mass  spectrometer  (instrument  time) 

Mixture  25 

Prorated  calibration  3 

Taking  data  from  record  (technician’s  time) 

Mixture  10 

Prorated  calibration  1 

Computing  10 

Sample  preparation  120 


Total  man-hours 


2  hours  50  minutes 


“  Nonaromatics:  n-hexane,2-methylpentane,2,3-dimethylbutane,  methyl¬ 
cyclopentane,  cyclohexane,  n-heptane,  methylcyclohexane,  "isooctane”, 
and  “isooctene”. 


Table  XI.  Small  Amounts  of  Diethylbenzene  in  Nearly 
Pure  Ethylbenzene 

(Determination  of  diethylbenzene  in  ethylbenzene  in  eight  different  concen¬ 
trations.  Impurity  added  in  synthesis  is  compared  to  mass  spectrometer 

analysis.) 


Mixture 

Synthetic 

Mass 

Spectrometer 

Difference 

1 

0.036 

0.033 

-0.003 

2 

0.071 

0.066 

-0.005 

3 

0.235 

0.22 

-0.02 

4 

0.479 

0.44 

-0.04 

5 

0.789 

0.76 

-0.03 

6 

2.41 

2.2 

-0.2 

7 

4.02 

3.6 

-0.4 

8 

7.97 

8.0 

0 

Mass  spectrometer  (instrument  time) 
Mixture 

Prorated  calibration 

Taking  data  from  record  (technician’s  time) 
Mixture 

Prorated  calibration 
Computing 
Sample  preparation 

Total  man-hours 


Time  Required  for  Analysis- 
by  Partial  Direct  Method 
Min. 


25 

3 

10 

1 

10 

120 

2  hours  50  minutes 
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Figure  3. 


CoMMERICAL  MODEL  OF  THE  CONSOLIDATED  MaSS  SPECTROMETER 


ator’s  table  and  the  cabinet  which  houses  the  automatic  recording 
apparatus  and  power  packs.  These  power  packs  supply  closely 
regulated  voltages  to  the  spectrometer  and  electric  power  to  the 
magnet.  ,  ,  .  , 

The  routine  operation  of  the  apparatus  for  analyzing  gas  and 
liquid  mixtures  is  relatively  simple.  The  main  operations  are 
(1),  the  manipulating  of  the  proper  stopcocks  to  introduce  the 
sample  into  the  apparatus,  and  (2),  the  throwing  of  the  proper 
switches  to  initiate  the  automatic  recording  of  the  data. 

The  data  are  recorded  on  photographic  paper  by  a  recording 
oscillograph. 

In  order  to  increase  the  reliability  of  the  instrument  and 
■further  to  simplify  its  operation,  several  automatic  pro¬ 
tective  devices  have  been  installed  to  avoid  damage  to  the 
instrument  in  an  emergency.  To  a  large  extent,  these  pro¬ 
tective  features  prevent  the  loss  of  operating  time  and  allow 
relatively  unskilled  operators  to  take  data. 

The  handling  of  sampling  and  sample  containers  in  a 
•refinery  may  be  greatly  simplified  by  using  the  mass  spec¬ 
trometer  method,  since  the  sample  required  is  so  minute. 
•Only  0.1  cc.  of  gas  at  atmospheric  pressure  need  be  intro¬ 
duced  into  the  inlet  sample  bottle.  This  extremely  small 
size  may  be  of  decided  advantage  in  some  laboratory  ex¬ 
periments. 

In  the  refinery  the  size  of  sample  should  be  picked  which 
is  best  adapted  to  easy  sampling  and  handling.  Cylinders 
of  about  100-cc.  capacity  should  be  very  satisfactory. 

Summary 

The  mass  spectrometer  method  has  several  distinctive 
features: 

1.  A  large  number  of  samples,  in  some  cases  as  many  as  20, 
■  can  be  analyzed  in  an  8-hour  day  with  one  mass  spectrometer 


2.  Mixtures  containing  Up  to  15  or  more  components  can  be 
analyzed. 

3.  Results  can  be  computed  in  such  a  manner  as  to  indicate 
whether  the  analysis  is  sufficiently  accurate,  and  whether  any 
unexpected  components  are  present. 

4.  Results  are  practically  independent  of  the  skill  and  judg¬ 
ment  of  operators  and  computers. 

5.  Only  a  small  sample  is  required  for  analysis,  0.1  cc.  usually 
being  sufficient. 

Conclusion 

As  indicated  by  the  examples  given,  advances  in  tech¬ 
niques  of  analysis  using  the  mass  spectrometer  have  been 
extremely  rapid.  As  in  the  case  of  any  new  development, 
the  field  is  constantly  expanding.  New  problems  extending 
the  use  of  the  instrument  are  continually  being  proposed 
and  solved.  Evidence  is  accumulating  which  indicates  that 
analyses  which  are  prohibitively  time-consuming  by  other 
methods  will  be  relatively  readily  analyzed  by  means  of  the 
mass  spectrometer.  The  examples  given  in  this  paper  should 
therefore  not  be  considered  as  representing  the  limits  of  the 
method. 
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Analytical  Chemistry  of  the  Rare  Earths 

Average  Atomic  Weight  of  the  Rare  Earths  in  a  Mixture 
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The  oxalate  to  oxide,  oxalate  to  permanganate, 
method  for  determination  of  the  average  atomic 
weight  of  the  rare  earth  in  a  mixture  has  been  stud¬ 
ied,  using  pure  materials  and  mixtures  of  known 
composition.  An  important  source  of  error  lies  in 
the  standardization  of  the  permanganate  solution. 
To  minimize  the  error  this  operation  should  em¬ 
ploy  as  a  standard  that  rare  earth  which  is  the  prin¬ 
cipal  component  of  the  mixture. 


A  KNOWLEDGE  of  the  average  atomic  weight  of  the 
rare  earths  in  a  mixture  allows  the  composition  to  be 
calculated  if  only  two  earths  are  present  or  provides  suffi¬ 
cient  data  for  such  a  calculation  if  the  percentages  of  all  but 
two  of  the  components  may  be  determined  in  other  ways. 

Analytical  methods  suitable  for  routine  determinations  of 
the  atomic  weights  of  the  rare  earths  are  few.  The  oxide  to 
sulfate  method  of  Schutzenberger  (7)  is  of  historical  interest 
only,  since  the  many  possible  errors  in  the  conversion  to  anhy¬ 
drous  sulfate  render  its  use  unreliable.  The  choice  is  ap¬ 
parently  among  the  method  of  Feit  and  Przibylla  (8)  in 
which  a  weighed  amount  of  oxide  is  dissolved  in  excess  dilute 
sulfuric  acid  and  the  excess  titrated  with  standard  base;  the 
oxalate  to  oxide,  oxalate  to  permanganate,  method  of  Gibbs  (5) ; 
and  the  chloride  to  silver  method,  first  used  for  a  rare  earth  by 
Baxter  and  Chapin  ( 1 ).  Of  these  the  first-named  is  unre¬ 
liable  for  mixtures  of  the  earths  of  weaker  basicity,  while  the 
last  is  too  time-consuming  for  routine  application.  The  oxa¬ 
late  method  is  probably  intermediate  with  regard  to  both  the 
time  required  for  the  determination  and  the 
accuracy  obtained. 

The  method  involves  the  following  steps: 
precipitation,  washing,  and  oven-drying  of  the 
oxalate;  determination  of  the  oxalate  to  oxide 
ratio  by  the  ignition  of  weighed  portions  of  the 
partially  dehydrated  oxalate,  followed  by  dis¬ 
solution  of  weighed  portions  of  the  same  sample 
of  oxalate  in  sulfuric  acid  and  titration  of  the 
oxalate  content  with  standard  permanganate 
solution.  The  average  atomic  weight  is  cal¬ 
culated  from  the  formula,  A/B  =  (2  R.E.  + 

3OV3C2O3,  where  A  is  the  weight  of  rare  earth 
oxide,  R.  E  2O3  which  corresponds  to  B,  the 
weight  of  C2O3  found  in  the  titrated  samples. 

Experimental 


2La  +  48  0.3208  X  0  1218 

216.06  0.02526  X  72.02  X  51.40 

2  X  1000 

La  =  139.45 

While  the  precision  of  the  experimental  results  is  satis¬ 
factory  for  the  desired  purpose,  the  accuracy  is  not.  In  all 
cases  the  atomic  weights  are  slightly  high. 

As  a  result  of  searching  the  method  for  errors  leading  to 
high  values  it  appeared  likely  that  the  oxalate  titer  of  the 
permanganate  against  National  Bureau  of  Standards  sodium 
oxalate  (dried  overnight  at  140°  C.)  was  not  the  same  as  that 
obtained  against  the  oxalate  content  of  rare  earth  oxalate 
dried  at  110°  C.  for  a  similar  period  of  time.  A  possible 
explanation  of  this,  in  turn,  might  be  that  some  nitrato- 
oxalate  ( 6 )  contaminates  the  oxalate  of  the  rare  earths  when 
the  latter  is  precipitated  in  the  usual  way  (4) . 

A  comparison  was  therefore  made  between  the  normality 
of  potassium  permanganate  solutions  as  determined  by 
standardization  against  Bureau  of  Standards  sodium  oxalate 
on  the  one  hand  and  against  the  pure  rare  earth  oxalate  itself 
on  the  other.  Table  II  lists  the  results  obtained  in  this 
series  of  determinations.  It  is  evident  that  the  oxalate  titer 
of  the  permanganate  solution  as  determined  against  the 
oxalate  of  the  rare  earth  concerned  is  greater  than  that 
determined  against  sodium  oxalate  except  in  the  case  of 
gadolinium.  The  trend  is  consistent  and  is  toward  closer 
agreement  of  the  two  normalities  with  decrease  in  basicity 
of  the  rare  earth  (increase  in  atomic  number)  and  the  change 
in  this  difference  may  be  significant. 


Table  I.  Atomic  Weights  of  Some  Cerium  Group  Earths 

Inter- 


Rare 

Earth 

Oxide 

Weight 

of 

Oxalate0 

Titrated 

Volume 

of 

KMnOi 

Used 

N  KMnO, 
vs. 

Na2C204 

W  eight 
of 

Oxalate 

Ignited 

Weight 

of  Calcd. 

Oxide  Atomic 

Obtained  Weight 

national 

Atomic 

Weight, 

1941 

Gram 

Ml. 

Gram 

Gram 

LsuOa 

0.1218 

0.1090 

51.40 

45.80 

0.02526 

0.02526 

0.3208 

0.3953 

0.1863  139.45 

0.2294  140.03 

Av.  139.74 

138.92 

Nd2Oa 

0.1022 

0.0860 

40.50 

34.12 

0.02515 

0.02515 

0.2214 

0.2338 

0.1247  145.54 

0.1321  145.88 

Av.  145.71 

144.27 

S1112O3 

0.1132 

0.0896 

43.15 

34.10 

0.02467 

0.02467 

0 . 2099 
0.3056 

0.1153  151.25 

0.1673  150.93 

Av.  151.09 

150.43 

°  It  follows  from  the  data  in  Table  I  that  the  weight  of  water  remaining  in  the  oxalate 
after  partial  dehydration  at  110°  C.  could  be  calculated  readily.  Such  materials  are  no 
longer  hydrated  with  9  or  10  molecules  of  water  although  they  may  have  been  precipitated 
as  ennea-  or  decahydrates.  Further  investigation  of  this  point  is  planned. 


A  preliminary  investigation  of  the  accuracy 
of  the  method  was  made,  using  certain  spectro- 
graphically  pure  rare  earths  of  the  cerium  group.  The  data 
are  shown  in  Table  I.  The  calculation: 


2La  +  30 
3C2O3 


Gram  of  oxide  obtained 
Gram  of  oxal.  ignited 


X  gram  of  oxalate  titrated 


N  of  KMn04  X  m.  eq.  of  C2O3  X  ml.  of  KMnCq  used 


1  Present  address,  Magnolia  Petroleum  Co.,  Dallas,  Texas. 

2  Present  address,  Aluminum  Research  Laboratories,  New  Kensington, 
Penna. 


In  view  of  these  results  it  was  decided  that  the  perman¬ 
ganate  solution  in  all  cases  should  be  standardized  against  a 
pure  sample  of  the  oxalate  of  that  rare  earth  which  appears 
to  be  most  abundant  in  the  mixture  concerned. 

Recommended  Procedure 

The  experimental  procedure  is  the  same  for  the  standardi¬ 
zation  of  the  permanganate  solution  against  the  oxalate  of  a 
rare  earth  of  known  atomic  weight  as  it  is  for  the  use  of  the 
permanganate  thus  standardized  in  the  determination  of  the 
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Table  II.  Comparison  of  Standardization  Methods 


Weight 

Volume 

of 

Weight 

of 

Weight 

of 

N  KMnOi 
vs. 

N  KMnOi 

Oxalate 

KMnOi 

Oxalate 

Oxide 

R.  E. 

VS. 

Oxide 

Titrated 

Used 

Ignited 

Obtained 

Oxalate 

Na2C204 

LasOa 

Gram 

0.1195 

Ml. 

51.20 

Gram 

0.2005 

Gram 

0.1178 

0.02525 

0.02494 

0 . 0782 

33.55 

0.2017 

0.1183 

0.02517 

0.02494 

0.0982 

41.00 

0.4747 

0.2761 

0.02565 

0.02545 

0.1303 

54.50 

0.6367 

0.3703 

0.02561 

0 . 02545 

NcUOa 

0.1421 

55.35 

0.1410 

0.0775 

0.02516 

0.02494 

0.1275 

49.60 

0.1912 

0.1049 

0.02514 

0 . 02494 

0.1301 

51.70 

0.5301 

0.3034 

0.02568 

0.02545 

0.1562 

62.00 

0.4457 

0.2551 

0.02571 

0.02545 

SmcOj 

0.1595 

60.70 

0.2544 

0.1410 

0.02505 

0.02494 

0.1251 

47.65 

0.2530 

0.1405 

0.02508 

0.02494 

0.2386 

89.40 

0.4198 

0.2347 

0.02566 

0.02545 

0.1043 

39.20 

0.6214 

0.3468 

0.02554 

0 . 02545 

GdaOa 

0.1528 

56.95 

0 . 5778 

0.3238 

0.02488 

0 . 02494 

0.1182 

44.10 

0 . 8658 

0.4851 

0.02485 

0.02494 

0.1784 

64.60 

0.5724 

0.3205 

0.02559 

0.02567 

0.1487 

53.85 

0.4277 

0.2394 

0.02557 

0.02567 

average  atomic  weight  of  an  unknown  mixture.  The  cal¬ 
culations  involving  data  from  the  former  operation  are  shown 
below. 

About  1  gram  of  the  pure  rare  earth  oxide  standard  (or  of  the 
unknown  oxide  mixture)  is  dissolved  in  50  ml.  of  water  containing 
7  ml.  of  15  N  nitric  acid.  After  complete  dissolution  has  oc¬ 
curred,  the  solution  is  diluted  to  100  ml.  and  heated  to  boiling 
and  the  rare  earth  oxalate  is  precipitated  by  the  slow  addition  of  a 
hot  solution  of  10  grams  of  oxalic  acid  dihydrate  in  50  ml.  of 
water. 

Since  the  presence  of  even  small  amounts  of  oxalic  acid  in  the 
precipitate  will  seriously  affect  the  final  result,  it  is  important 
that  the  oxalate  be  thoroughly  washed.  This  operation  should 
consist  of  two  washings  by  decantation  with  100-ml.  portions  of 
hot  water  followed  by  a  washing  on  a  filter,  removal  to  a  beaker, 
and  another  series  of  decantations.  After  a  final  washing  on  a 
filter  the  wet  oxalate  is  removed  to  a  beaker,  the  supernatant 
liquid  decanted,  and  the  precipitate  dried  at  110°  C.  for  8  to  12 
hours. 

From  the  partially  dehydrated  oxalate  are  removed  two  sam¬ 
ples,  each  of  about  0.2  gram,  and  these  are  accurately  weighed 
and  ignited  in  an  electrically  heated  muffle  furnace  to  constant 
weight  at  900°  C.  In  this  ignition  it  is  advisable  to  put  the 
oxalate  into  a  cold  furnace  and  to  allow  the  temperature  to  rise 
slowly,  since  the  dry  powder  is  very  easily  blown  from  the  crucible 
by  the  escaping  gases  if  rapid  heating  next  to  the  walls  is  allowed 
to  occur. 

Two  other  oxalate  samples,  each  of  about  0.15  gram,  are  re¬ 
moved,  accurately  weighed,  and  dissolved  in  20  ml.  of  warm  10  N 
sulfuric  acid.  These  solutions  are  diluted  with  100  ml.  of  water, 

'!  heated  to  90°,  and  titrated  with  standard  potassium  permanga- 
,  nate  solution.  The  normality  of  this  oxidant  is  conveniently 
:  either  0.04  or  0.025  A  ( ca .  1.26  or  0.79  gram  of  potassium  permanga¬ 
nate  per  liter  of  solution),  depending  upon  the  amount  of  pure 
materia]  available  for  standardization  as  well  as  upon  the  weight 
of  sample  available  for  the  desired  study. 

The  data  in  Table  III  illustrate  the  standardization  of  such 
|  a  permanganate  solution  against  lanthanum  oxalate. 

2La  +  30  0.1053 

3C20,  ~  xN  KMnOi  X  47 . 80  X  0 . 03601 

2  X  138.92  +  3  X  16 

3  X  72.02 

x  =  0.04056 

Results  and  Discussion 

In  order  to  examine  the  usefulness  of  the  method,  a  binary 
mixture  of  known  composition  was  prepared  and  studied. 


Accurately  weighed  amounts  of  pure  lanthanum  oxide  and 
samarium  oxide  were  taken  and  dissolved  in  nitric  acid,  the 
solutions  were  combined,  and  the  oxalates  were  precipitated 
together.  The  average  atomic  weight  of  the  rare  earth  in 
the  mixture  was  then  determined  according  to  the  recom¬ 
mended  procedure.  The  permanganate  used  was  standard¬ 
ized  against  lanthanum  oxalate,  the  principal  constituent  of 
the  mixture,  as  well  as  against  Bureau  of  Standards  sodium 
oxalate,  and  both  of  the  resulting  normalities  were  used  in 
the  calculation.  The  results  are  shown  in  Table  IV.  It 
must  be  concluded  that  the  accuracy  obtained  is  much 
greater  if  standardization  against  the  rare  earth  oxalate  is 
employed. 

The  oxalates  of  cerium,  praseodymium,  terbium,  and 
possibly  of  neodymium  yield  on  ignition  various  oxides  con¬ 
taining  some  or  all  of  the  rare  earth  in  a  higher  oxidation 
state.  Their  exact  behavior  in  mixtures  is  not 
yet  certainly  defined  nor  the  influence  of  cerium 
certainly  understood.  It  is  therefore  advisable 
to  remove  cerium  before  the  atomic  weight  is 
determined;  this  may  be  accomplished  quanti¬ 
tatively  by  the  use  of  the  iodate  method  (4)- 
Praseodymium  and  terbium  cannot  be  thus  re¬ 
moved,  so  that  their  behavior  on  ignition  must 
be  accepted,  for  the  present,  as  resulting  in  an 
unavoidable  error .  These  elements  are  rare ,  ho w- 
ever,  and  for  usual  mixtures  the  error  will  be  small. 
For  mixtures  rich  in  these  elements  the  ignition  product  may 
be  assumed  to  be  Pr6On  (2)  and  Tb407  ( 8 ).  The  behavior  of 
neodymium  under  the  prescribed  ignition  conditions  is  still 
incompletely  known,  but  it  is  certain  that  it  is  not  oxidized 
to  a  valence  higher  than  3  when  cerium  alone  is  present. 
The  influence  of  cerium  and  praseodymium  together  has  not 
yet  been  fully  investigated,  but  the  behavior  of  these  elements 
in  the  ignition  of  various  mixtures  is  being  studied  and  will 
form  the  subject  of  a  later  paper  in  this  series. 


Table  IV.  Analysis  of  a  Mixture  of  Known  Composition 


Standard 

N  KMnOi 

Atomic 

Weight 

of 

Mixture 

La 

Calcd. 

% 

Sm 

Calcd. 

% 

Actual 

La 

% 

Actual 

Sm 

% 

NaaCaOi 

LaaCCaOda 

0.02560 

0 . 02580 

143. 4sa 
142.2o & 

60.4 

71.5 

39.6 

28.5 

69.2 

69.2 

30.8 

30.8 

a  Average  of  143.78  and  143.17* 
b  Average  of  142.4s  and  141. 9i. 
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Table  III. 

Standardization  against 

Lanthanum 

Oxalate 

W  eight 

Volume 

Weight 

W  eight 

Oxide 

of 

of 

of 

Equivalent 

M.  Eq. 

Oxalate 

KMnOi 

Oxalate 

Oxide 

to  Oxalate 

of  N  of 

Sample 

Titrated 

Used 

Ignited 

Obtained 

Titrated 

C2O3  KMnOi 

Gram 

Ml. 

Gram 

Gram 

Gram 

I 

0.1792 

47.80 

0.2005 

0.1178 

0.1053 

0.03601  0.04056 

II 

0.1564 

41.70 

0.2017 

0.1183 

0.0917 

0.03601  0.04052 

Potential  Service  Performance  of  Lubricating  Oils 

Laboratory  Evaluation 

GEORGE  W.  WATERS1  and  ELDER  C.  LARSON 
Wood  River  Research  Laboratories,  Shell  Oil  Co.,  Inc.,  Wood  River,  Ill. 


The  corrosion  and  stability  apparatus  and 
method  of  test  are  introduced  as  means  for 
the  preliminary  evaluation  of  the  quality 
of  lubricants.  The  distinctive  feature  of 
the  test  is  the  use  of  a  felt  wiping  action 
on  the  bearing  surface  to  simulate  the 
action  of  the  journal  in  the  engine.  Appli¬ 
cation  of  the  test  to  twenty  oils  upon  which 


IT  IS  universally  agreed  that  the  ultimate  criterion  of 
the  quality  of  a  lubricant  is  efficient  performance  in  the 
engine  for  which  it  is  designed.  This  fact  will  remain  per¬ 
manent,  since  the  development  of  bench  methods,  wrhich  seek 
optimum  control  of  variables  and  elimination  of  extraneous 
factors,  inevitably  leads  to  departures  from  the  actual  engine. 
It  is  scarcely  possible  that  accurate  reproduction  of  an  engine 
in  its  entire  scope  will  ever  be  realized  in  a  noncombustion 
type  of  laboratory  apparatus. 

The  existence  of  many  laboratory  apparatus  and  methods 
of  test,  several  of  comparatively  recent  origin,  testifies  to  the 
need  for  means  of  evaluating  oils  which  can  cope  economically 

1  Present  address,  Shell  Oil  Company,  Inc.,  50  West  50th  St.,  New 
York,  N.  Y. 


extensive  engine  data  have  been  reported 
establishes  it  as  capable  of  predicting  the 
oxidation  stability  and  potential  corro¬ 
sivity  of  lubricants  with  accuracy  sufficient 
to  warrant  the  use  of  the  test  as  a  useful 
and  reliable  tool,  in  both  research  and 
control,  to  eliminate  much  of  the  more 
costly  and  time-consuming  engine  testing. 


and  practically  with  the  great  bulk  of  testing  required  either 
in  the  development  of  improved  lubricants  or  in  the  control 
of  oils  in  production.  Such  service  is  far  too  formidable  for 
even  small-scale  test  engines.  When  laboratory  tests  are 
available  in  such  numbers,  the  presentation  of  a  new  ap¬ 
paratus  perhaps  requires  justification.  It  is  generally  true 
that  each  test  was  developed  specifically  to  evaluate  a  par¬ 
ticular  feature  which  the  originators  deemed  important  and 
worthy  of  emphasis.  The  tests,  existent  prior  to  the  de¬ 
velopment  of  the  present  apparatus,  represented  a  wealth 
of  knowledge  and  experience  from  which  could  be  selected 
the  outstanding  feature  of  individual  cases,  for  incorporation 
into  the  new  corrosion  and  stability  apparatus.  For  example, 
severe  conditions  of  aging  lead  to  the  simultaneous  occurrence 


Figure  1.  Detail  and  Flow  Diagram  of  Corrosion  and  Stability  Apparatus 
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Figure  2.  Corrosion  and  Stability  Apparatus 

Metal  support  for  reaction  chamber  removed  and  rotor  raised 


of  oil  oxidation  and  corrosion,  a  feature  of  several  tests;  a 
large  oil  charge  facilitates  the  determination  of  products  of 
deterioration  and  evaluation  of  oxidation  stability,  an  ob¬ 
jective  of  the  Underwood  test  (11);  freedom  from  materials 
other  than  glass  and  aluminum  eliminates  stray  catalytic 
effects  and  lessens  the  cleaning  problem ;  the  use  of  a  vigorous 
stirring  action  in  the  oil  acknowledges  a  merit  common  to  the 
Indiana  stirring  oxidation  ( 5 )  and  the  MacCoull  corrosion 
(6)  tests;  venting  the  reaction  chamber  with  air  is  a  feature 
also  common  to  many  tests;  finally,  the  use  of  a  felt  wiping 
action  on  the  bearing  surface,  which  resembles  more  closely 
the  earlier  technique  of  Clower  (S)  than  that  of  the  thrust 
bearing  corrosion  machine  (10),  incorporates  a  feature  re¬ 
cently  suggested  as  essential  in  the  accurate  evaluation  of 
corrosivity  of  oils  toward  copper-lead  bearings.  In  addition, 
the  new  apparatus  and  method  of  test  have  been  designed 
to  constitute  a  durable,  inexpensive  apparatus  capable  of 
evaluating  in  5  hours  the  essential  characteristics  of  a  lubri¬ 
cant,  and  hence  are  amenable  to  either  research  or  control 
application. 

Corrosion  and  Stability  Apparatus 

I  A  major  premise  upon  which  the  present  apparatus  and 
test  are  based  is  that  it  is  possible,  empirically  and  artificially, 

I  to  age  an  oil  in  the  laboratory  in  a  manner  comparable  with 
the  aging  which  it  experiences  under  conditions  of  service. 
Rigid  control  of  the  important  variables,  temperature,  cataly¬ 
sis,  time,  and  concentration  of  reactants,  is  important  to  ob¬ 


tain  satisfactory  reproducibility.  Compatible  with  the  above 
premise,  simplicity  in  design  has  been  sought  rather  than 
reproduction  of  any  mechanical  features  of  an  engine.  It  is 
recognized,  however,  that  factors,  operative  and  influential 
in  an  engine,  must  of  necessity  remain  extrinsic  to  a  laboratory 
test — for  example,  fuel,  fuel  combustion  products,  dirt,  etc. 
The  correlation  between  laboratory  test  and  engine  is  thereby 
limited,  and  the  necessity  of  retaining  the  engine  as  a  final 
criterion  over  all  laboratory  tests  becomes  apparent.  The 
degree  of  correlation  which  has  been  obtained  between  engine 
performance  and  the  corrosion  and  stability  test  is  sufficient 
to  establish  the  latter  as  a  useful  tool  for  the  preliminary 
evaluation  of  lubricants. 

Apparatus.  The  corrosion  and  stability  apparatus  is 
illustrated  in  complete  assembly  by  diagram  in  Figure  1  and 
by  photograph  in  Figure  2.  In  Figure  3  the  glass  parts  of 
the  apparatus  are  pictured  dismantled  and  in  Figure  4  the 
metal  and  felt  units  are  similarly  illustrated. 

For  convenience  in  description,  the  apparatus  can  be 
divided  into  four  assemblies. 

Reaction  Vessel  (Figures  1  and  3).  The  reaction  vessel  is 
fashioned  out  of  two  Pyrex  beakers  of  1-  and  2-liter  capacity, 
which  are  joined  at  their  rims  by  a  ring  seal.  The  space  between 
the  beakers,  which  is  equipped  with  a  reflux  condenser,  serves  as  a 
vapor  bath  and  provides  a  convenient  and  precise  method  for 
supply  of  heat  and  control  of  temperature. 

The  heat  medium  may  be  any  material  which  has  a  constant 
boiling  point  coincident  with  the  desired  temperature  of  test. 
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Figure  3.  Glass  Equipment  of  Corrosion  and  Stability  Apparatus 

A.  Reaction  vessel  and  vapor  bath 

B.  Cover 

C.  Reflux  condenser 

D.  Combined  thermocouple  well  and  air  inlet 

E.  F,  G.  Manometric  flowmeters 


For  standard  testing,  aniline  (b.  p.  363°  F.),  conventionally 
purified  by  drying  and  redistillation,  is  most  frequently  used. 
However,  wide  ranges  of  temperature  have  been  covered  in  appli¬ 
cation  of  the  apparatus  by  use  of  the  following  materials :  water 
(212°  F.),  chlorobenzene  (270°  F.),  bromobenzene  (313°  F.), 
pseudocumene  (337°  F.),  aniline  (363°  F.),  and  naphthalene 
(424°  F.).  In  the  bottom  of  the  inner  beaker  there  is  a  square 
recess,  slightly  larger  than  2.8  X  2.8  cm.  (1.125  X  1.125  inches) 
and  about  0.6  cm.  (0.25  inch)  in  depth.  The  reaction  chamber 
is  covered  by  an  essentially  flat  glass  lid,  and  a  seal  is  effected  by 
a  flat  ground-glass  contact  between  the  lip  of  the  reaction  cham¬ 
ber  and  the  cover.  Through  the  center  of  the  cover  passes  the 
shaft  of  the  aluminum  rotor.  Also  from  the  center  of  the  cover 
extends  a  lead  to  a  water  aspirator  which  serves  to  prevent  fumes 
of  deteriorating  oil  from  being  dispersed  into  the  laboratory. 
Displaced  to  one  side  of  the  central  opening  through  the  cover 
there  is  a  female  ground-glass  joint  which  accommodates  a  com¬ 
bined  thermocouple  well  and  an  air  inlet  to  the  reaction  chamber. 
Through  this  opening,  samples  of  oil  can  be  taken,  if  desired,  with 
only  momentary  interruption  of  operation.  The  over-all  volume 
of  the  reaction  chamber  is  approximately  850  to  900  ml. 

Wiping  and  Stirring  Assembly  (Figures  1  and  4).  Into  the 
square  recess  in  the  bottom  of  the  reaction  chamber  fits  the 
aluminum  bearing  insert  holder,  called  the  “anchor”  (Figure  4, 
C),  which  consists  of  an  aluminum  disk,  from  the  bottom  of  which 
extends  a  square  protrusion  and  into  the  top  of  which  is  sunk  a 
square  recess.  The  square  protrusion  from  the  bottom  of  the 
anchor  fits  into  the  recess  in  the  bottom  of  the  reaction  chamber 
and  is  cushioned  by  a  square  felt  pad  cut  to  dimensions  and 
about  0.3  cm.  (0.125  inch)  in  thickness  (Figure  4,  B).  This  fea¬ 
ture  prevents  rotation  of  the  anchor  during  operation  and  holds 
the  bearing  insert  stationary  during  a  run.  The  recess  in  the  top 
of  the  anchor  accommodates  the  square  bearing  inserts,  2.8  X 
2.8  cm.  (1.120  X  1.120  inches),  and  of  thickness  0.25  cm.  (0.1 
inch),  sufficient  for  the  surface  of  the  bearing  to  extend  about 
0.75  cm.  (0.03  inch)  above  the  surface  of  the  anchor  (Figure  4,  D). 

Laterally  through  the  cylindrical  section  of  the  anchor  are 
bored  four  radial  holes  which  are  placed  along  two  perpendicular 
diameters.  These  conduits  converge  in  a  larger  hole  bored  co¬ 
axially  through  the  anchor.  A  hole  bored  perpendicularly 
through  the  bearing  insert  is  of  the  same  size  and  coincides  with 
the  one  extending  coaxially  through  the  anchor.  This  system  of 
ducts  through  anchor  and  bearing  insert  provides  a  means  which, 


in  conjunction  with  the  design  of  the  felt 
wiping  pad,  ensures  an  even  and  continual 
flow  of  lubricant  over  the  bearing  surface. 
The  bearing  inserts,  of  course,  can  be  of 
any  available  metal  or  alloy;  copper,  alumi¬ 
num,  lead,  copper-lead,  cadmium-nickel,  and 
lead-flashed  copper-lead  have  been  employed. 

The  wiping  and  stirring  actions  are  pro¬ 
vided  by  an  aluminum-felt  unit  which  is 
called  the  “rotor”  (Figure  4,  A).  The 
aluminum  portion  of  the  rotor  consists  of 
a  shaft  which  is  chucked  into  a  conven¬ 
tional,  bench-type  drill  press.  At  the  lower 
extremity  of  the  shaft  is  an  aluminum  disk, 
extending  up  into  the  bottom  of  which  is 
a  cylindrical  recess  placed  coaxially  with 
the  disk  and  shaft.  Extending  down  from 
the  “ceiling”  of  the  recess  are  aluminum 
spikes  which  embed  themselves  in  the  felt 
wiping  pad  (Figure  4,  E)  and  prevent  its 
slipping  during  rotation.  The  felt  wiping 
pad  is  fashioned  out  of  a  cylindrical  pad 
of  felt  of  diameter  such  that  a  snug  fit  is 
ensured  with  the  recess  in  the  rotor  and  of 
sufficient  thickness  (0.9-1.25  cm.,  0.375- 
0.5  inch)  to  extend  about  0.3  cm.  (0.125 
inch)  below  the  surface  of  the  rotor.  In 
general,  the  nature  of  the  felt  used  is  not 
critical,  a  limiting  factor  being  that  it  shall 
not  disintegrate  during  the  course  of  a  run. 
Normally,  SAE  F3  gray  backcheck  felt  (95 
to  100  per  cent  wool)  is  used;  SAE  FI 
white  backcheck  (100  per  cent  wool)  has  been 
found  satisfactory. 

On  the  face  of  the  pad,  which  wipes  the 
bearing  insert  during  operation,  is  cut  a  pat¬ 
tern  which  is  represented  in  the  diagram 
of  Figure  1,  and  shown  by  photograph  in 
Figure  4,  E.  Briefly,  this  pattern,  which  is 
cut  most  conveniently  with  a  razor  blade, 
consists  of  two  perpendicular,  triangularly 
prismatic  troughs  which  extend  along  diam¬ 
eters  of  the  surface.  In  addition  to  the  two 
troughs,  four  pie-shaped  pieces  are  cut  from  the  four  sectors 
formed  by  the  cross  of  the  troughs.  The  complete  pattern  is  cut 
to  the  same  depth,  about  2.3  mm.  (3/32  inch).  During  operation 
of  the  apparatus,  the  face  of  the  pad  rests  upon  the  bearing  insert 
and  wipes  a  circular  area  2.8  cm.  (1.125  inch)  in  diameter.  No 
weight  other  than  that  of  the  rotor-spindle  assembly  is  applied; 
in  the  apparatus  now  in  use  this  amounts  roughly  to  2.7  kg.  (6 
pounds).  As  the  machine  operates,  the  oil  on  the  surface  of  the 
bearing  is  swept  outward  through  the  troughs  in  the  felt  by 
centrifugal  force,  more  oil  is  then  pumped  up  through  the  radial 
and  coaxial  holes  of  the  anchor  and  bearing,  and  thus  continual 
contact  is  assured  between  oil  and  bearing. 

An  extremely  vigorous  stirring  action  is  imparted  to  the  oil  by 
means  of  four  aluminum  fins  located  on  the  periphery  of  the  disk 
of  the  rotor  (Figure  4,  A).  The  fins  are  placed  at  equal  distances 
and  are  pitched  at  an  angle  of  about  45°  in  such  a  manner  that 
the  oil  is  lifted  as  the  rotor  travels  in  the  clockwise  direction. 

Gas  Train  (Figure  1).  Although  any  gas  phase  can  be  swept 
through  the  apparatus,  dried  air  is  most  generally  used.  The  air 
is  passed  first  through  20°  Baume,  aqueous  sodium  hydroxide, 
then  through  concentrated  sulfuric  acid,  and  finally  through  a 
cartridge  of  glass  wool  or  cotton  to  remove  any  entrained  parti¬ 
cles.  The  flow  of  air  is  metered  by  means  of  a  manometric-type 
flowmeter.  From  the  flowmeter  the  air  passes  directly  through 
the  top  of  the  reaction  vessel  by  means  of  the  combined  thermo¬ 
couple  well  and  air  inlet.  The  air  simply  passes  through  the 
vapor  space  and  is  not  bubbled  through  the  oil;  efficient  contact 
between  air  and  oil  is  assured  by  the  vigorous  agitation  of  the  oil 
supplied  by  the  rapid  stirring.  The  air  passes  from  the  reaction 
chamber  through  the  top  of  the  reactor,  along  the  shaft  of  the 
rotor.  The  rate  of  air  flow  generally  used,  600  ml.  per  minute, 
allows  a  complete  change  of  atmosphere  approximately  once  each 
minute. 

Mounting  Accessories  (Figure  2).  For  simplicity  and  con¬ 
venience  the  corrosion  and  stability  apparatus  employs  a  conven¬ 
tional,  bench-type  drill  press.  Power  is  furnished  by  means  of  a 
1/3-hp.  motor.  Speed  of  revolution  of  the  rotor  is  determined  by 
the  characteristics  of  the  motor  and  reduction  pulleys  provided  as 
standard  features  of  the  equipment.  For  standard  testing,  a 
speed  of  1310  r.  p.  m.  is  used.  However,  variation  has  been  in¬ 
vestigated  at  660  and  2410  r.  p.  m.  Constancy  of  rotation  is 
readily  maintained  within  satisfactory  limits  ( =*=  1  per  cent  at  1310 
r.  p.  m.)  and  is  checked  periodically  by  means  of  a  tachometer. 
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Table  I.  Standard  Conditions  for  Corrosion  and  Stability 
Tests  on  Lubricants  of  SAE-10  and  30  Grades 


SAE  grade  of  lubricant 
Designation  of  test 

Temperature  (both  oil  and  bearing),  F. 
Duration  of  test,  hours 
Oil  charge,  grams 
Rotor  speed,  r.  p.  m. 

Rate  of  air  venting,  ml.  per  minute 
Bearing  insert 
Type 

Total  area,  sq.  cm. 

Area  wiped,  sq.  cm. 

Ratios 

Total  area  of  bearing  per  gram  of  oil, 
sq.  cm. 

Wiped  area  of  bearing  per  gram  of  oil, 
sq.  cm. 


10 

30 

C  and  S-10 

C  and  S-30 

363 

363 

3 

5 

225 

225 

1310 

1310 

600 

600 

Cu-Pb 

Cu-Pb 

7.89 

7.89 

6.17 

6.17 

0.0351 

0.0351 

0.0274 

0.0274 

Heat  is  supplied  to  the  vapor  bath  by  means  of  a  Chromolax  ring 
heater  of  750-watt  capacity.  The  power  supply  to  the  heater  is 
controlled  by  a  Varitran.  Variation  of  heat  output  facilitates 
more  rapid  heating  up  and  the  wide  range  of  heat  available  in¬ 
creases  the  range  of  temperature  at  which  operation  may  be  con¬ 
ducted.  The  apparatus  has  been  run  at  temperatures  ranging 
from  room  temperature  to  218°  C.  (424°  F.). 

A  simple  steel  framework,  which  can  be  of  any  convenient  de¬ 
sign,  supports  the  reaction  vessel  and  holds  it  from  slipping  under 
the  effect  of  the  high  speed  rotation.  It  has  been  found  expedient 
to  insulate  the  reaction  vessel  by  wrapping  it  with  asbestos  paper. 
More  efficient  utilization  of  heat  is  thus  realized,  as  well  as  the 
elimination  of  erratic  and  localized  overheating  or  subcooling. 
The  top  of  the  reaction  chamber  is  held  firmly  m  place  by  a 
gentle  pressure  exerted  through  a  rubber  cushion  and  a  Transite 
ring  which  is  bolted  to  the  steel  framework  by  means  of  four  bolts 
with  wing  nuts. 

The  Wiping  Action.  Whereas  in  other  features  the  cor¬ 
rosion  and  stability  apparatus  does  not  depart  markedly  in 
principle  from  earlier 
techniques,  the  nature 
of  its  felt  wiping  action 
on  the  bearing  surface 
is  distinctive.  In  agree¬ 
ment  with  Glower  (S), 
who  reported  that  a 
leather  wiping  action 
improved  the  reproduci¬ 
bility  of  corrosion  meas¬ 
urements  of  this  type, 
the  felt  wiping  action 
has  been  found  to  con¬ 
tribute  satisfactory  pre¬ 
cision.  A  felt  wiping 
action  is,  of  course, 
completely  artificial  in 
terms  of  service.  The 
conditions  existing  at 
the  bearing-journal  site 
of  an  engine  have  been 
reproduced  in  the  thrust 
bearing  corrosion  ma¬ 
chine  {10)  which  permits 
the  study  of  corrosion 
of  a  loaded  bearing  under 
conditions  essential  to 
hydrodynamic  lubrica¬ 
tion.  Loading  the  bear¬ 
ing  in  the  glass  equip¬ 
ment  of  the  corrosion 


corrosion  machine.  The  wiping  action  of  the  corrosion  and 
stability  apparatus  is  designed  to  remove  the  products  of 
corrosion  in  analogy  to  the  action  of  the  journal  in  an  engine. 
It  has  been  repeatedly  observed  that  it  does  not  interfere  with 
the  deposition  on  the  bearing  of  lacquer  films  by  oils  which  are 
noncorrosive  in  an  engine,  presumably  because  of  the  pro¬ 
tection  afforded  the  bearing  by  the  deposition  of  the  products 
of  oil  oxidation. 

Operation  of  the  Corrosion  and  Stability 
Apparatus 

Conditions  of  Test.  In  Table  I  are  listed  the  conditions 
of  test  which  have  been  usefully  employed  in  the  evaluation 
of  the  potential  service  performance  of  SAE-10  and  30- 
grade  motor  oils.  These  conditions  were  selected  as  those 
which  permitted  satisfactory  correlation  between  the  labo¬ 
ratory  test  and  the  36-hour  Chevrolet  engine  test  {1 ).  Sub¬ 
sequently,  these  tests  have  been  found  capable  of  predicting 
with  reasonable  accuracy  the  behavior  of  lubricants  in  the 
Standard  Caterpillar  and  General  Motors  Diesel  engine 
tests  (2,  4)- 

A  standard  corrosion  and  stability  test  is  conducted  under 
the  conditions  listed  in  Table  I  in  accordance  with  the  fol¬ 
lowing  simple  procedure: 

1.  The  bearing  surface  (Figure  4,  D)  is  polished  successively 
on  several  emery  papers,  the  final  polishing  being  given  with  4/0 
paper.  It  is  then  washed  with  a  light  naphtha  and  acetone, 
dried,  and  weighed  to  0.1  mg. 

2.  After  insertion  into  the  recess  of  the  reaction  chamber  of 
the  felt  cushioning  pad  and  the  aluminum  anchor  (Figure  4,  B  and 
C) ,  the  heat-transfer  medium  is  brought  to  boiling. 

3.  When  the  vapors  of  the  heat  medium  are  observed  in  the 


and  stability  test  is  im¬ 
possible  and  hence  the 
new  apparatus  does  not 
realize  this  fundamental 
aim  of  the  thrust  bearing 


Figure  4.  Metal  and  Felt  Equipment 

A.  Aluminum  rotor 

B.  Felt  cushioning  pad 

C.  Aluminum  anchor 

D.  Bearing  insert  (copper-lead) 

E.  Felt  wiping  pad 
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Table  II.  Correlation  of  C  and  S-30  with  the  36-Hour  Chevrolet  Engine  Test 


(On  the  basis  of  the  four  SAE  correlation  oils  of  30-viscosity  grade) 


SAE  Correlation 

SAE  Correlation 

SAE  Correlation 

SAE  Correlation 

Property 

Oil  B-l 

Oil  B-2 

Oil  B-3 

Oil  B-4 

Bearing  weight  loss, 

C  and  S-30 

0.81  ±  0.15  (19%) 

6.4  ±  0.2  (3.1%) 

1.44  ±  0.04  (2.8%) 

0.54  ±  0.07  (13%) 

mg.  per  sq.  cm. 

Engine  test 

16  ±  6 

54  ±40 

14  ±  6 

10  ±  9 

Rating,  C  and  S-30 

2 

4 

3 

1 

Rating,  engine 

3 

4 

2 

1 

Increase  in  neutral¬ 

C  and  S-30 

0.8  ±  0.15  (19%) 

4.8  ±  0.4  (8.3%) 

1 . 2o  ±  0.04  (3.3%) 

2.6  ±  0.1  (3.7%) 

ization  No.,  mg.  of 

Engine  test 

2.3 

5.3 

1.6 

4.6 

KOH  per  gram 

Rating,  C  and  S-30 

1 

4 

2 

3 

Rating,  engine 

2 

4 

1 

3 

Increase  in  viscosity 

C  and  S-30 

68  ±  12  (18%) 

160  ±  14  (8.8%) 

24  ±  2  (8.4%) 

287  ±  19  (6.6%) 

at  100°  F„  S.  U. 

Engine  test 

490 

373 

91 

1040 

seconds 

Rating,  C  and  S-30 

2 

3 

1 

4 

Rating,  engine 

3 

2 

1 

4 

Naphtha-insolubles, 

C  and  S-30 

0.00-0.01 

0.01-0.02 

0.00-0.01 

1.17  ±0.01  (0.9%) 

%  by  weight 

Engine  test 

1.72 

0.78 

0.45 

2.81 

Rating,  C  and  S-30 

— 

- 

- 

4 

Rating,  engine 

3 

2 

1 

4 

Chloroform-solubles, 

C  and  S-30 

<0.01 

<0.01 

0.00-0.01 

1.16  ±  0.01  (0.9%) 

%  by  weight 

Engine  test 

1.38 

0.48 

0.12 

2.57 

Rating,  C  and  S-30 

— 

— 

— 

4 

Rating,  engine 

3 

2 

1 

4 

Increase  in  Conradson 

C  and  S-30 

0.17 

0.92  ±  0.8  (8.7%) 

0.34  ±  0.04  (12%) 

1.02  ±  0.03  (2.9%) 

carbon  residue,  % 

Engine  test 

2.16 

2.25 

1.29 

2.56 

by  weight 

Rating,  C  and  S-30 

1 

3 

2 

4 

Rating,  engine 

2 

3 

1 

4 

Figure  5.  Correlation  Data  between  C  and  S-30  and 
36-Hour  Chevrolet  Engine  Test 


reflux  condenser,  225  grains  of  the  test  oil  are  introduced  into  the 
reaction  chamber. 

4.  The  oil  is  judged  to  be  sufficiently  heated  for  introduction 
of  the  bearing  when  vapors  are  again  observed  in  the  reflux  con¬ 
denser.  The  weighed  bearing  is  then  fitted  into  position.  In  the 
case  of  opaque  oils,  a  Nessler  tube  is  conveniently  employed  as  a 
spyglass,  facilitating  visual  observation  when  the  closed  end  is 
held  down  against  the  anchor. 

5.  After  the  bearing  has  been  put  into  place,  the  apparatus  is 
completely  assembled.  The  rotor  in  which  a  fresh  felt  wiping  pad 
has  been  placed  is  rested  on  the  bearing  (Figure  4,  A  and  E),  and 
the  cover  (Figure  3,  B),  rubber  cushioning  ring,  and  Transite 
clamping  ring  are  assembled  and  clamped  into  position  with  the 
four  wing  nuts  (Figure  2).  The  shaft  of  the  rotor  is  chucked  into 
the  drill-press  spindle  and  the  rotor  is  gently  lowered  until  it 
rests  on  the  bearing.  At  this  point  the  motor  is  started  to  test 
the  apparatus;  if  everything  is  in  order,  operation  will  proceed 
smoothly.  Occasionally  the  wiping  pad  will  become  displaced 
from  its  recess  in  the  rotor;  this  can  be  detected  when  the  stirring 
mechanism  is  started  and  can  be  immediately  rectified.  The 
combined  thermocouple  well  and  air  inlet  is  set  into  place,  and,  to 
avoid  freezing,  its  ground-glass  joint  is  lubricated  with  the  oil 
under  test.  The  stirrer  should  not  be  set  into  motion  with  the 
rotor  raised,  since  the  fins  may  not  clear  the  thermocouple  well 
and  breakage  will  result. 

6.  A  few  minutes,  about  10  to  15,  are  allowed  after  assembling 
the  apparatus  for  the  oil  to  come  back  to  temperature  after 
cooling  during  exposure  to  atmosphere  during  the  introduction  of 
the  bearing.  Again  this  can  be  judged  by  appearance  of  reflux 
in  the  condenser.  Temperature  readings  are  taken  on  a  Leeds  & 
Northrup  indicating  potentiometer,  the  thermocouple  having 
been  set  in  place.  To  obtain  representative  temperature  meas¬ 
urements,  stirring  should  be  in  operation,  since  the  thermocouple 
well  may  not  be  sufficiently  immersed  in  the  oil  otherwise.  When 
reflux  is  again  well  up  in  the  condenser,  the  air  flow  is  started  and 
adjusted  to  the  desired  rate  by  means  of  the  calibrated  mano- 
metric  flowmeter,  the  stirring  started,  and  zero  time  recorded. 
The  equilibrium  temperature  is  usually  attained  in  from  3  to  5 
minutes.  Finally,  the  suction  is  supplied  to  the  exit  from  the 
reaction  chamber  (by  water  aspirator)  to  prevent  dispersing  into 
the  laboratory  the  fumes  of  deteriorating  oil. 

7.  Normally  very  little  attention  is  required  by  the  corrosion 
and  stability  apparatus  during  the  course  of  the  run.  Routine 
checks  are  made  periodically  of  the  temperature,  air  flow,  and 
water  flow  through  the  condenser  and  any  necessary  adjustments 
made. 

8.  At  the  termination  of  a  run,  the  supply  of  heat  to  the  vapor 
bath  is  discontinued,  the  air  flow  is  stopped,  and  the  suction 
which  has  drawn  off  vapors  from  the  reaction  vessel  is  cut  off. 
However,  flow  of  cooling  water  through  the  condenser  is  allowed 
to  continue  until  the  heat  medium  has  cooled  well  below  boiling. 
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Table  III.  Correlation  of  C  and  S-10  with  the  36-Hottr  Chevrolet  Engine  Test 


(On  the  basis  of  the  four  SAE  correlation  oils  of  10-viscosity  grade) 


Property 

SAE  Correlation 
Oil  B-ll 

Searing  weight  loss, 
mg.  per  sq.  cm. 

C  and  S-10 

Engine  test 

Rating,  C  and  S-10 
Rating,  engine 

0.79  ±0.02  (2.5%) 
12  ±  3 

2 

3 

ncrease  in  neutral¬ 
ization  No.,  mg.  of 
KOH  per  gram 

C  and  S-10 

Engine  test 

Rating,  C  and  S-10 
Rating,  engine 

0.9  ±  0.1  (11%) 
1.8 

1 

1 

ncrease  in  viscosity 
at  100°  F.,  S.  U. 
seconds 

C  and  S-10 

Engine  test 

Rating,  C  and  S-10 
Rating,  engine 

24  ±  3  (12%) 
316.3 

1 

4 

Japhtha-insolubles, 

%  by  weight 

C  and  S-10 

Engine  test 

Rating,  C  and  S-10 
Rating,  engine 

0.04  ±  «  0.005) 
2.42 

1 

4 

'hloroform-solubles, 

1  %  by  weight 

C  and  S-10 

Engine  test 

Rating,  C  and  S-10 
Rating,  engine 

0.015  ±  0.00s 
1.68 

1 

3 

ncrease  in  Conradson 
carbon  residue,  % 
by  weight 

C  and  S-10 

Engine  test 

Rating,  C  and  S-10 
Rating,  engine 

0.12  ±  0.02  (17%) 
2.26 

1 

4 

SAE  Correlation 

SAE  Correlation 

SAE  Correlation 

Oil  B-12 

Oil  B-13 

Oil  B-14 

1.7  ±  0.2  (12%) 

0.8 

±0.2  (25%) 

0.24  ±  0.05  (21%) 

50  ±  28 

8  ±  3 

2  ±  1 

4 

2 

1 

4 

2 

1 

2.8  ±  0.2  (7.1%) 

1.2s 

±  0.0s  (4.0%) 

1.7  ±  0.3  (18%) 

6.4 

1.95 

4 . 5 

4 

2 

3 

4 

2 

3 

38  ±  5  (13%) 

28 

±2  (7.1%) 

23  ±  6  (26%) 

198.1 

47.1 

162.3 

4 

3 

1 

3 

1 

2 

0.32  ±  0.02  (6.3%) 

0.26 

±  0.06  (23%) 

0.62  ±  0.02  (3.2%) 

1 . 16 

0.80 

1 . 95 

3  (2)a 

2  (1)“ 

4  (3)“ 

2  (2)° 

1  (l)a 

3  (3)° 

0.27  ±  0.01  (3.7%) 

0.22 

±  0.02  (9.1%) 

0.58  ±0.04  (6.9%) 

0.49 

0.18 

1.89 

3  (2)a 

2  (1)“ 

4  (3)° 

2  (2)° 

1  (1)° 

4  (3)° 

0.375  ±0.005  (1.3%) 

0.12 

±  0.04  (33%) 

0.4  ±0.1  (25%) 

1.89 

0.95 

1.67 

3 

1 

4 

3 

1 

2 

*  Figures  in  parentheses  represent  relative  ratings  if  oil  B-l  1  is  eliminated  from  consideration. 


'he  apparatus  is  disassembled  immediately,  and  the  oil  is  si- 
honed  from  the  reaction  vessel.  These  manipulations  are  made 
nmediately  at  the  completion  of  a  run,  since  it  is  considered  im- 
ortant  to  keep  at  a  minimum  the  “overexposure”  of  the  bearing 
io  the  hot  deteriorated  oil. 

9.  After  removal  from  the  apparatus,  the  bearing  insert  is 
i rashed  in  solvents  as  it  was  prior  to  its  initial  weighing.  Adher- 
lg  particles  of  sludge  are  removed  by  gentle  swabbing  with  cot- 
on,  but  no  abrasion  severe  enough  to  cause  erosion  of  metal  is 
mployed.  When  clean,  the  surface  of  the  bearing  is  examined 
isually  for  evidence  of  erosion  or  uneven  wiping.  Erosion  is 
idicated  by  deep  concentric  scratches  in  the  surface,  whereas 
neven  wiping  results  ia  polished  areas  unevenly  distributed  on 
he  “high”  areas  of  the  surface.  When  dry,  the  bearing  is  re- 
reighed  to  evaluate  the  extent  of  corrosion  which  has  occurred 
uring  the  run. 

10.  The  aged  oil  is  subjected  to  analysis  for  properties  which 
re  regarded  conventionally  as  measures  of  extent  of  deteriora- 
on— e.  g.,  neutralization  number,  saponification  number — in- 
rease  in  viscosity,  and  naphtha-insolubles. 

,  Cleaning  the  Apparatus.  The  apparatus  is  thoroughly 
eaned  after  each  run.  While  still  warm,  the  reaction  vessel 
>  first  swabbed  out  with  dry  cotton.  Kerosene  is  then 
itroduced  and  the  walls  of  the  vessel  are  briskly  rubbed  with 
otton.  Successive  washes  then  follow  with  naphtha  and 
cetone  until  the  solvents  remain  uncolored.  The  cover, 
otor,  and  anchor  are  likewise  washed  with  kerosene,  naph- 
;ha,  and  acetone.  Both  felt  cushioning  pad  and  felt  wiping 
ad  are  discarded  after  each  run. 

Occasionally  it  is  necessary  to  employ  more  drastic  clean- 
lg  procedures.  The  metal  parts  can  be  abraded  -with 
teel  wool,  care  being  taken  to  rinse  off  all  metal  particles 
fter  such  treatment.  Steel  wool  is  never  used  on  the  re- 
ction  vessel;  rather  a  prolonged  exposure  to  bichromate- 
ilfuric  acid  cleaning  solution  is  employed.  This  can  be 
tlectively  accomplished  by  filling  the  vessel  with  the  acid 
nd  bringing  the  vapor  bath  to  reflux. 

Experimental  Results 

In  their  development  the  standard  corrosion  and  stability 
jsts  were  correlated  with  the  36-hour  Chevrolet  engine  test, 
nee  considerable  data  (7)  are  available  from  the  recent  cor- 
dation  program  carried  out  among  several  laboratories  on 
ais  engine  test  under  the  supervision  of  the  subcommittees 


Figure  6.  Correlation  Data  between  C  and  S-10  and 
36-Hour  Chevrolet  Engine  Test 
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Table  IV.  Corrosivity-Zone  Schedule  for  Judging  Poten¬ 
tial  Corrosivity  of  Lubricants  from  Results  of  Corrosion 
and  Stability  Tests 


stability  on  10-grade  oils  and  the  36-hour  Chevrolet  engine 
test. 


W eight  Loss  of  Cu-Pb  Bear¬ 
ing  Insert  in  C  and  S  Test 


Zone 

Description 

SAE-10  oils  SAE-30  oils 

Mg.  per  sq.  cm. 

i 

Noncorrosive 

<0.5 

<0.75 

ii 

Borderline  to  mildly  corrosive 

0. 5-1.0 

0.75-1.5 

hi 

Mildly  corrosive  to  corrosive 

1.0-1. 5 

1. 5-2.0 

IV 

Excessively  corrosive 

>1.5 

>2.0 

of  Sub-Division  B  of  the  Lubricants  Division  of  the  Society 
of  Automotive  Engineers. 

Correlation  of  C  and  S-30  with  the  36-Hour  Chev¬ 
rolet  Engine  Test.  In  Table  II  and  Figure  5  are  presented 
the  correlation  data  for  corrosion  and  stability  on  30-grade 
oils  and  the  36-hour  Chevrolet  engine  test. 


A  relatively  high  order  of  precision  is  maintained  in  C  and 
S-10;  average  error  for  these  data  is  ±13.4  per  cent.  Ample 
margin  is  provided  to  differentiate  readily  between  oils  of  reason¬ 
ably  different  quality. 

The  C  and  S-10  rated  oils  B-ll  and  B-13  of  equal  corrosivity 
within  the  precision  of  the  test,  whereas  the  engine  test  rated 
B-ll  more  corrosive  than  B-13.  However,  as  can  be  judged  from 
the  precision  figures  for  the  engine  tests  (included  in  Table  III)  the 
ranges  in  corrosivity  covered  by  both  oils  are  sufficient  to  permit 
a  reversal. 

Correlation  between  laboratory  and  engine  tests  on  viscosity 
increase  is  poor;  however,  development  of  naphtha-insolubles, 
chloroform-solubles,  and  increase  in  carbon  residue  agree  satis¬ 
factorily  with  the  one  exception  of  oil  B-ll. 

As  in  the  case  of  the  30-grade  oils,  here  again  there  is  no  correla¬ 
tion  between  development  of  neutralization  number  and  corrosiv¬ 
ity. 


The  precision  of  C  and  S-30  is  strikingly  good  for  this  type  of 
test,  as  concerns  both  potential  corrosivity  and  oil  deterioration. 
Average  error  for  these  data  expressed  as  average  deviation  from 
the  mean  is  ±8.2  per  cent. 

Some  reversals  will  be  observed.  Oils  B-l  and  B-3  are  re¬ 
versed  by  the  laboratory  test  from  their  relative  ratings  in  the 
engine  in  respect  to  corrosivity,  increase  in  neutralization  num¬ 
ber,  and  increase  in  carbon  residue,  and  B-l  and  B-2  are  reversed 
as  concerns  increase  in  viscosity.  The  reversal  of  B-l  and  B-3 
in  corrosivity  is  not  considered  serious,  since  one  third  of  the 
participating  engine  laboratories  either  rated  these  oils  in  the 
same  order  as  did  the  C  and  S-30  or  rated  them  as  equal.  Fur¬ 
ther,  the  averages  for  all  engine  laboratories  on  the  corrosivity  of 
these  two  oils  separated  them  by  only  14  per  cent  of  the  lower 
figure  (16  mg.  per  sq.  cm.  for  B-l,  14  mg.  per  sq.  cm.  for  B-3) 
which  is  well  within  the  precision  of  the  engine  test.  The  reversal 
of  B-l  and  B-2,  in  respect  to  increase  in  viscosity,  occurs  again 
with  two  oils  on  which  the 


Tables  II  and  III  indicate  that  extent  of  corrosivity  and  oil 
deterioration  in  the  corrosion  and  stability  tests  falls  short 
of  that  in  the  engine  test.  Standard  conditions  have  been 
selected  deliberately  to  maintain  deterioration  in  the  labo¬ 
ratory  test  less  severe  than  that  in  the  engine,  since  the  con¬ 
verse  might  be  expected  to  imperil  the  validity  of  the  test. 
Furthermore,  it  can  be  judged  impossible  to  find  a  single  set 
of  conditions  which  would  deteriorate  all  oils  to  the  same 
extent  as  does  the  engine,  since  the  ratio  between  deteriora¬ 
tion  in  the  corrosion  and  stability  apparatus  and  the  engine 
is  not  constant  for  different  oils.  For  example,  increase  in 
severity  of  conditions  in  the  laboratory  test  sufficient  to 
increase  the  neutralization  number  change  for  oil  B-l  to  its 
value  in  the  engine  (from  0.8  to  2.3)  would  be  expected  to 
cause  the  deterioration  of  oils  B-2  and  B-3  to  exceed  that 


was 


least  differentiation 
made  by  the  engine. 

The  C  and  S-30  found 
most  difficult  the  repro¬ 
duction  of  engine  perform¬ 
ance  as  regards  formation 
of  sludge  and  insoluble 
bodies  in  these  oils.  It  is 
logical  that  the  interfering 
factors  attributable  to  the 
fuel,  fuel  combustion  prod¬ 
ucts,  dust,  and  dirt,  in¬ 
fluential  in  the  engine  but 
absent  in  the  laboratory 
test,  will  concentrate  their 
effect  in  regard  to  this 
particular  manifestation  of 
deterioration.  Neverthe¬ 
less,  it  is  evident  that  C 
and  S-30  distinguishes  B-4 
as  the  worst  oil  in  regard 
to  naphtha-insolubles, 
chloroform-solubles,  and  in¬ 
crease  in  carbon  residue. 

Neither  the  corrosion  and 
stability  nor  the  engine  test 
rates  the  corrosivity  of  the 
oils  in  the  same  order  as 
in  development  of  neutrali¬ 
zation  number.  Thus, 
further  evidence  is  pro¬ 
vided  of  the  inadequacy 
of  neutralization  number 
as  a  criterion  of  the  de¬ 
velopment  of  corrosivity. 


Table  V.  C  and  S-30  Data  and  Engine  Data 

[On  Group  I  oils  (SAE-40  grade)  of  S.  A.  E.  Crankcase  Oil  Stability  Research  Committee] 


Oil 

Oil 

Oil 

Oil 

Oil 

Oil 

4 

5 

6 

7 

8 

9 

C  and  S-30  Data 

Cu-Pb  weight  loss, 

mg.  per  sq.  cm. 

0.50  ±  0 . 08 

0.68  ±  0 . 1  6 

2.0  ±  0.3 

O 

CO 

±  O.lo 

0.93 

±  O.lo 

1 

o 

o 

00 

H- 

o 

o 

to 

a 

Relative  rank 

A  Neutralization  No., 

3 

3 

6 

2 

5 

l 

mg.  of  KOH  per 
gram 

0.9  ±0.2 

1.75  ±0.05 

2.8  ±  0.7 

2.5 

±  0.2 

1.9 

±0.2 

-(0.2  ±  0.0)6 

Relative  rank 

A  Saponification  No., 

2 

3 

5 

5 

3 

1 

mg.  of  KOH  per 
gram 

7  ±2 

3.3  ±0.4 

6.8  ±  0.9 

5.3 

±1.7 

3.5 

±1.0 

-(0.75  ±  0.05)6 

Relative  rank 
Viscosity  increase  at 

5 

2 

5 

4 

2 

1 

100°  F„  % 

20  ±  3 

63  ±4 

40.5  ±0.5 

8o 

±  lo 

92 

±  6 

2.1  ±  0.0 

Relative  rank 

N  aphtha-insoluble. 

2 

4 

3 

4 

6 

1 

% 

0.01-0.02 

1.42  ±  0.04 

0.03-0.04 

1.6 

±0.2 

1.79 

±  0.07 

0.04 

Relative  rank 
Over-all  relative 

1 

4 

2 

5 

5 

2 

rank  c 

2 

3 

5 

4 

6 

1 

Report  of  S. 

A.  E.  Crankcase  Oil  Stability 

Research  Committee  (8) 

Over-all  relative  rat¬ 

ings  on  basis  of 
test  engine 

2 

3 

4 

6 

4 

1 

Relative  service  rat¬ 

ings 

2 

4 

6 

3 

5 

1 

Oil  No. 


Service  Description 


Correlation  of  C 
and  S-10  with  the  36- 
Hour  Chevrolet  En¬ 
gine  Test.  In  Table 
III  and  Figure  6  are  pre¬ 
sented  the  correlation 
data  for  corrosion  and 


A  very  good  oil  but  not  quite  so  good  as  the  best 

Judged  not  to  be  a  good  oil  because  of  sludging  and  ring  sticking  tendencies 

Because  of  insufficient  service  data,  it  is  impossible  to  rate  this  among  other  oils.  Shown  in  labora¬ 
tory  to  be  stable  at  low  temperature,  but  sticks  rings  quickly  at  high  temperature. 

Sludges  too  quickly  to  be  considered  among  best  oils 

A  very  poor  oil  which  had  caused  every  sort  of  trouble  generally  considered  to  arise  from  lack  of 
stability;  a  bad  sludge  maker  and  ring  sticker;  unquestionably  this  oil  has  the  poorest  service 
record  of  the  lot. 

Free  from  ring  sticking  and  troubles  arising  from  lack  of  stability 


a  Gain. 

6  Loss. 

c  This  ranking  empirically  established  as  follows:  corrosivity  and  naphtha-insoluble  rankings  weighted  each 
as  unity;  A  neutralization  No.,  A  saponification  No.,  and  viscosity  increase  rankings  weighted  each  as  one  third. 
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Table  VI.  C  and  S  Data  and  Engine  Data 

[On  group  III  oils  (SAE-20  grade)  of  the  S.  A.  E.  Crankcase  Oil  Stability  Research  Committee] 

, - Oil  13 - ■  - - Oil  14 - -  - - Oil  15— 


C  and  S  Data 


sst  used 

u-Pb  weight  loss,  mg. 

per  sq.  cm. 

Relative  rank 
Neutralization  No.,  mg. 

of  KOH  per  gram 
Relative  rank 
Saponification  No.,  mg. 

of  KOH  per  gram 
Relative  rank 
scosity  increase  at 
100°  F.,  % 

Relative  rank 
iphtha-insoluble,  % 
Relative  rank 
er-all  relative  rank  b 


C  and  S-10 

C  and  S-30 

C  and  S-10 

C  and  S-30 

C  and  S-10 

C  and  S-30 

0.32  ±0.00 

0.64 

0.28  ±  0.05 

0.39 

2.36  ±0.02 

4.3 

1 

2 

1 

1 

3 

3 

2.0  ±  0.2 

3.0 

0.25  *  0.05 

0.5 

5.0  ±0.6 

11.4 

2 

2 

1 

1 

3 

3 

3.4  ±0.0 

5 . 6 

-(0.6  ±  0.2)“ 

3.7 

19  ±  3 

28 

2 

2 

1 

1 

3 

3 

46  ±  2 

87 

2.4  ±  0.0 

4.6 

53  ±  6 

280 

2 

2 

1 

1 

3 

3 

1.3  ±0.1 

1.7 

0 . 02-0 . 04 

0.02 

0.01 

0.06 

3 

3 

2 

1 

1 

2 

2 

2 

1 

1 

3 

3 
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er-all  relative  ratings 
on  basis  of  test  engines 
latiVe  service  ratings 


3  (close  to  No.  15) 


,3il  No. 

13 

14 

15 


1 

1  (much  the  best) 
Service  Description 


2  (close  to  No.  13) 


An  oil  generally  rated  of  low  stability;  in  sludge  forming  and  ring  sticking,  its  behavior  is  not 

An  oil  which  has  shown  very  good  oxidation  stability  characteristics;  under  both  severe  and 
long-time  mild  conditions  stability  has  been  satisfactory  in  both  gasoline  and  Diesel  equipment 
and  engine  deposits  relatively  small.  ,.  ,  ,  ,  ., 

An  oil  of  medium  stability;  has  worked  out  successfully  in  a  wide  field  of  application,  but  fails 
under  severe  operating  conditions. 


This  ranking  empirically  established  as  follows:  corrosivity  and  naphtha-insoluble  rankings  weighted  each  as 
ity;  A  neutralization  No.,  A  saponification  No.,  and  viscosity  increase  rankings  weighted  each  as  one  third. 


itained  in  the  engine.  Of  course,  an  interfering  factor  in 
<is  concern  is  the  practice  of  adding  make-up  oil  during  the 
igine  test,  a  feature  which  is  influential  in  determining  the 


Table  VII.  C  and  S-30  Data  and  Engine  Data 
i  group  IV  oils  (SAE-60  grade)  of  S.  A.  E.  Crankcase  Oil  Stability  Research 


Committee] 

Oil 

Oil 

Oil 

16 

17 

18 

C  and  S-30  Data 

.-Pb  weight  loss,  mg.  per  sq. 
cm.  0.72  =*=0.17 

0.3s  ±  O.li 

0.13  ±  0 

{elative  rank 

3 

2 

1 

1  eutralization  No.,  mg.  of 
KOH  per  gram 

1.8  ±  0.6 

0.3o  ±0.05 

0.1  ±  0 

relative  rank 

3 

2 

1 

Aiponifieation  No.,  mg.  of 
KOH  per  gram 

11.4  ±  0.3 

5.6  ±1.1 

0.6  ±  0 

lelative  rank 

3 

2 

1 

cosity  increase  at  100°  F.,  % 

45  ±  7 

9.5  ±0.5 

0-1 

.elative  rank 

3 

2 

1 

)htha-insolublea,  % 

0.03-0.04 

0 . 02-0 . 03 

0.04 

elative  rank 

1 

1 

1 

Ir-all  relative  rank“ 

3 

2 

1 
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r-all  relative  rating  on  basis 

3 

2 

1 

f  test  engines 
ative  service  ratings 

2 

3 

1 

No. 

Service  Description 

6  An  oil  of  medium  stability  characteristics;  reasonably  satis¬ 

factory  under  a  fairly  wide  range  of  operating  conditions 
but  not  entirely  suitable  for  all  types  of  operation 
An  oil  of  low  stability  characteristics;  capable  of  reasonably 
satisfactory  performance  under  relatively  easy  service  con¬ 
ditions;  distinctly  unsatisfactory  in  high  performance 
engines  in  moderately  severe  service 
8  An  oil  of  high  stability;  superior  from  standpoint  of  lacquer, 

sludge,  and  ring  sticking;  possesses  high  stability  rating 
over  widest  possible  service  range 


extent  of  oil  deterioration 
as  measured  by  the  proper¬ 
ties  of  the  final  oil  sample. 
A  more  satisfactory  ex¬ 
pedient  would  be  to  meas¬ 
ure  deterioration  as  a 
function  of  time.  This  is 
conveniently  achieved  in 
corrosion  and  stability 
tests  by  sampling  the  oil 
charge  at  intervals  during 
a  run.  The  importance 
of  time  as  a  variable  in¬ 
fluential  among  the  factors 
affecting  oil  deterioration 
and  bearing  corrosion  is 
discussed  in  a  companion 
communication  (12). 

Definition  of  Per¬ 
missible  Limits  of  Cor¬ 
rosivity.  From  the  data 
of  Tables  II  and  III  a 
scale  for  rating  the  po¬ 
tential  corrosivity  of 
lubricants  of  these  two 
viscosity  grades  has 
been  drawn  up.  It  is, 
of  course,  recognized  that 
no  sharp  line  of  de- 
markation  between  non- 
corrosive  and  corrosive  oils 
can  be  made.  Judgment  is  based,  rather,  on  “zones”  of 
corrosivity  in  accordance  with  the  schedule  outlined  in 
Table  IV.‘ 

Evaluation  in  Corrosion  and  Stability  Apparatus 
of  Lubricants  Circulated  by  S.  A.  E.  Crankcase  Oil 
Stability  Committee  ( 8 ,  5).  With  the  conditions  of  test 
selected  upon  the  basis  of  the  results  obtained  on  the  B  oils 
as  described  above,  various  correlation  oils  selected  by  the 
S.  A.  E.  Crankcase  Oil  Stability  Research  Committee  have  been 
studied  in  the  corrosion  and  stability  apparatus,  since  they 
provided  further  opportunity  to  ascertain  the  accuracy  with 
which  the  laboratory  test  predicts  engine  service.  Oils  of 
SAE-40  grade  (Nos.  4  through  9)  and  of  SAE-60  grade  (Nos. 
16  through  18)  were  subjected  to  conditions  of  test  selected 
for  SAE-30  grade  oils  (C  and  S-30);  oils  of  SAE-20  grade 
(Nos.  13  through  15)  were  tested  under  the  conditions  of 
both  C  and  S-10  and  C  and  S-30.  It  was  elected  to  examine 
these  oils  under  both  the  milder  and  more  severe  conditions, 
since  no  set  of  conditions  has  been  established  for  20-viscosity 
grade  oils,  because  of  the  lack  of  engine  data  of  the  desired 
scope  as  provided  in  the  B  oils  of  the  S.  A.  E.  committee. 

In  Table  V  are  presented  the  results,  both  from  the  engine 
and  C  and  S-30  studies  on  the  SAE-40  grade  oils.  In  each 
case  the  relative  ratings  as  established  by  the  corrosion  and 
stability  test  agree  either  equally  well  or  more  closely  with 
the  service  ratings  than  do  the  over-all  ratings  based  upon 
the  performance  of  the  oils  in  the  test  engines.  Oils  5,  7,  and 
8,  which  are  described  as  sludging  oils  in  service,  tended  to  de¬ 
velop  excessive  amounts  of  naphtha-insolubles  in  the  laboratory 
test.  In  regard  to  corrosivity,  if  the  scale  developed  for 
SAE-30  grade  oils  be  employed,  distribution  of  the  six  oils 
among  the  various  zones  of  corrosiveness  is  as  follows: 


tThis  ranking  empirically  established  as  follows:  corrosivity  and  naph- 
insoluble  rankings  weighted  each  as  unity;  A  neutralization  No., 
ponification  No.,  and  viscosity  increase  rankings  weighted  each  as  one 
~  d. 


Zone  I 
Zone  II 

Zone  III 


Oils  4,  5,  7,  9 
Oil  8 

Oil  6 


Noncorrosive 
Borderline  to  mildly 
corrosive 

Mildly  corrosive  to 
corrosive 
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Two  of  the  four  oils  which  fall  in  the  non 
corrosive  zone  I  (oils  5  and  7)  nevertheles 
display  considerable  tendencies  to  develop  acid 
as  judged  by  neutralization  number.  Thei 
failure  to  become  corrosive  may  be  attribute' 
to  deposition  of  protective  films  on  the  bearin 
surface;  this  is  compatible  with  their  develop 
ment  of  high  naphtha-insolubles. 

Table  VI  lists  the  data  on  the  SAE-20  grad 
oils.  The  laboratory  test  rated  the  three  oil 
in  the  same  order  under  both  the  milder  an 
more  severe  conditions.  It  is  felt,  since  in  th 
S.  A.  E.  committee’s  report  (9)  it  is  emphasize 
that  these  oils  are  moderate-duty  lubricants  an 
not  designed  for  heavy-duty  service,  that  th 
milder  conditions  of  test  are  more  appropriah 
This  is  substantiated  by  the  fact  that  unde 
the  more  severe  conditions,  oil  15  is  oxidize 
more  severely  in  the  laboratory  test  than  i 
the  engine.  The  practice,  however,  of  testin 
SAE-20  grade  lubricants  under  the  condition 
of  C  and  S-10  is  by  no  means  generally  en 
ployed.  For  heavy-duty,  all-purpose  oils,  it  i 
preferred  to  apply  the  more  severe  condition 
of  test,  since  there  is  thus  provided  a  factor  c 
safety  compatible  with  the  service  the  lubr 
cant  may  be  called  upon  to  render. 

Consideration  of  the  order  of  rating  by  th 
corrosion  and  stability  tests  reveals  that  oil  1 
is  definitely  superior  to  oils  13  and  15,  whic 
is  consistent  with  both  the  test  engine  an 
service  ratings.  In  regard  to  these  latter  tw 
oils,  it  may  be  judged  that  No.  13  would  b 
unsatisfactory  from  sludging  trouble  and  N< 

15  affords  insufficient  protection  against  com 
sion  of  copper-lead  bearings.  The  relativel 
great  deterioration  of  oil  15  exhibited  by  hig 
neutralization  number,  saponification  numbe 
and  viscosity  increase  is  due  probably  in  pai 
at  least  to  catalysis  by  metal  removed  from  th 
copper-lead  bearing.  Severe  oil  oxidation  is  fr< 
quently  observed  accompanying  high  weigl 
loss  with  this  type  of  bearing.  In  the  absenc 
of  this  factor  of  catalysis,  the  differentiation  ol 
tained  in  the  corrosion  and  stability  tests  b< 
tween  oils  13  and  15  with  respect  to  stabilit 
would  probably  not  be  so  marked.  Corrosivit 
ratings,  in  accordance  with  the  zone  scheduh 
of  Table  IV  for  the  20-grade  oils,  are: 

Zone  I  Oils  14,  13  Noncorrosive 

Zone  IV  Oil  15  Excessively  corrosive 

It  may  be  judged  that  oil  13  fails  to  b< 
come  corrosive  through  the  protection  afforde 
to  the  bearing  surface  by  the  deposition  ( 
products  of  oil  oxidation  (naphtha-insolubles). 

In  Table  VII  are  presented  the  results  ot 
tained  upon  the  oils  of  SAE-60  viscosity  grad< 
It  will  be  seen  that  the  corrosion  and  stabilit 
test  and  the  test  engines  rate  these  three  oil 
in  the  same  order,  whereas  both  show  a  r< 
versal  with  respect  to  the  service  ratings  of  oil 

16  and  17.  This  reversal  may  be  due  to  th 
selection  of  insufficiently  severe  conditions  fc 
the  laboratory  test  properly  to  evaluate  lubr 
cants  of  this  high  viscosity  grade.  It  appeal 
likely,  however,  that  greater  difference  in  qualit 
exists  between  oil  18  and  either  of  oils  16  an 
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7  than  exists  between  oils  16  and  17  themselves,  and  this 
i  clearly  disclosed  by  the  corrosion  and  stability  test.  All 
jrree  SAE-60  grade  oils  rate  as  noncorrosive  (zone  I  on  the 
phedule  for  30-grade  oils).  Nevertheless,  there  is  sufficient 
ariation  among  the  corrosivities  of  the  three  lubricants 
>r  definite  individual  differentiation  well  outside  the  preci- 
,on  of  the  laboratory  test. 

Heavy-Duty  All-Purpose  Lubricants.  An  application 
i  which  the  corrosion  and  stability  apparatus  has  been  use- 
illy  employed  is  the  preliminary  examination  of  lubricants 
nor  to  protracted  approval  tests  in  heavy-duty  type  engines, 
rom  the  experience  gained  thus  far,  it  has  been  judged  that 
ie  corrosion  and  stability  characteristics  of  oils  can  be 
•edicted  with  reasonable  accuracy  on  the  basis  of  the 
>ne  schedules  drawn  up  in  Table  IY  and  analysis  of  aged 
Is. 

Table  VIII  presents  data  on  several  heavy-duty,  all- 
irpose  lubricants  of  both  SAE-10  and  30  grades  which  have 
;en  evaluated  in  the  corrosion  and  stability  test  and  an 
igine  test.  Excellent  agreement  will  be  observed  between 
e  corrosivity  predicted  from  the  corrosion  and  stability 
st  and  that  observed  in  the  engine.  In  some  cases  oxidation 
more  severe  in  the  laboratory  test  than  in  the  engine,  as 
dged  by  the  properties  of  the  final  oil  sample.  That  this 
probably  caused  by  the  practice  of  adding  make-up  oil  during 
ie  engine  test  is  indicated  by  the  properties  of  the  sample  of 
B  removed  from  the  engine  at  the  384th  hour  of  the  500- 
ur  test.  At  this  point,  the  properties  of  the  used  oil 
licate  greater  deterioration  than  was  obtained  in  the 
moratory  test.  It  is  possible,  in  general,  to  obtain  a  useful 
i  d  reasonably  accurate  idea  of  the  stability  characteristics 
4 an  oil  from  the  analysis  of  the  oil  aged  in  the  corrosion  and 
Bibility  tests.  These  used  oil  properties  are  furthermore 
llpful  in  accounting  for  the  corrosiveness  of  an  oil  and  in 
idosing  inherent  weaknesses  of  lubricants,  such  as  sus- 
otibility  to  catalysis  by  metals,  etc. 

Metal  Catalysis.  In  the  standard  corrosion  and  stabil- 
'  tests,  as  defined  by  the  conditions  of  Table  I,  the  only 
tl  source  of  catalysis  by  metals  of  the  deterioration  of  the 
i  is  the  copper-lead  bearing  insert,  since  aluminum  is 
rerally  recognized  to  be  relatively  inactive.  This  con¬ 
futes  definitely  a  departure  from  conditions  of  an  engine 
which  exposure  to  metals,  principally  iron,  is  outstanding. 
>wever,  the  conditions  selected  as  standard  were  chosen 
.pirically  in  order  to  obtain  favorable  comparison  between 
Tosion  and  stability  tests  and  engine  performance.  On  the 
s  discussed  in  this  paper,  this  was  achieved  without  inclu- 
n  of  extraneous  metal  catalysts.  However,  ample  pro¬ 
ion  has  been  made  in  the  design  of  the  apparatus  for  the 
i:  lusion  of  catalysts,  and  the  importance  of  this  factor  is 
lly  recognized  by  the  authors.  It  is  visualized  that  ex- 
t-ision  in  the  scope  of  the  apparatus,  as  well  as  improve- 
Bnt  in  accuracy  and  hence  usefulness  of  the  test,  may  be 
icted  through  the  addition  of  catalysts. 

The  utility  of  the  corrosion  and  stability  tests  has  been 
ablished  through  the  experience  gained  in  the  examination 
such  lubricants  as. are  described  in  Table  VIII.  Despite 

•  failure  to  correlate  exactly  with  the  engine  behavior  of 

•  oils  upon  which  extensive  engine  data  are  available,  the 
ent  of  correspondence  has  been  sufficient  to  inspire  con- 
?nce  in  the  laboratory  test.  By  submitting  lubricants, 

-  engine  performances  of  which  have  not  been  evaluated, 
i  corrosion  and  stability  test  appropriate  to  viscosity  grade, 
s  possible  to  determine  whether  the  more  expensive  and 
le-consuming  engine  test  can  profitably  be  run. 

Summary  and  Conclusions 

This  communication  describes  the  corrosion  and  stability 
oaratus  and  presents  results  obtained  with  it  in  its  applica¬ 


tion  as  a  tool  useful  in  predicting  the  potential  service  per¬ 
formance  of  lubricants.  Correlation  of  the  results  of  the 
test  with  behavior  of  oils  in  various  types  of  engines  is  con¬ 
sidered  to  be  generally  satisfactory',  since  no  laboratory  test 
of  this  type  can  take  into  account  all  the  factors  operative 
in  the  engine.  The  corrosion  and  stability  apparatus  is 
simple,  inexpensive,  and  durable;  the  conditions  of  test  are 
such  that  convenient  application  is  possible  for  either  research 
or  control  purposes.  In  design,  the  apparatus  is  broadly 
flexible  and,  therefore,  as  variations  are  made  in  engines  and 
their  conditions  of  operation,  it  should  be  possible  to  modify 
the  test  to  compensate  for  them. 

The  corrosion  and  stability  apparatus  has  been  extensively 
employed  in  these  laboratories  in  the  study  of  the  factors 
affecting  bearing  corrosion.  The  effects  of  variation  of 
the  important  physical  factors,  such  as  time,  temperature, 
catalysis,  concentration  of  reactants,  and  type  of  bearing 
alloy,  have  been  followed  in  the  corrosion  and  stability  ap¬ 
paratus.  Discussion  of  this  work  is  presented  in  a  companion 
communication  {12). 
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Coprecipitation  of  Chromate  with  Barium  Sulfate 
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The  eoprecipitation  of  chromate  with 
barium  sulfate  has  been  studied  quantita¬ 
tively  under  carefully  controlled  conditions. 
Acidity,  rate  of  precipitation,  ratio  of  chro¬ 
mate  to  sulfate,  and  time  of  digestion  were 
varied  in  turn. 

The  results  obtained  support  the  view 
that  for  the  most  part  the  chromate  copre¬ 
cipitated  is  probably  in  the  form  of  barium 
chromate  in  mixed  crystals  with  barium 
sidfate. 


THE  error  caused  by  coprecipitation  of  dissolved  sub¬ 
stances  with  barium  sulfate  in  gravimetric  analysis  has 
been  widely  recognized.  Studies  of  coprecipitation  of 
various  anions  have  been  reported  recently  (o,  6),  but  chro¬ 
mate  has  been  omitted  from  detailed  consideration.  Kolthoff 
(2)  and  Manov  and  Kirk  (3)  have  considered  briefly  the  co¬ 
precipitation  of  chromate  with  barium  sulfate  during  volu¬ 
metric  analysis  for  sulfate  by  the  method  originally  devised 
by  Andrews  ( 1 ).  Their  methods  were,  however,  not  precise, 
since  conditions  were  not  rigidly  controlled  and  the  amount 
of  chromate  coprecipitated  was  estimated  by  analyzing  the 
filtrate  rather  than  the  precipitate.  The  authors’  prelimi¬ 
nary  experiments  showed  that  inconsistent  results  are  ob¬ 
tained  unless  conditions  are  carefully  controlled. 

In  neutral  solution  barium  chromate  is  precipitated  nearly 
quantitatively  whether  or  not  sulfate  is  present.  Barium 
sulfate  ordinarily  is  precipitated  from  acid  solutions,  how¬ 
ever,  in  the  presence  of  a  slight  excess  of  barium  ion.  Willard 
and  Schneidewind  (7)  in  presenting  their  widely  accepted 
method  of  analysis  for  sulfate  in  chromium  plating  baths, 
state:  “Barium  chromate  is  so  insoluble  in  dilute  acids  that 
it  almost  invariably  contaminates  the  barium  sulfate,  and  if 

1  Present  address,  Princeton  University,  Princeton,  N.  J. 


Figure  1.  Variation  of  Coprecipitation  with  Concentra¬ 
tion  of  Acid 


sufficient  acid  is  used  to  prevent  this,  incomplete  precipita 
tion  occurs.”  This  statement  is  an  oversimplification,  sine 
barium  chromate  will  not  precipitate  by  itself,  even  in  tb 
rather  dilute  acid  solutions  from  which  it  is  customary  t< 
precipitate  barium  sulfate,  unless  the  chromate  concentra 
tion  is  high.  Coprecipitation  of  chromate  with  barium  sul 
fate  from  acid  solution  is  presumably  due  for  the  most  par 
to  the  formation  of  mixed  crystals,  since  barium  sulfate  an' 
barium  chromate  are  isomorphous.  Other  causes  may  ac 
count  for  a  small  proportion  of  the  coprecipitation  of  chro 
mate,  perhaps  as  sodium  chromate  or  dichromate. 

The  coprecipitation  of  barium  chromate  with  barium  sul 
fate  in  acid  solution  is  unusual  in  that  the  concentration  o 
chromate  ion  is  very  low,  although  there  is  a  “reservoir”  o 
potential  chromate  ions  in  the  solution,  since  in  the  presence  c 
acid,  equilibrium  exists  among  Cr04  ,  HCr04-,  and  Cr207_ 
ions  in  aqueous  solution: 


2Cr04  +  2H30+  2HCr04-  +  2H,0  ^  Cr207--  +  3H,0 


0.5  1.0  1.5  2.0  2.5  3.0  3.5  4 


Logarithm  of  Time  of  Adding  Precipitant 

Figure  2.  Variation  of  Coprecipitation  with  Logarithm 
of  Time  in  Seconds  of  Adding  Precipitant 

O-  Without  stirring  □.  With  stirring 


The  greater  the  concentration  of  hydrogen  ion,  the  lower 
the  concentration  of  chromate  ion.  As  barium  dichromate 
not  isomorphous  with  barium  sulfate,  the  extent  of  mixe 
crystal  formation  is  largely  dependent  on  the  acid  concei 
tration.  Other  factors  which  might  be  expected  to  affei 
the  amount  coprecipitated,  whether  from  mixed  crvst: 
formation  or  from  other  causes,  are  rate  of  addition  of  the  pr< 
cipitant,  concentration  of  chromate,  and  length  of  time  ( 
digestion  of  the  precipitate. 

This  paper  reports  the  results  of  a  study  of  the  extent  t 
which  chromate  is  coprecipitated  with  barium  sulfate,  on 
condition  at  a  time  being  altered  while  the  others  were  hel 
constant. 

Procedure 

The  chromate  in  a  given  barium  sulfate  precipitate  was  dete 
mined  by  the  method  described  by  Meldrum,  Cadbury,  an 
Lucasse  (4)-  The  precipitate  was  fused  with  sodium  carbonal 
and  the  melt  allowed  to  cool  and  then  disintegrated  with  wate 
The  mixture  was  filtered  and  the  filtrate  acidified  and  analyze 
iodometrically  for  chromate. 
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Figure  3.  Variation  of  Coprecipitation  with  Concentra¬ 
tion  of  Sodium  Chromate,  Sodium  Sulfate  Held  Constant 


O*  Amount  of  acid  constant 
□  .  Excess  acid  constant 


The  reagents  and  solutions  were  prepared  as  described  in  the 
aper  previously  referred  to  (.))• 

Sodium  sulfate  solution  containing  about  0.3  gram  of  sodium 
ilfate  in  25  ml.  was  introduced  from  a  25-ml.  pipet  into  a  200-ml. 
rlenmeyer  flask,  and  the  desired  amounts  of  dilute  hydro- 
tiloric  acid,  water,  and  sodium  chromate  solution  were  added, 
lie  flask  was  fitted  with  a  reflux  condenser,  in  the  top  of  which 
as  placed  a  cork  carrying  a  glass  tube  of  1-mm.  bore.  This 
diffusion  tube”  was  intended  to  prevent  loss  of  vapor  and  con- 
I'quent  change  of  concentration.  Its  effectiveness  was  demon¬ 
rated  by  refluxing  an  acid  solution  for  3  hours,  cooling,  and 
trating  a  measured  sample  with  standard  base.  Comparison 
ith  similar  samples  which  had  not  been  refluxed  showed  no 
?tectable  change  in  acid  concentration  during  boiling. 

The  flask  with  its  contents  was  placed  on  a  hot  plate  and 
eated  to  boiling,  the  diffusion  tube  was  removed,  and  25  ml.  of 
irium  chloride  solution  of  such  concentration  as  to  supply  a 
ight  excess  of  barium  ion  were  added  from  a  dropping  funnel 
irough  the  condenser.  The  diffusion  tube  was  replaced  and  the 
recipitate  was  digested  by  boiling  gently  on  the  hot  plate.  The 
dxture  was  then  cooled  and  filtered,  the  paper  burned  off,  and 
re  precipitate  weighed  and  treated  as  described  above  to  deter- 
ine  the  amount  of  coprecipitated  chromate. 

Variation  of  Acid  Concentration.  Twenty-five-milliliter 
ortions  of  equimolar  solutions  of  sodium  sulfate  and  sodium 
iromate  were  mixed,  and  the  desired  amount  of  hydrochloric 
fid  was  added  from  a  buret,  together  with  enough  water  to  make 
lie  volume  of  acid  plus  water  75  ml.  The  total  volume  of  the 
,  ilution,  after  addition  of  25  ml.  of  precipitant,  was  thus  150  ml. 
he  precipitant  was  added  dropwise  through  a  fine  capillary 
ibe,  so  that  its  addition  took  from  15  to  19  minutes.  With  this 
l  ow  rate  of  addition  boiling,  with  its  resultant  stirring  effect, 
as  continuous.  The  mixture  was  digested  for  3  hours,  after 
hich  the  hot  plate  was  turned  off.  The  flask  was  allowed  to 
iol  for  45  minutes,  then  removed  from  the  hot  plate,  and  cooled 
pidly  in  ice  water  to  20°  C.  The  precipitate  was  filtered  off 
id  treated  as  described  above. 

All  factors  were  thus  kept  constant  except  the  acid  concentra- 
on,  which  could  be  varied  at  will.  Tests  showed  that  even  in 
ie  most  concentrated  acid  solutions  used  no  oxidation  of  hydro- 
lloric  acid  took  place. 

Variation  of  Rate  of  Addition  of  Precipitant.  Equal 
ijilumes  (25  ml.)  of  equimolar  solutions  of  sodium  sulfate  and 
dium  chromate  were  again  used,  together  with  15  ml.  of  2.068  N 
•id  and  60  ml.  of  water.  When  the  solution  was  boiling 
|h|eadily,  25  ml.  of  precipitant  were  added  through  the  condenser 
before,  the  time  of  addition  being  noted.  When  addition  was 
Ipw,  as  in  the  experiments  in  which  the  acid  concentration  was 
tried,  gentle  boiling  produced  adequate  stirring.  When  the 
•ol  precipitant  was  added  rapidly,  however,  boiling  stopped  for 
while.  Two  series  of  runs  were  made:  one  without  auxiliary 
firing,  and  one  using  a  long  stirring  rod  operated  through  the 
mdenser,  turned  by  a  low-speed  motor.  The  other  factors, 
ich  as  time  of  digestion,  were  kept  constant  as  before. 

Variation  of  Chromate  Concentration.  The  quantity 
sodium  sulfate  was  held  constant  as  before,  but  the  ratio  of 
dium  chromate  to  sodium  sulfate  was  varied  over  the  range 
I  om  1  to  10  to  10  to  1  while  other  conditions  were  held  constant. 


Since  the  amount  of  acid  necessary  to  convert  chromate  into 
dichromate  (assuming  completeness  of  reaction)  increased  as  the 
concentration  of  sodium  chromate  was  increased,  “constant  acid 
concentration”  was  defined  in  two  different  ways:  constant  total 
acid,  and  constant  excess  acid.  No  determinations  were  made 
at  constant  pH. 

The  first  set  of  determinations  was  carried  on  with  a  constant 
amount  of  acid  regardless  of  the  amount  of  chromate  present: 
25  ml.  of  2.068  N  acid  were  more  than  sufficient,  according  to  the 
stoichiometric  equation,  to  convert  all  the  chromate  into  di¬ 
chromate. 

In  the  second  set  of  experiments,  25  ml.  of  2.068  N  acid  were 
added  in  addition  to  the  amount  calculated,  for  the  conversion 
of  chromate  into  dichromate.  Other  conditions  were  the  same  as 
when  the  acid  concentration  was  varied. 

Variation  of  Time  of  Digestion.  Equal  volumes  (25  ml.) 
of  equimolar  solutions  of  sodium  sulfate  and  sodium  chromate 
were  mixed,  15  ml.  of  2.068  N  acid  and  60  ml.  of  water  were 
added,  and  the  precipitant  was  added  slowly  to  the  hot  solution 
as  before.  The  period  of  digestion  was  considered  to  begin  as 
soon  as  the  last  drop  of  precipitant  was  added.  At  the  end  of 
the  time  of  digestion,  the  mixture  was  cooled  in  ice  water  as 
rapidly  as  possible  to  20°  C.,  and  the  precipitate  was  filtered  off 
and  analyzed. 

Results  and  Discussion 

The  results  are  plotted  in  Figures  1  to  4,  in  each  of  which  the 
ordinates  represent  the  number  of  milligrams  of  chromate, 
calculated  as  barium  chromate,  coprecipitated  with  about 
0.5  gram  of  barium  sulfate  (0.502  gram  in  Figure  1,  0.546 
gram  in  Figures  2,  3,  and  4).  Each  point  on  Figures  1  and  4 
represents  the  average  of  two  or  more  determinations. 

When  the  acid  concentration  is  varied  (Figure  1)  the 
amount  of  chromate  coprecipitated  decreases  regularly  with 
increasing  acid  concentration.  Coprecipitation  drops  off 
nearly  to  zero  at  high  acid  concentrations,  but  from  the 
analytical  point  of  view  this  is  no  advantage,  since  barium 
sulfate  becomes  appreciably  soluble  when  the  acid  concen¬ 
tration  exceeds  0.5  Ah  In  very  dilute  acid,  the  results  are 
inconsistent. 

When  rate  of  addition  of  precipitant  is  varied  (Figure  2), 
the  results  are  less  regular,  but  the  general  trend  is  definite: 
the  more  rapidly  the  precipitant  is  added,  the  greater  is  the 
amount  of  chromate  coprecipitated.  Stirring  reduces  the 
amount  only  a  little. 

When  the  chromate-sulfate  ratio  is  varied  (Figure  3),  the 
results  are  what  would  be  expected:  the  greater  the  ratio, 
the  more  chromate  is  coprecipitated ;  and  the  more  acid  there 
is  present  (lower  curve) ,  the  less  chromate  is  coprecipitated. 

From  Figure  4,  showing  variation  in  time  of  digestion,  it  is 
clear  that  in  order  that  coprecipitation  may  not  be  too  great, 
the  mixture  must  be  digested  for  an  hour  or  more.  Times 
longer  than  3  hours  have  little  additional  effect.  The  most 


Figure  4.  Variation  of  Coprecipitation  with  Time 
of  Digestion 
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Table  I.  Results  with  Varying  Times  of  Digestion 


Time 

of 

Diges¬ 

tion 

Total 
Weight 
of  Ppt. 

BaCrCh 

Found 

BaS04 

Found 

Na2S04 

Found 

Error 

Hours 

Gram 

Gram 

Gram 

Gram 

Gram 

0 

0.5734 

0.0275 

0 . 5459 

0.3323 

-0.0004 

0 

0.5678 

0.0245 

0.5433 

0 . 3307 

-0.0020 

Vs 

0 . 5666 

0.0237 

0.5429 

0.3304 

-0.0023 

Vs 

0.5693 

0.0233 

0.5460 

0.3324 

-0.0003 

l/z 

0.5672 

0.0222 

0.5450 

0.3318 

-0.0009 

Vs 

0 . 5657 

0.0224 

0.5433 

0.3307 

-0.0020 

V* 

0.5592 

0.0185 

0 . 5407 

0.3291 

-0.0036 

Vs 

0 . 5600 

0 . 0200 

0  5400 

0 . 3287 

-0.0040 

3 

0.5640 

0.0179 

0.5461 

0.3324 

-0.0003 

3 

0 . 5640 

0.0171 

0 . 5469 

0.3328 

+  0.0001 

10 

0.5637 

0.0168 

0 . 5469 

0.3328 

+  0.0001 

10 

0.5628 

0.0159 

0 . 5469 

0 . 3328 

+  0.0001 

24 

0 . 5607 

0.0152 

0.5455 

0.3321 

-0.0006 

24 

0.5615 

0.0153 

0.5462 

0.3325 

-0.0002 

likely  explanation  for  this  is  that  most,  if  not  all,  of  the  co¬ 
precipitation  remaining  after  3  hours  is  due  to  mixed  crystal 
formation.  However,  without  additional  evidence,  such  as 
x-ray  examination  of  the  crystals  themselves,  this  interpreta¬ 
tion  cannot  be  considered  as  proved.  The  excess  above  the 
minimum  is  probably  due  to  one  or  more  of  the  other  causes 
of  coprecipitation. 

The  data  from  which  Figure  4  is  plotted  are  shown  in 
columns  1  and  3  of  Table  I.  (Similar  tables  for  the  other 
graphs  are  unnecessary.) 

Assuming  that  all  the  chromate  in  the  precipitate  is  in  the  form 
of  barium  chromate,  the  weight  of  barium  sulfate  is  found  by 
subtracting  the  weight  of  barium  chromate  from  the  weight  of 
the  precipitate.  In  column  3  is  given  the  amount  of  chromate 
found  from  the  titration,  converted  to  the  equivalent  amount  of 
barium  chromate.  This  is  subtracted  from  the  total  weight  of 
the  precipitate,  column  2,  to  obtain  the  weight  of  barium  sulfate, 
given  in  column  4.  This  in  turn  is  multiplied  by  the  gravi¬ 
metric  factor,  0.6086,  to  convert  to  sodium  sulfate,  given  in 
column  5.  The  difference  between  this  and  0.3327,  the  number 
of  grams  of  sodium  sulfate  taken  each  time,  is  called  "error”, 
listed  in  column  6. 


Since  the  errors  are  small  when  the  precipitate  is  digests 
for  3  hours  or  more,  it  is  apparent  that  the  assumptions  mad 
are  valid.  When  the  precipitate  is  not  digested  long  enougl 
the  errors  are  larger  and  negative  in  sign.  This  would  b 
accounted  for  if  the  chromate,  calculated  as  barium  chromah 
were  actually  coprecipitated  in  part  as  sodium  chromah 
sodium  dichromate,  or  chromic  acid. 

Similar  analysis  of  the  data  from  which  the  other  graph 
were  plotted  indicated  that  when  the  precipitate  is  forme 
under  the  best  analytical  conditions,  with  slow  addition  of  th 
precipitant  and  sufficiently  long  digestion,  chromate  is  cc 
precipitated  as  barium  chromate.  Appreciable  negativ 
errors  at  high  acid  concentrations  are  in  accord  with  th 
well-known  fact  that  barium  sulfate  is  somewhat  soluble  i 
strongly  acid  solutions. 

Since  the  investigations  of  Nichols  and  Smith  (5)  and  t 
Schneider  and  Rieman  ( 6 )  were  made  under  conditior 
different  from  the  authors’,  no  direct  comparison  is  possibl 
between  the  amount  of  chromate  coprecipitated  and  th 
amounts  of  other  anions  as  found  by  these  workers.  The 
investigations  were  made  in  neutral  solutions,  for  exampl 
whereas  this  investigation  was  of  necessity  in  acid  solutioi 
since  chromate  would  precipitate  virtually  completely  in  tl 
presence  of  excess  barium  ion  in  neutral  solution.  Othf 
factors  making  a  direct  comparison  impossible  indue 
differences  in  concentration  and  in  rate  and  temperature  < 
precipitation. 
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Moderately  Large  Extractor-Percolator  Assembly 

FRANCIS  A.  GUNTHER,  University  of  California  Citrus  Experiment  Station,  Riverside,  Calif. 


MANY  large-scale  Soxhlet-type  extractors  have  been 
reported  in  the  literature,  yet  a  simple  modification 
of  the  original  continuous  Soxhlet  extractor  has  proved  to  be 
the  most  useful  in  the  author’s  laboratory  when  a  moderately 
large  extraction  is  to  be  made.  This  modified  extractor  can 
also  be  used  as  a  percolator  of  the  automatic  type,  the 
choice  of  function  depending  only  upon  the  method  used  in 
packing  the  extraction  chamber. 

A  diagram  of  the  apparatus  is  shown.  The  upper  rim  of  a 
standard  2-gallon  glass  percolator  is  ground  flat  with  280-mesh 
Carborundum  powder,  so  that  a  desiccator  lid  fits  it  snugly.  If 
both  the  percolator  rim  and  the  desiccator  lid  are  given  a  final 
grinding  with  800-  or  1000-mesh  Carborundum  powder,  no 
lubrication  of  the  joint  will  be  required  even  with  petroleum  ether 
or  diethyl  ether  as  extracting  solvent.  This  final  grinding,  how¬ 
ever,  is  time-consuming  and,  for  most  purposes,  unnecessary.  A 
piece  of  glass  tubing,  15  mm.  in  diameter,  is  irregularly  flanged  at 
one  end,  and  bent  as  indicated  in  the  diagram  so  as  to  avoid  back- 
drip  directly  into  the  boiler.  This  tube,  or  “chimney”,  carries 
the  solvent  vapors  from  the  boiler  to  the  condenser.  A  cotton 
plug  is  packed  around  this  chimney  where  it  contacts  the  neck  of 
the  percolator;  for  percolation,  this  plug  is  all  that  is  required. 
If  true  extraction  is  desired,  however,  a  2.5-cm.  (1-inch)  layer  of 
clean  sea  sand  or  other  inert,  finely  divided  material  is  placed  on 
top  of  this  cotton  plug  in  order  to  retard  the  rate  of  downflow  of 
solution.  Finally,  on  the  neck  of  the  percolator  is  placed  a  rubber 
stopper  of  the  appropriate  size  to  fit  the  boiler,  and  an  efficient 


condenser  is  attached  to  the  upper  opening  of  the  desiccator  1 
by  means  of  another  rubber  stopper. 

For  an  extraction,  the  packing  should  a 
extend  above  a  level  which  is  5  cm.  (2  inche 
below  the  top  of  the  chimney  tube.  Ordinaril 
channeling  around  this  tube  does  not  occur 
the  material  to  be  extracted  is  40-mesh  or  fine 
so  that  the  packing  operation  requires  no  gre: 

care.  The  rate  of  boiling  < 


DESICCATOR  LIL 


CHIMNEY  TUBE 


the  solvent  is  so  regulated  th: 
a  layer  of  liquid  about  It 
cm.  (0.5  inch)  deep  remains  ( 
top  of  the  material  being  e: 
tracted. 

For  a  percolation  procedur 
the  packing  plug  consists  : 
cotton  only,  and  the  rate  i 
boiling  is  immaterial,  so  loi 
as  the  rate  of  percolation  is  n< 
exceeded. 

Occasionally,  the  drip  fro 
the  condenser  tends  to  dig 
hole  in  the  top  layers  of  tl 
marc  even  in  an  extractio 
This  may  be  overcome  by  placing  a  small  watt 
glass,  convex  side  down,  or  a  small  piece  of  Alt' 
paper  on  the  marc.  After  an  initial  warming-i 
of  5  to  10  minutes,  the  solvent  that  condensi 
in  the  chimney  is  remarkably  small,  because  ' 
the  insulating  effect  of  the  marc  packed  around  i 
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-COTTON 


Quantitative  Determination  of  Benzene 

In  the  Presence  of  Cyclohexane 

RICHARD  L.  BISHOP  AND  E.  LOUISE  WALLACE,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


RECENT  paper  (1)  by  Corson  and  Brady  reported 
the  development  of  a  method  for  the  determination 
small  amounts  of  benzene  in  cyclohexane  by  measuring 
lie  heat  of  reaction  of  benzene  with  a  nitrating  acid.  The 
rper  brought  out  two  useful  points:  the  composition  of  the 
trating  acid  producing  the  best  results,  and  the  variation 
I  reaction  heat  due  to  changes  in  the  initial  or  starting  tem- 
Brature  of  the  reaction. 

By  making  a  number  of  changes,  both  in  the  method  and 
the  design  of  the  reaction  apparatus,  it  has  been  possible 
>  develop  a  more  rapid  and  practical  procedure. 

Apparatus  and  Reagents 

|  When  using  the  method  described  by  Corson  and  Brady 
i),  which  required  removal  of  the  stirring  device  and  in- 
Jrtion  of  a  thermometer  whenever  a  temperature  reading 
as  necessary,  some  difficulty  was  encountered  in  manipula- 
bn  of  the  apparatus.  This  was  especially  noticeable  in 
perimental  work  when  it  was  necessary  to  take  temperature 


Figure  1 .  Equipment  for  Reaction-Heat  Test 


readings  a  minute  or  two  apart.  In  addition,  an  error  was 
introduced  when  the  room  temperature  changed  between 
any  two  readings,  because  both  the  stirrer  and  the  ther¬ 
mometer,  when  removed,  changed  to  room  temperature  and 
were  then  replaced  in  the  vacuum  flask.  Then,  too,  each 
time  one  or  the  other  was  removed  some  of  the  solvent  was 
lost. 

It  was  discovered  that  the  stirrer  paddle,  which  consisted  of 
a  7-mm.  glass  rod  with  19  mm.  of  one  end  flattened  to  a  width  of 
13  mm.  and  turning  at  3000  r.  p.  m.,  was  not  a  very  efficient 
stirring  device  for  a  two- 
phase  mixture,  such  as 
cyclohexane  and  nitrating 
acid.  This  poor  mixing 
tended  to  lengthen  the  time 
of  complete  reaction  between 
the  benzene  and  the  ni¬ 
trating  acid.  Therefore, 
with  a  10-  to  20-minute 
period  in  which  to  meas¬ 
ure  the  temperature  rise, 
any  change  in  the  room 
temperature  and  subsequent 
change  in  the  rate  of  radia¬ 
tion  of  heat  from  the 
vacuum  flask  introduced  a 
considerable  error. 

To  overcome  these  diffi¬ 
culties,  it  was  necessary 
to  construct  the  apparatus 
shown  in  Figures  1  and  2, 
and  to  adjust  the  amount  of 
nitrating  acid  used,  to  en¬ 
sure  thorough  mixing.  The 
results  which  follow  point 
out  the  distinct  advantages 
of  this  redesigned  reaction 
heat  apparatus. 

Reagents.  Nitrating 
Acid.  Mix  2  volumes  of 
69  to  70  per  cent  nitric 
acid  (density  1.41)  with  1 
volume  of  95.5  per  cent  sul¬ 
furic  acid  (density  1.82). 

Cyclohexane,  density  at 
20°  C.  0.7781,  freezing 
point  6.0°  C. 

Benzene,  density  at  20°  C. 

0.8790,  freezing  point  5. 5  °C. 


General  Procedure 

The  procedure  found 
most  satisfactory  for  rou¬ 
tine  work  and  used,  -with 
slight  modifications,  in 
the  experiments  described 
in  this  paper,  is  as  follows: 

Weigh  50  grams  of  sample 
into  a  120-ml.  (4-ounce) 
tared  bottle  (small  neck, 
plastic  top)  and  place  this 
and  the  bottle  of  nitrating 
acid  in  a  constant-tempera¬ 
ture  bath  at  68°  F.  Pipet 
50  ml.  of  nitrating  acid  in 
the  vacuum  flask  and 
place  the  flask  on  the 


Figure  2.  Assembly  of, 
Reaction-Heat  Apparatus 

A.  Motor  stirrer,  1600  r.  p.  m. 

B.  Thermometer,  Taylor  No. 

21,520,  length  18  inches,  range 
45°  to  100°  F. 

C.  Vacuum  flask,  2  X  10  inch, 

silvered 

D.  Glass  bearing 

E.  Glass  stir  shaft 

F.  Level  of  mixture  while  stirring 

G.  Level  of  acid  while  stirring 

H.  Glass  propeller,  1  X  0.25  inch, 

approximately  40°  pitoh 

I.  Felt-lined  metal  container 
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Figure  3. 


Reaction  Heat  Derived  from  Known  Mixtures  of  Benzene 
and  Cyclohexane 


AT. 


Difference  between  initial  temperature  and  temperature  after  3  minutes  of  stirring 

reaction  mixture 

Nitrating  acid,  same  as  No.  2,  Table  II 


lessened  the  precision  of  the  results.  Oi 
the  other  hand,  any  change  which  increases 
the  mixing  effect  beyond  that  of  the  ap¬ 
paratus  described  in  this  paper,  made  almo 
no  change  in  the  results,  except  to  deereav 
slightly  the  time  of  complete  reaction.  Ir 
fact,  results  were  very  satisfactory  when  IOC 
ml.  of  nitrating  acid  and  50  grams  of  sample 
were  used  in  a  larger  vacuum  flask  (6.25  cm. 
2.5  inches  in  inside  diameter)  than  the  ora 
described  in  this  paper. 

Effect  of  Strength  of  Nitrating  Acid 
The  effect  of  acid  concentration  was  teste' 
with  acids  of  the  composition  shown  ir 
Table  II.  Figure  5  shows  that  No.  2  acic 
mixture  is  very  satisfactory.  It  also  has  the 
advantage  of  being  the  one  most  easily  pre¬ 
pared  from  ordinary  laboratory  c.  p.  acid; 
and  has  been  chosen  therefore  for  use  ir 
the  general  procedure.  A  slight  variatior 
in  the  acid  strength  wdll  not  cause  any  ap¬ 
preciable  error  in  the  results.  Figure  6  illus¬ 
trates  the  variation  in  AT  with  the  time  o 
reaction  for  a  2  per  cent  benzene  in  cyclo¬ 
hexane  mixture  when  nitrating  acids  o 
different  strengths  are  used.  A  similai 
variation  was  found  to  hold  true  in  0.65 
3.0,  and  4.0  per  cent  benzene-cyclohexam 
mixtures. 

Effect  of  Certain  Impurities  in  the  Sample.  It  wa- 


Table  I. 

Reaction-Heat  Test  Data 

(Figure  3) 

Weight 
Percentage  of 

Initial 

Room 

Benzene 

Temperature 

AT 

Temperature 

°  F. 

o  p 

°  F. 

0.0 

69.90 

-0.60 

74 

0.5 

71.01 

2.20 

77 

1.5 

71.25 

7.80 

76 

2.0 

70.32 

10.80 

76 

2.5 

70.72 

13.50 

76 

3.0 

70.75 

16.40 

76 

4.0 

71.22 

22.20 

76 

5.0 

71.10 

27.60 

76 

found  necessary  to  determine  benzene  in  cyclohexane  whirl 
contained  a  small  amount  of  acetone  and  methyl  alcohol 
The  reaction  between  these  impurities  and  the  nitrating  acic 
caused  a  considerable  rise  in  temperature.  This  difficult} 
was  overcome  by  extracting  the  sample  with  water,  am: 
drying  with  calcium  chloride.  Any  appreciable  amount  o: 
water  in  the  sample  would  no  doubt  cause  a  rise  in  tempera 
ture.  However,  a  mixture  of  cyclohexane  and  benzene 
contains  only  0.01  per  cent  of  moisture  when  saturated  al 
room  temperature. 


stirring  device  as  shown  in  Figure  2.  After  3 
minutes  of  standing,  start  the  motor,  and  after 
approximately  1  minute  record  the  “initial” 
temperature  which  wdll  be  about  70°  F.  Stop 
the  motor.  Pour  the  sample  from  the  4- 
ounce  bottle  into  the  vacuum  flask  and  start 
the  motor.  Take  readings  after  1,  2,  3,  and  5 
minutes  of  stirring.  The  difference  between 
the  temperature  at  3  minutes  and  the  initial 
temperature  is  a  measure  of  the  benzene  con¬ 
tent  of  the  sample  wRich  is  determined  from 
Figure  3. 


Discussion 

Effect  of  Stirring  Period.  The  ni¬ 
tration  is  complete  after  2  minutes  of  stirring, 
as  shown  in  Figure  4.  Any  slope  to  the 
curve  after  the  2-minute  period  is  a  result  of 
radiation  from  the  vacuum  flask,  since  the 
initial  temperature  of  70°  F.  is  below  the 
room  temperature,  which  is  74°  to  76°  F. 

Effect  of  Improper  Mixing.  The  most 
important  point  in  this  discussion  is  the 
efficiency  in  the  mixing  of  the  reacting  sub¬ 
stances.  It  was  found  that  any  change  in 
the  design  of  the  apparatus,  the  quantity  of 
reacting  substances,  or  the  speed  of  stirring, 
which  tended  to  lessen  the  mixing  effect, 
greatly  increased  the  reaction  time  and 


Figure  4.  Variation  in  A T  with  Time  of  Reaction  for  Various 
Mixtures  of  Benzene  in  Cyclohexane 

Initial  temperature,  approximately  70°  F. 

Nitrating  acid,  same  as  No.  2,  Table  II 
Stirring  motor  was  stopped  after  first  10-minute  period 
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Table  II 

A7\  Difference  between  initial  temperature  and  temperature  after 
3  minutes  of  stirring  reaction  mixture 


Figure  6.  Variation  in  A T  with  Time  of  Reaction  for 
Four  Strengths  of  Nitrating  Acid 


Results 

The  accuracy  of  the  results  obtained  by  the  described 
lethod  is  indicated  in  Table  III.  These  results  were  ob- 
ained  on  knowns  made  from  mixtures  of  cyclohexane  from 


Table  II.  Composition  of  Nitrating  Acids 
(Figures  5  and  6) 


Acid  No. 

HN03 

HNO2 

H2SO4 

H2O 

% 

% 

% 

% 

1 

42.94 

0.16 

38.35 

18.55 

2 

41.32 

0.01 

38.06 

20.61 

3 

40.58 

0.01 

37.28 

22 . 13 

4 

39.77 

0.01 

36.54 

23.68 

Table  III.  Analysis  of  Knowns 

A  T,  3-Minute 

minus 

Initial  Tem-  Benzene 

Benzene 

perature 

Present 

Found 

Difference 

_ _ 1 _ _ 

7.82 

1.50 

1.50 

0.00 

7.75 

1.50 

1.47 

-0.03 

10.63 

2.00 

2.00 

0.00 

10.87 

2.00 

2.04 

+0.04 

10.48 

2.00 

1.97 

-0.03 

10.40 

2.00 

1.95 

-0.05 

10.82 

2.00 

2.02 

+0.02 

10.98 

2.00 

2.05 

-f-0 .  Oo 

10.79 

2.00 

2.02 

+0.02 

16.30 

3.00 

3.00 

0.00 

16.35 

3.00 

3.00 

0.00 

21.78 

4.00 

3.95 

-0.05 

22.08 

4.00 

4.02 

+  0.02 

various  sources,  and  benzene.  Different  batches  of  nitrating 
acid  were  used  in  the  course  of  the  experimentation.  In  each 
case  the  acids  were  made  up  to  approximately  the  same 
strength  in  accordance  with  the  method  outlined  under 
reagents. 

Summary 

The  method  described  in  this  paper  was  found  to  be  very 
workable  and  rapid,  giving  a  high  degree  of  precision  and 
accuracy.  A  similar  method  has  been  developed  to  determine 
benzene  in  ethylene  dichloride  and  in  propylene  dichloride, 
following  the  same  general  procedure  and  using  the  same 
strength  of  acid.  However,  it  was  necessary  to  draw  a 
separate  curve  of  A T  against  per  cent  benzene  for  each  sol¬ 
vent,  as  the  heat  of  the  nitration  reaction  in  the  presence  of 
different  types  of  solvents  was  not  the  same. 
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Determination  of  Surface  Oxidation  of 

Bituminous  Coal 

JOHN  A.  RADSPINNER1  AND  H.  C.  HOWARD 
Coal  Research  Laboratory,  Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


A  number  of  methods  for  determining  the 
extent  of  surface  oxidation  of  bituminous 
coals  were  examined  qualitatively,  and  two, 
carboxyl  group  determination  and  ther¬ 
mal  decomposition  of  surface  complex, 
were  examined  in  detail.  The  carboxyl 
group  determination,  though  rather  insen¬ 
sitive,  can  be  used  to  determine  the  extent 
of  surface  oxidation,  but  examination  of 
the  gaseous  products  obtained  by  thermal 
decomposition  of  oxidized  coals  was  a  more 
sensitive  procedure,  particularly  in  the 
ease  of  high-rank  coals. 

IT  HAS  long  been  recognized  that  the  oxidation  of  coal, 
such  as  may  take  place  during  storage,  has  a  very  marked 
effect  on  its  properties  during  subsequent  carbonization. 

Jamieson  and  Skilling  (9)  used  actual  carbonization  of  stored 
coals  to  study  these  effects.  Schmidt,  Elder,  and  Davis  (19) 
made  carbonization  tests  on  mildly  oxidized  Pittsburgh  coal, 
measuring  the  relation  between  the  yields  and  characteristics  of 
the  carbonization  products,  and  the  oxygen  fixed  on  the  coal  in 
the  oxidation  process.  The  main  effects  found  were  the  increased 
yield  and  hardness  of  the  coke,  the  decreased  yield  of  tar,  and  the 


B  c 


Figure  1.  Apparatus  for  Oxidation  of  Coal 


increased  amount  of  carbon  dioxide  in  the  gas  as  the  oxidatioi 
proceeded.  They  did  not  carry  the  oxidation  so  far  as  to  destroy 
completely  the  coking  properties.  Coking  tests  on  oxidizee 
coals  have  also  been  made  by  Reilly  and  co-workers  ( 1 ,  4,  6) 
Michaelis  (13),  Kucherenko  (11),  Purdon  (16),  and  Rees  (17). 

That  weathered  coals  have  properties  similar  to  humic  acid 
was  suggested  by  Stadnikov,  Suiskov,  and  Ushakova  (20)  ant 
later  by  Voitova  (26).  Syskov  (22)  and  Syskov  and  Ushakov; 
(23)  used  the  absorbing  power  of  oxidized  coal  for  barium  hy 
droxide  for  evaluation  of  the  extent  of  the  oxidation.  Simila 
measurements  with  iodine,  oxalic  acid,  and  methylene  blue  gav< 
negative  results.  Another  group  of  investigators,  Karavaev 
Rapoport,  and  Kholler  (10),  compared  oxidized  coal  with  browi 
coal  and  found  these  common  properties:  presence  of  humii 
acids,  low  carbon  and  high  oxygen  content,  low'  heat  value,  ex 
cessive  hygroscopicity,  high  content  of  volatile  substances,  higl 
content  of  carbon  dioxide  in  the  primary  gas,  and  high  reactivity 
toward  nitric  acid.  In  characterizing  the  “age”  of  coals  by  ferrii 
chloride  and  methylene  blue  adsorption,  Pentegov  and  Nyan 
kovskil  (14)  found  that  the  coals  had  to  be  free  from  oxidation  fo 
a  successful  application  of  the  test.  This  loss  of  reducing  powe; 
of  coal  for  ferric  chloride  wras  investigated  as  a  measure  of  surface 
oxidation  of  coal  by  Vologdin  and  Kamendrovskaya  (28)  and  by 
Grigor’ev  (7).  Ferric  oxide  was  also  used  (27).  Surface  oxida 
tion  also  brings  about  the  formation  of  water-soluble  materia 
w'hich  will  reduce  potassium  permanganate,  as  reported  by 
Peters  and  Cremer  (16),  and  also  by  Bunte,  Brueckner,  and  Ben 
der  (3).  Yohe  (30)  has  shown  that  virgin  coal  surfaces,  afte: 
exposure  to  air,  exert  a  definite  oxidizing  effect  on  titanou 
chloride. 

An  oxidized  coal  surface  show's  a  reduced  reaction  rate  as  the 
process  proceeds.  Bunte  and  Brueckner  (2)  measured  the  de 
crease  in  air  pressure  in  a  closed  system  and  analyzed  the  re 
maining  gas.  Stansfield,  Lang,  and  Gilbart  (21)  measured  th< 
amount  of  oxygen  absorbed  between  the  24th  and  96th  hours  o 
exposure  to  oxygen  while  the  sample  wras  being  ground  in  a  bal 

mill.  Studies  of  rates  o 
oxygen  absorption  hav< 
been  made  by  Winmill  (29 
and  by  Graham  (6,  24) 
Schmidt  and  Elder  (18 
studied  the  effects  of  rank 
extent  of  oxidation,  tem 
perature,  and  oxygen  par 
tial  pressure  on  the  rate 
The  rate  of  oxidation  by 
chromic  acid  has  beer 
applied  to  commercially 
roasted  samples  by 
Howard  and  Schulz  (8) 
who  found  a  decrease  ir 
this  rate  as  the  roasting 
proceeded. 

Lefebvre  and  Faivre(f  2] 
prepared  oxidized  coa 
samples  so  that  the 
amount  of  oxygen  fixec 
could  be  calculated,  ther 
they  heated  these  tc 
350°  C.  and  found  thal 
most  of  the  fixed  oxyger 
was  evolved  as  carbor 
monoxide,  carbon  dioxide 
and  water.  Karavaev 
et  al.  (10)  and  Schmidt 
Elder,  and  Davis  (19] 
reported  an  increase  ir 
the  carbon  dioxide  in  the 
gas  during  carbonization 
the  latter  workers  also  re¬ 
ported  a  lowering  of  the 
total  gas  yield,  as  die 
Bunte  and  Brueckner  (2) 
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Figure  2.  Rate  of  Oxidation  of  Pocahontas  Coal 


None  of  these  methods  was  developed  to  the  stage  of 
cceptable  laboratory  tests  for  determination  of  the  extent 
f  oxidation  of  coal.  With  the  object  of  development  of  a 
uantitative  method  for  determination  of  surface  oxidation 
f  coal,  preliminary  examination  was  made  of  a  number  of 
he  properties  of  oxidized  coal  surfaces,  using  for  this  purpose 
,  sample  of  Illinois  No.  6  coal  which  had  been  oxidized  by 
xposure  to  air  in  a  drying  oven  at  105°  C.  for  several  weeks. 
Comparisons  for  both  the  oxidized  coal  and  an  unoxidized 
ample  were  made  of:  (1)  sorption  of  electrolytes,  (2)  pH  of 
queous  suspensions,  (3)  sorption  of  basic  organic  com¬ 
ounds,  (4)  carboxyl  group  determination,  (5)  oxidation- 
eduction  potentials,  (6)  rates  of  oxidation,  (7)  rates  of  dry- 
lg,  and  (8)  nature  of  the  thermal  decomposition  products  of 
he  surface  complex.  Even  with  this  highly  oxidized  sample 
f  coal,  only  the  carboxyl  group  determination  and  nature  of 
<he  thermal  decomposition  products  of  the  surface  complex 
ave  evidence  of  being  sufficiently  sensitive  to  be  of  value, 
loth  methods  were,  therefore,  studied  further  and  the  results 
btained  are  described  below.  As  has  also  been  reported  by 
ther  workers,  the  authors  noted  the  great  difference  in  ease 
f  wetting  by  water  of  the  fresh  and  oxidized  coal  surfaces, 
he  latter  being  much  more  readily  wet,  and  it  is  possible 
hat  some  sensitive  method  based  on  this  phenomenon  could 
e  developed.  Small  but  significant  differences  in  the  rate 
f  loss  of  water  from  fresh  and  oxidized  coal  surfaces  in  an 
uert  gas  stream  were  observed. 

Preparation  of  Samples  of  Oxidized  Coals 

Oxidized  samples  of  three  typical  bituminous  coals— Illinois 
jfo.  6,  Pittsburgh,  and  Pocahontas  No.  3 — were  prepared  in  the 
pparatus  shown  in  Figure  1.  A  sample  of  —200-mesh  coal, 
reviously  dried  in  vacuum  at  75  °  C.  to  1 10  °  C. ,  depending  upon  the 
emperature  of  the  run,  weighing  50  to  60  grams,  was  placed  in 
ae  vertical  tube,  A.  which  had  a  fritted-glass  disk  sealed  in  near 
le  bottom  to  support  the  coal,  and  was  immersed  in  a  bath  held 
t  the  desired  temperature.  Oxygen  was  circulated  up  through 
ae  coal  sample  by  the  mercury  piston  pump,  F,  and  returned  to 
le  pump  through  absorption  tubes  B  and  C,  carbon  monoxide 
ambustion  tube  D,  and  absorption  tube  E.  Additional  oxygen 
s  required  was  supplied  from  buret  K.  Tube  B  was  filled  with 
idicating  Drierite,  tubes  C  and  E  with  Ascarite  and  Drierite. 
'ube  D  was  filled  with  powdered  iodine  pentoxide  mixed  with 
round  glass  to  prevent  caking  and  was  kept  at  125  °  C.  by  the  elec- 
ric  heater.  Through  the  manostat  arrangement  oxygen  was 
applied  to  the  system  as  required.  The  pressure  drop  resulting 
•om  consumption  of  oxygen  caused  the  mercury  in  the  manom- 
ter,  G,  to  actuate  a  relay,  H,  controlling  the  motor  driving  the 
crew  elevator,  I,  which  determined  the  height  of  the  leveling 
ulb,  J,  causing  oxygen  to  flow  into  the  circulating  system  until 
he  pressure  was  restored  and  the  contacts  on  G  opened  again.  A 
00-ml.  water-jacketed  buret  was  employed  in  all  runs  except  on 
llinois  coal,  where  at  125°  C.  one  of  1000-ml.  capacity  was  re¬ 


quired.  To  fill  the  buret,  tank  oxygen  was  brought  in  through 
the  Ascarite  tube,  L,  through  stopcocks  V2  and  Fj.  For  this 
purpose  the  holder  of  the  leveling  bulb,  J,  could  be  disengaged 
from  the  screw  mechanism  to  lower  it  and  to  follow  the  level  in 
the  buret  as  it  filled.  Fx  permitted  balancing  the  two  sides  of  the 
manometer.  All  runs  were  at  approximately  atmospheric  pressure. 

In  this  apparatus  the  total  mass  of  oxygen  consumed  and 
the  amounts  of  water,  carbon  dioxide,  and  carbon  monoxide 
formed  could  all  be  measured.  Hence,  the  amount  of  oxygen 
fixed  by  the  coal  was  readily  calculated. 

Data  on  the  reaction  of  the  three  coals  at  75°,  100°,  and 
125°  C.  are  illustrated  by  the  curves  of  Figures  2,  3,  and  4. 
The  nearly  linear  log-log  relation  between  oxygen  consumed 
and  time  has  been  pointed  out  by  other  workers  (16)  in  this 
field.  Satisfactory  agreement  between  duplicate  runs  (open 
and  solid  circles)  was  obtained,  except  in  the  case  of  the 
Illinois  coal  at  125°  C.,  where  there  was  difficulty  with  tempera¬ 
ture  control,  owing  to  exothermic  character  of  reaction. 

The  equations  for  straight  lines  fitted  to  the  data  by  least 
squares  were:  log  M  =  bi  +  b2  log  t,  where  M  is  in  millimoles 
of  oxygen  consumed  per  100  grams  of  coal  and  f  is  in  hours. 
The  values  of  the  constants  are  given  in  Table  I. 

The  values  of  the  intercepts,  bu  show  very  definitely  that 
the  reactivities  of  the  coals  increase  with  decrease  in  rank. 
The  form  of  the  curves  and  the  nearly  constant  values  of  the 
slopes  for  the  various  coals  indicate  hindered  reactions  and  a 
relatively  constant  hindrance,  irrespective  of  the  reactivity 
of  the  coal  and  the  temperature. 

Data  giving  the  distribution  of  the  oxygen  between  the 
gaseous  products  and  the  coal  surface  are  shown  in  Table  II. 
Although  total  oxygen  consumed  varied  more  than  tenfold 
with  different  temperatures  and  reaction  times,  the  per  cent 
distribution  among  the  different  products  is  surprisingly  con¬ 
stant. 


Table  I.  Constants  in  Equations  for  Reaction  Rates 


75° 

C. 

bi 

£>2 

Pocahontas  No.  3 

Pittsburgh 

-0.532 

-0.613 

-0.134 

-0.095 

0.657 

0.671 

0.723 

0.713 

Illinois  No.  6 

+  0.333 
+  0.233 

0.615 

0.655 

100°  C.  125° C. 

bi  62  61  bi 


+  0. 

069 

0. 

638 

+0. 

526 

0. 

.714 

-0. 

.021 

0. 

.683 

+0. 

550 

0 

.711 

+  0. 

.398 

0. 

.750 

+  0. 

,  955 

0. 

.761 

+0 

.485 

0. 

.672 

+  0. 

090 

0 

.695 

+  0 

.409 

0. 

.731 

< 

+0. 

.893 

0. 

.592 

+  1. 

.815 

0. 

.377 

+  0. 

,910 

0 

651 

+  1. 

.583 

0 

.447 

Determination  of  Carboxyl  Groups 

This  procedure  for  determining  the  acidic  groups  on  the 
surface  of  the  oxidized  coal  is  essentially  the  same  as  that 


Figure  3.  Rate  of  Oxidation  of  Pittsburgh  Coal 
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described  by  Ubaldini  and  Siniramed  {25)  for  determining 
the  equivalent  weights  of  naturally  occurring  “humic  acids”. 
In  the  Coal  Research  Laboratory  this  method  has  been  used 
in  obtaining  the  equivalent  weights  of  “humic  acids”  pre¬ 
pared  by  the  oxidation  of  bituminous  coals.  The  procedure 
is  based  on  the  decomposition  of  calcium  acetate  by  the 
acid  groups  and  the  determination  of  the  resulting  acetic  acid 
by  the  liberation  of  carbon  dioxide  from  calcium  carbonate. 
The  equations  for  the  reactions  are: 

2RCOOH  +  Ca(OAc)2  — >  (RCOO)2Ca  +  2HOAc 
2HOAc  +  CaC03  — ^  Ca(OAc)2  +  H20  +  C02 
or 

2RCOOH  +  CaC03  — >  (RCOO)2Ca  +  H20  +  C02 


Figure  4.  Rate  of  Oxidation  of  Illinois  Coal 


Whether  the  reaction  proceeds  in  one  manner  or  the  other, 
one  mole  of  carbon  dioxide  is  liberated  for  each  two  carboxyl 
groups.  The  reaction  is  carried  to  completion  by  refluxing 
the  mixture  and  sweeping  out  the  carbon  dioxide  formed  with 
nitrogen.  The  apparatus  used  is  shown  in  Figure  5. 

Before  this  method  was  applied  to  oxidized  coals  its  re¬ 
liability  was  tested  on  a  number  of  authentic  samples  of 
organic  acids.  Succinic,  benzoic,  o-phthalic,  o-,  m-,  and  p- 
hydroxybenzoic,  and  gallic  acids  were  employed  for  this  pur¬ 
pose.  The  simple  carboxylic  acids  gave  results  for  equiva¬ 
lent  weight  which  were  1  to  2  per  cent  high — i.  e.,  less  than 
the  theoretical  amounts  of  carbon  dioxide  were  evolved  dur¬ 
ing  the  reaction.  With  the  hydroxy  acids  the  results  were 
all  low  by  about  the  same  amount  and  carbon  dioxide  con¬ 
tinued  to  be  evolved  slowly  if  the  reaction  time  was  increased. 
With  the  hyclroxybenzoic  acids  the  equivalent  weights  cal¬ 
culated  on  reaction  of  the  carboxyl  alone  were  too  low  by 
about  10  per  cent  when  a  reaction  time  of  4  hours  was  used. 
With  gallic  acid  the  values  were  almost  exactly  half  that 
calculated  for  reaction  of  the  carboxyl.  That  this  excess 
evolution  of  carbon  dioxide  was  due  to  reaction  of  the  phe¬ 
nolic  hydroxyls  was  shown  by  the  fact  that  the  methoxy  com¬ 
pounds  of  these  acids  gave  results  agreeing  with  the  theoretical 
values  within  1  per  cent.  Since  in  a  measurement  of  surface 
oxidation  of  coal  it  is  immaterial  what  type  of  acidic  group 
reacts,  the  procedure  appeared  suitable  for  the  purpose  de¬ 
sired. 


The  finely  ground  sample  was  placed  in  flask  D,  the  weigh 
being  adjusted  to  evolve  a  convenient  amount  of  carbon  dioxide 
1  gram  of  calcium  carbonate  and  100  ml.  of  3  per  cent  calciur 
acetate  were  then  added,  the  flask  was  attached  to  the  reflux  cor; 
denser,  C,  and  the  mixture  was  boiled  with  a  microburne! 
Tank  nitrogen  purified  by  passage  over  hot  reduced  copper  wn 
used  as  a  sweeping  gas  and  passed  through  the  sulfuric  aci. 
bubble  counter,  A,  and  Ascarite  tube,  B.  down  through  the  Ion 
tube  in  the  center  of  the  condenser  and  bubbled  through  th 
boiling  mixture.  The  evolved  carbon  dioxide  was  swept  ou 
through  the  condenser,  sulfuric  acid  bubble  counter,  E,  and  dry 
ing  tube,  F,  filled  with  Anhydrone,  into  the  weighing  tube,  C 
containing  Ascarite  and  Anhydrone.  The  nitrogen  passed  ou 
through  the  guard  tube,  H,  filled  with  soda  lime,  the  trap,  7,  an 
the  bubble  counter,  J,  to  the  atmosphere.  Under  these  condi 
tions  a  manipulative  blank  of  1  to  2  mg.  of  carbon  dioxide  wa 
obtained.  This  blank  could  be  reduced  to  0.2  mg.  by  a  shor 
preliminary  refluxing  of  the  reagents  before  addition  of  the  san; 
pie.  With  slightly  oxidized  coals  difficulty  in  wetting  was  oh 
served ;  part  of  the  sample  floated  on  the  surface  and  was  carrie 
up  the  side  of  the  flask  out  of  contact  with  the  bulk  of  the  rt 
agents.  In  such  cases  addition  of  10  ml.  of  a  1  per  cent  solutio 
of  a  wetting  agent,  such  as  Aerosol  or  Nekal  BX,  was  found  to  in 
prove  the  reproducibility  of  the  procedure. 

With  the  lightly  oxidized  samples  of  coal  the  amounts  c 
carbon  dioxide  evolved  by  this  procedure  were  only  a  fe\ 
milligrams  per  gram  of  coal,  so  that  it  was  necessary  to  us 
large  samples,  5  to  10  grams,  and  to  weigh  the  absorptio 
tube  on  a  semimicrobalance.  Weights  were  recorded  to  0. 
mg. 

The  results  of  determinations  of  the  acid  groups  on  th 
prepared  samples  of  oxidized  coals  are  shown  in  Table  II 
and  Figure  6.  The  total  acidity  has  been  calculated  in  tern: 
of  carboxyl,  since  it  seems  probable  that  these  groups  ai 
chiefly  responsible  for  the  reaction  observed.  In  calci 
lating  carboxyl  groups  the  amount  of  carbon  dioxid 
evolved  from  the  unoxiclized  coal  was  subtracted  from  th 
values  for  the  different  oxidized  samples.  The  difference 
multiplied  by  two,  since  each  mole  of  calcium  salt  reacts  wit 
two  carboxyl  groups,  yields  the  carboxyl  groups  formed  i 
the  oxidation.  The  amount  of  carbon  dioxide  evolved  froi 
the  unoxidized  Pocahontas  coal  corresponds  to  the  present 
of  approximately  0.01  per  cent  of  oxygen  as  carboxyl  group 
and  the  corresponding  figures  for  Pittsburgh  and  Illinois  ai 
0.10  and  0.13  per  cent,  respectively.  In  the  case  of  th 
Pocahontas  coal  there  was  a  somewhat  smaller  evolution  r 
carbon  dioxide  from  the  sample  which  had  been  oxidized  t 
75°  than  from  the  original  unoxidized  samples.  In  Figure 
carboxyl  groups,  in  millimoles  per  100  grams  of  coal,  foun 


Table  II.  Distribution  of  Oxygen  in  Oxidized  Coals 


Temperature 

Time 

02  Used 

H20 

C02 

CO 

Fixer 

Millimoles  per 

°  C. 

Hours 

100  g. 

% 

% 

% 

% 

Pocahontas  No.  3  Coal 

75 

240 

10.86 

30.85 

11.05 

1.66 

56.4  3 

75 

306 

11.40 

29.20 

11.31 

1.58 

57 . 91 

100 

261 

39.40 

31.60 

12.80 

2.04 

53  o' 

100 

312 

40.90 

32.16 

12.84 

1.81 

53.1? 

125 

99 

86.40 

29.85 

13.19 

2.08 

54  8? 

125 

215 

143.0 

27.62 

14 . 75 

2.38 

55  2.; 

Pittsburgh  Coal 

75 

223 

36 . 49 

18.82 

14.44 

1.70 

65.03 

75 

319 

48.38 

21 . 19 

9.06 

1.59 

68.1? 

100 

240 

104  8 

27.77 

12.50 

2.10 

57  6? 

100 

52 

45 . 7 

19.04 

10.06 

1.53 

69  3: 

125 

43 

139.4 

17.93 

15.06 

2.01 

65  or 

125 

212 

316.0 

27.17 

18.77 

2.47 

51 . 61 

Illinois  No.  6 

Coal 

75 

246.5 

49.35 

18.27 

13.31 

2.09 

66  3: 

75 

323.0 

68.27 

20.21 

12.15 

1.96 

65  31 

100 

260 

189.8 

33.14 

18.07 

2.53 

46.2' 

100 

62 

106.9 

24.50 

13.84 

2.06 

59 . 6< 

125 

46 

275.4 

34.77 

16.22 

3.59 

45.38 

125 

148 

327 . 4 

29.9 

19.16 

2.23 

48.71 
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3y  this  method,  are  plotted  as  a  function  of 
the  amount  of  oxygen  known  to  have  been 
ixed  in  preparing  the  sample.  'It[is  evident 
that  only  a  fraction  of  the  total  oxygen  fixed 
■eacts  like  a  carboxyl  group  and  that  this 
iraction  varies  greatly  with  the  coal,  ranging 
trom  a  few  per  cent  for  the  Pocahontas  up 
to  40  per  cent  for  the  Illinois.  There  is, 
mwever,  for  each  coal  a  general  linear  relation 
Detween  the  oxygen  found  as  carboxyls  and 
;he  total  fixed.  The  method  is  obviously  less 
sensitive  for  high-rank  coals.  With  a  Pitts- 
Durgh  seam  coal,  samples  prepared  containing 
1.0  per  cent  by  weight  of  “fixed”  oxygen 
Evolve  approximately  1  mg.  of  carbon  dioxide 
per  gram  of  sample. 

Thermal  Decomposition  of  the 
Surface  Complex 

It  is  known  that  the  gaseous  products 
Dbtained  from  the  thermal  decomposition  of 
partly  oxidized  coals  contain  larger  propor¬ 
tions  of  the  oxides  of  carbon  than  do  those 
:rom  virgin  coals. 


Table  III.  Determination  of  Acid  Groups  on  Oxidized 

Coals 


Temperature 
of  Oxidation 

Time 

O2  Fixed 

CO2 

Carboxyl 

°  c. 

Hours 

. - Millimoles  per 

Pocahontas  No.  3  Coal 

0 

0.36 

75 

240 

6.13 

0.31 

75 

306 

6.60 

0.29 

100 

261 

21.1 

0.52 

0.32 

100 

312 

21.8 

0.61 

0.50 

125 

99 

47.4 

0.66 

0.60 

125 

215 

79.0 

0.95 

1.18 

Pittsburgh  Coal 

0 

3.14 

75 

223 

23.75 

75 

319 

32.98 

100 

168 

66.1 

5.71 

5.i4 

100 

240 

60.4 

5.07 

3.86 

100 

52 

31.7 

4.43 

2.58 

126 

43 

90.6 

5.09 

3.90 

125 

212 

163.1 

7.46 

8.64 

30 

507 

3.64 

1.00 

Illinois  No.  6  Coal 

0 

4.28 

75 

246.5 

32.73 

11.02 

13.58 

75 

323.0 

44.83 

100 

260 

87.8 

12.56 

16.56 

100 

62 

63.7 

8.95 

9.34 

125 

46 

125.0 

14.98 

21.40 

125 

148 

159.6 

15.32 

22.08 

j  In  order  to  collect  the  gaseous  products  quantitatively,  ap¬ 
proximately  10  grams  of  the  coal  sample  were  placed  in  the  bot- 
i  tom  of  a  small  molecular  still,  such  as  that  shown  in  Figure  7. 
The  still  was  evacuated  through  a  small  multiple-stage  mercury 
diffusion  pump  which  was  in  turn  backed  by  a  Toepler.  The 
•discharge  tube  of  the  Toepler  delivered  the  evolved  gases  into  a 
mercury-filled  gas  sampling  tube.  The  collected  gas  was  meas¬ 
ured  and  analyzed  in  an  Orsat  apparatus  and  the  volumes  were 
calculated  to  standard  conditions.  It  was  found  convenient  to 
cover  the  coal  sample  with  a  200-mesh  nickel  screen  to  prevent 
spurting  when  gas  evolution  became  rapid.  The  condenser  of  the 
still  was  kept  filled  with  a  dry  ice-ethylene  chloride  mixture  to 
•  freeze  out  water  and  hydrocarbon  vapors.  Heat  was  applied  to 
|  the  still  by  means  of  an  electrically  heated  aluminum  block. 
Temperatures  were  controlled  to  ±5  °  C.  The  whole  system  was 
thoroughly  evacuated  at  room  temperature,  10 ~3  mm.  of  mer- 
I  cury,  raised  to  350°  in  45  minutes,  and  maintained  at  that  tem- 
I  perature  for  3  hours  with  continuous  evacuation. 


The  results  are  shown  in  Table  IV  and  Figure  8.  It  is 
evident  that  this  is  a  more  sensitive  procedure  for  determin¬ 
ing  surface  oxidation  of  coal,  since  a  much  larger  fraction  of 
the  oxygen  appears  as  a  measurable  product,  in  this  case 
oxides  of  carbon,  than  was  the  case  in  the  carboxyl  group 
determination.  The  particular  experimental  arrangements 
used  did  not  permit  the  determination  of  water  vapor.  Modi¬ 
fication  of  the  analytical  procedure  to  permit  determination 
of  the  water  evolved  might  increase  the  sensitivity  consider¬ 
ably,  since  it  seems  probable  that,  as  in  the  oxidation  step 
itself,  the  larger  fraction  of  the  oxygen  appearing  as  volatile 
products  will  be  as  water.  Carbon  monoxide  appeared  in  all 
samples  in  small  amounts. 

Summary 

A  number  of  possible  methods  for  determining  the  extent 
of  surface  oxidation  of  bituminous  coals  have  been  examined 
qualitatively.  These  were  sorption  of  electrolytes;  pH  of 
aqueous  suspensions;  sorption  of  basic  organic  compounds; 
carboxyl  group  determination ;  oxidation-reduction  potential ; 
rate  of  oxidation;  rate  of  drying;  thermal  decomposition 
of  the  surface  complex.  Of  these,  only  two — carboxyl 
group  determination  and  thermal  decomposition  of  surface 
complex — showed  sufficient  promise  to  justify  detailed 


Figure  6.  Carboxyl  Groups  on  Coau  as  a 
Function  of  Degree  of  Oxidation 
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Figure  7  (Left). 
Molecular  Still 


Figure  8.  Carbon  Dioxide  from  Decomposition 
of  Coal  as  a  Function  of  Degree  of  Oxidation 


nxeci  oxygen  was  so 
evolved  than  in  the 
above  test,  this  is  a 
more  sensitive  proce¬ 
dure  for  the  measure¬ 
ment  of  the  extent  of 
surface  oxidation,  par¬ 
ticularly  in  the  case  of 
high-rank  coals. 

More  exact  evalua¬ 
tion  of  the  usefulness 
of  these  methods  de¬ 
pends  upon  their  appli¬ 
cation  to  naturally  aged 
coal  samples  and  cor¬ 
relation  of  the  analyti¬ 
cal  results  with  carbon¬ 
ization  tests. 


examination.  For  this  purpose  sam¬ 
ples  of  three  typical  bituminous 
coals — Pocahontas  No.'  *3,  Pitts¬ 
burgh,  and  Illinois  No.  6— were  oxi¬ 
dized  at  75°,  100°,  and  125°  C.  for 
varying  periods  and  under  such 
that  the  extent  of  oxidation  was  definitely 
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A  method  is  described  for  the  determina¬ 
tion  of  chlorine,  bromine,  and  iodine  in 
organic  compounds.  The  sample  is  de¬ 
composed  by  vaporizing  it  into  a  stream  of 
combustible  gas  which  is  then  burned  at  a 
jet.  The  products  of  combustion  are  col¬ 
lected  in  a  suitable  absorption  medium, 
and  the  resulting  alkali  halide  is  deter¬ 
mined  by  a  standard  method.  This  pro¬ 
cedure  has  been  employed  with  thirty-six 
different  compounds,  covering  a  wide  range 
of  physical  properties  from  low-boiling 
liquids  (gases)  to  high-melting  solids,  some 
of  which  contained  more  than  one  halogen. 

By  the  substitution  of  silver,  lead,  or  copper 
for  glass  in  certain  parts  of  the  apparatus, 
the  method  should  be  equally  satisfactory 
for  the  analysis  of  organic  fluoro-  com¬ 
pounds.  The  suggested  procedure  is  eco¬ 
nomical  of  time  and  equipment,  and  com¬ 
pares  favorably  with  other  methods  in 
accuracy  and  precision. 

THE  literature  of  organic  halogen  determination  has  been 
surveyed  in  some  detail  recently  (3),  and  need  not  be 
eviewed  here.  This  paper  presents  a  method  of  decomposing 
he  sample  and  recovering  the  halogen  in  a  form  suitable  for 
letermination  by  any  well-known  standard  method.  The 
principal  advantages  offered  over  others  in  common  use  are 
he  short  time  required  for  an  analysis,  the  simplicity  of  the 
ipparatus  without  sacrifice  of  accuracy  and  precision,  and 
he  ease  with  which  such  stable  compounds  as  the  chloro- 
luoromethanes  are  decomposed. 

I  The  nearest  approach  to  the  method  described  below  is 
hat  of  Cadenbach  (1)  for  the  determination  of  fluorine. 
Ladenbach  vaporized  or  decomposed  the  sample  in  a  stream 
>f  hydrogen  in  a  silver  tube,  and  burned  the  gas  mixture 
bit  a  jet,  collecting  the  products  through  a  silver  funnel  and 
ube  in  a  standard  solution  of  alkali  contained  in  a  gas- 
^vashing  bottle. 

.'  A  modification  of  the  lamp  method  of  determining  sulfur 

tn  gasoline  has  been  applied  to  the  determination  of  small 
imounts  of  chlorine  in  gasoline  (6).  It  is  assumed  that  the 
■hlorine  emerges  from  the  combustion  process  in  the  form  of 
•  lydrochloric  acid,  and  that  it  can  be  determined  by  absorp- 
ion  in  a  standard  solution  of  alkali.  This  assumption  may, 
nerhaps,  be  valid  when  the  chlorine  content  of  the  sample  is 
ery  low,  but  if  more  than  a  trace  of  halogen  is  present,  some 
t  >f  it  is  oxidized  beyond  the  halide  stage.  The  free  halogen 
nay  be  readily  detected  in  the  products  of  combustion, 
n  order  to  ensure  the  quantitative  recovery  of  the  halogen 
is  halide  ion,  the  products  of  combustion  must  be  collected 
n  an  alkaline  solution  containing  a  reducing  agent  which 


will  not  interfere  in  the  subsequent  determination  of  the 
halogen. 

The  work  of  Hass  and  others  (4)  on  the  chlorination  of 
methane  required  the  determination  of  methyl  chloride  in  a 
mixture  with  methane.  They  mixed  the  sample  with  an 
excess  of  air  and  passed  it  through  a  clay  combustion  tube 
at  1000°  C.,  collected  the  products  of  combustion  in  wash 
bottles  containing  a  solution  of  sodium  carbonate  and  sodium 
arsenite,  and  titrated  the  chloride  by  the  Mohr  method. 
Their  procedure  was  adapted  from  one  described  earlier  by 
Martinek  and  Marti  (5). 


In  the  method  of  analysis  proposed  in  this  report,  the 
sample  is  decomposed  by  burning  it  in  a  stream  of  halogen- 
free  combustible  gas  at  a  small  jet  under  a  chimney  through 
which  the  products  of  combustion  are  carried  away  in  a 
stream  of  air  drawn  through  a  gas-washing  bottle  containing 
an  absorption  solution  of  sodium  carbonate  or  hydroxide  and 
sodium  arsenite.  After  the  combustion  of  the  sample,  the 
halide  is  determined  in  the  absorption  solution  by  a  modified 
Volhard  procedure. 

Reagents  and  Solutions  Required 

The  solution  used  in  the  gas-washing  bottle  to  absorb  the 
halogen  was  approximately  0.2  A  with  respect  to  sodium  carbon¬ 
ate  or  hydroxide,  and  0.1  A  with  respect  to  sodium  arsenite.  The 
sodium  arsenite  is  readily  obtained  by  dissolving  the  requisite 
amount  of  arsenic  trioxide  in  a  little  sodium  hydroxide.  The 
final  solution  should  be  tested  to  be  sure  that  it  is  free  of  halide. 

The  inorganic  halide  ion  in  the  absorption  solution  may  be 
determined  by  any  suitable  method,  but  the  Caldwell  and  Moyer 
modification  (2)  of  the  volumetric  procedure  of  Volhard  was 
chosen  for  its  convenience  in  making  a  large  number  of  deter¬ 
minations.  A  0.1  A  solution  of  silver  nitrate  and  a  0.05  A  solu- 
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tion  of  potassium  thiocyanate  were  prepared  and  standardized 
against  pure  sodium  chloride  and  against  constant-boiling  hydro¬ 
chloric  acid.  Other  reagents  needed  are  halogen-free  concen¬ 
trated  nitric  acid,  nitrobenzene,  and  ferric  sulfate. 

Description  of  Apparatus 

Two  forms  of  apparatus  are  required,  one  for  solid  and  high- 
boiling  (above  100°  C.)  liquid  samples,  and  the  other  for  low- 
boiling  liquids  and  condensable  gases. 

Figure  1  shows  the  apparatus  used  for  solids  and  high-boiling 
liquids.  ABC  is  a  U-tube  made  of  9-nun.  glass  tubing  on  the  A 
side,  and  of  1-mm.  capillary  on  the  C  side.  It  may  be  suspended 
by  a  wire  loop  from  the  stirrup  hook  of  the  balance,  thus  serving 
as  the  vessel  for  weighing  the  sample.  Solid  samples  are  intro¬ 
duced  at  A  and  shaken  down  to  B.  Liquids  are  best  introduced 
at  C  by  means  of  a  medicine  dropper  drawn  out  to  a  fine  capillary. 
If  both  legs  of  the  U-tube  are  capillary,  liquids  boiling  as  low  as 
SO0  C.  may  be  handled  satisfactorily,  but  as  a  rule  it  is  better  to 
use  this  form  of  apparatus  only  with  the  higher-boiling  sub¬ 
stances.  A  large  sample  may  be  burned  by  increasing  the  size  of 
the  B  portion  of  ABC. 

D  is  an  ordinary  glass  adapter  commonly  found  in  any  labora¬ 
tory,  serving  as  a  chimney  in  which  the  flame  burns  in  a  stream  of 
air  drawn  through  the  absorber,  E.  If  E  is  provided  with  a 
fritted-glass  dispersion  disk,  a  single  absorber  is  sufficient.  G  is  a 
stopcock  to  control  the  rate  of  flow  of  the  air  stream.  F  is  a  small 
crucible  furnace  used  to  melt  and  vaporize  the  sample.  The  heat 
of  this  furnace  is  controlled  by  means  of  a  variable  transformer. 
A  thermometer,  T,  assists  in  regulating  the  temperature  in  the 
furnace.  It  is  necessary  that  the  C  side  of  the  U-tube  be  entirely 
within  the  furnace,  in  order  to  avoid  condensation  of  the  sample 
in  the  capillar}' .  The  whole  apparatus,  except  the  furnace,  is 
mounted  on  one  supporting  rin^  stand,  so  that  the  assembly  may 
be  handled  as  a  unit  and  lifted  into  or  out  of  the  furnace  without 
interrupting  combustion.  The  dimensions  of  the  various  parts 
are  not  very  critical,  and  are  determined  largely  by  the  materials 
at  hand.  It  is  suggested,  however,  that  the  absorber  be  of  200- 
to  250-ml.  capacity,  and  the  dispersion  disk  of  medium  porosity. 


Figure  2.  Apparatus  for  Low-Boiling  Liquids 


Figure  2  shows  the  apparatus  used  for  low-boiling  liquid  sam¬ 
ples.  The  weighed  sample  contained  in  the  glass  bulb,  B, 
evaporates  into  A  when  the  stem  of  the  bulb  is  broken,  and  the 
vapor  is  swept  out  by  a  stream  of  combustible  gas  entering 
through  the  tube,  C,  and  is  burned  at  F  under  the  chimney,  D. 


Some  of  the  gas  which  burns  at  F  is  introduced  through  the  side 
arm,  L,  in  order  to  keep  the  flame  burning  when  the  mixture  com¬ 
ing  from  A  may  be  too  rich  to  burn  by  itself.  Screw  clamps  on 
the  rubber  tubing  at  ./  and  K  control  the  flow  of  gas.  A  slight 
file  scratch  is  made  on  the  stem  of  the  sample  bulb  before  it  is 
introduced  into  A,  and  the  stem  is  broken  off  by  manipulation  of 
tube  C  in  the  flexible  rubber  stopper,  E.  In  the  case  of  highly 
volatile  samples,  A  must  be  cooled  before  the  sample  bulb  is 
opened ;  and  the  less  volatile  samples  must  eventually  be  warmed 
gently  to  hasten  evaporation.  This  may  be  accomplished  by 
means  of  a  suitable  liquid  bath  surrounding  tube  A.  The  spark 
igniter,  I,  is  not  absolutely  essential  but  it  is  very  convenient  and 
often  saves  a  determination  when  the  flame  happens  to  go  out 
when  the  sample  bulb  is  opened.  It  consists  of  two  pieces  of 
Nichrome  wire  mounted  through  a  piece  of  rubber  stopper,  M. 
and  connected  to  an  induction  coil.  The  absorber  and  chimney 
are  the  same  as  in  Figure  1. 

The  preparation  of  sample  bulbs  requires  no  great  glass-blowing 
skill.  A  fine  capillary,  0.5  to  1  mm.  in  diameter  and  25  cm.  in 
length,  is  drawn  from  Pyrex  tubing  in  the  usual  manner,  a  thin 
bulb  6  or  7  mm.  in  diameter  is  blown  on  one  end,  and  the  stem  is 
bent  in  the  middle  to  an  angle  of  45°.  After  weighing  the  empty 
bulb,  the  open  end  of  the  capillary  stem  is  put  into  the  liquid  to 
be  sampled  and  the  bulb  is  immersed  in  a  cold  bath.  For  some 
substances  an  ice-water  bath  is  cold  enough,  but  others  will  re¬ 
quire  a  bath  such  as  acetone  and  dry  ice.  A  little  liquid  is  drawn 
into  the  chilled  bulb,  but  not  enough  to  fill  it.  It  is  then  with¬ 
drawn  from  the  bath  and  warmed  a  little  with  the  fingers,  thus 
expelling  more  or  less  of  the  air.  A  second  immersion  in  the  cold 
bath  will  usually  draw  in  a  sufficient  sample.  In  no  case  should 
the  bulb  be  completely  filled;  it  will  burst  on  warming  to  room 
temperature  unless  there  is  some  free  space  to  allow  for  expansion 
of  the  liquid.  When  the  proper  amount  of  sample  has  been 
drawn  into  the  bulb,  the  steam  is  sealed  off  at  the  bend  while  the 
bulb  is  still  in  the  cold  bath.  The  sealed  off  portion  of  the  stem 
is  passed  through  a  flame  to  remove  any  liquid  remaining  in  it, 
and  the  filled  bulb  and  stem  are  weighed  together  after  thev 
have  come  to  room  temperature. 

Details  of  Analytical  Procedure 

Solid  Samples.  Weigh  the  clean  and  dry  U-tube  (ABC, 
Figure  1)  suspended  from  the  stirrup  hook  of  the  balance  by 
means  of  a  wire  loop.  Introduce  the  appropriate  amount  of 
sample  (usually  0.1  to  0.2  gram)  through  A,  and  shake  it  down  to 
B.  Weigh  the  tube  and  contents. 

Assemble  the  apparatus  as  shown  in  Figure  1.  Absorber  E 
should  contain  approximately  50  ml.  of  the  carbonate-arsenite 
solution,  and  cock  G  should  have  been  previously  adjusted  to 
allow  just  enough  air  through  the  system  to  support  the  flame. 
Turn  on  the  gas  enough  to  give  a  flame  1  cm.  high,  ignite  it  at  C, 
and  at  once  put  the  chimney  over  the  flame.  Turn  on  the  current 
in  heater  F  and  adjust  it  so  that  the  temperature  rises  slowly  to¬ 
ward  the  sublimation  point  or  boiling  point  of  the  sample.  The 
volatilization  characteristics  of  various  substances  differ  greatly, 
but  experience  soon  teaches  the  operator  the  proper  handling  in 
each  case.  The  character  of  the  flame  serves  as  a  useful  and 
convenient  guide  to  the  proper  heat  treatment  of  the  sample. 
Some  organic  halogen  compounds  impart  a  fairly  bright  blue  or 
green  color  to  the  nearly  colorless  flame  of  the  city  gas,  while 
others  make  it  brilliantly  luminous  with  a  white  or  yellow  light, 
and  if  the  vaporization  rate  is  too  great  the  flame  usually  becomes 
smoky  and  soot  may  be  deposited  in  the  chimney. 

Soon  after  the  sample  has  disappeared  and  the  color  of  the 
flame  indicates  that  it  is  all  burned,  turn  off  the  gas,  disassemble 
the  apparatus,  remove  the  chimney  from  the  absorber,  and  rinse 
carefully  into  the  absorption  flask  the  inlet  tube  and  dispersion 
disk  and  the  inside  of  the  cap.  To  the  solution  in  the  flask,  add 
either  from  a  buret  or  by  means  of  a  transfer  pipet  a  slight  excess 
of  the  standard  0.1  A  silver  nitrate  solution.  A  sufficient  excess 
of  silver  nitrate  is  indicated  by  the  appearance  of  a  yellow  -brown 
precipitate  of  silver  arsenite  in  the  alkaline  solution.  Add  2  ml. 
of  concentrated  nitric  acid,  0.5  gram  of  ferric  sulfate  (powdered 
solid),  and  3  ml.  of  nitrobenzene  for  each  10  ml.  of  silver  nitrate 
used.  Stir  the  mixture  vigorously  until  the  precipitate  has 
coagulated,  and  then  titrate  the  excess  silver  with  the  standard 
0.05  N  thiocyanate  solution.  The  author  prefers  to  add  both 
standard  solutions  from  burets  and  to  cross  the  end  point  several 
times  in  each  direction. 

High-Boiling  Liquid  Samples.  If  the  substance  boils  above 
100°  C.,  proceed  as  described  above  for  solid  substances,  but 
introduce  the  sample  at  C  by  means  of  a  capillary  medicine 
dropper. 

Low-Boiling  Liquid  Samples.  If  the  substance  to  be  ana¬ 
lyzed  boils  below  80°  to  100°  C.,  it  probably  cannot  be  weighed 
and  burned  in  the  apparatus  shown  in  Figure  1  without  losing 
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some  of  the  sample.  It  must,  therefore,  be  sealed  in  a  small 
3-lass  bulb  for  weighing,  and  burned  in  the  apparatus  shown  in 
Figure  2.  The  sample  bulbs  are  made  and  filled  as  previously 

directed.  ,  ,  ,  ,, 

Make  a  small  file  scratch  on  the  stem  of  the  sealed  bulb  con- 
-aining  the  weighed  sample,  2  or  3  cm.  from  the  bulb,  and  care- 
"ully  insert  the  bulb  into  tube  A  (Figure  2).  Replace  tube  C, 
aking  care  not  to  break  the  sample  bulb  or  its  stem.  ( >pen  the 
■crew  clamp,  J,  until  A  is  filled  with  the  fuel  gas  or  hydrogen. 
Then  close  J  and  open  K,  ignite  the  gas  at  F,  and  adjust  A'  to  give 
a  flame  1  cm.  high.  The  sample  must  then  be  cooled,  if  neces¬ 
sary,  to  bring  it  somewhat  below  its  normal  boiling  point  in  order 
:o  prevent  too  rapid  evaporation  when  the  bulb  is  opened.  This 
nav  be  easily  accomplished  by  immersing  A  in  the  same  cooling 
hath  that  was  used  in  sealing  the  sample  bulb.  If  the  boiling 
aoint  of  the  sample  is  considerably  above  room  temperature,  no 

fooling  will  be  necessary.  Xow  assemble  the  absorber  as  de- 
cribed  above,  place  the  chimney  over  the  flame,  and  break  the 
tern  of  the  sample  bulb  by  manipulating  C  in  the  flexible  rubber 
topper,  E.  Open  J  a  little  and  partially  close  K  to  maintain  the 
lame  at  a  height  of  1  cm. 

If  the  sample  boils  below  room  temperature,  it  will  evaporate 
satisfactorily  without  further  attention  as  A  gradually  warms  up 
o  room  temperature.  Less  volatile  substances  will  require  the 
ipplication  of  some  heat  to  hasten  the  evaporation.  This  is  best 
accomplished  by  means  of  a  water  bath  around  A,  which  is 
Seated  slowly  toward,  and  eventually  above,  the  boiling  point  of 
he  sample.  After  the  sample  has  ah  evaporated,  close  K  and 
ipen  J  a  little  more,  and  allow  the  fuel  gas  to  sweep  through  A 
or  a  few  minutes  after  the  flame  color  indicates  that  the  sample 
s  all  burned.  Determine  the  halide  in  the  absorption  solution  as 
described  above  for  solid  samples. 

Discussion  of  Method  and  Results 

The  accuracy  and  precision  of  the  procedures  may  be 
udged  by  the  results  listed  in  Table  I.  Some  of  these  com- 
oounds  were  purified  as  indicated  in  the  table,  and  in  each  case 
he  halogen  content  was  checked  by  the  peroxide  bomb 
nethod  of  decomposing  the  sample.  The  average  results 
dv  the  proposed  method  are  in  substantial  agreement  with 
:hose  obtained  by  the  older  method,  and  the  average  deviation 
Tom  the  average  value  is  not  much  over  0.1  per  cent  of  the 
average  value.  This  is  the  order  of  magnitude  of  the  preci¬ 
sion  of  ordinary  analytical  work.  Further  refinements  in 

the  technique  would  undoubtedly  lead  to  a  higher  degree  of 
decision.  For  the  purpose  of  computing  averages,  one  more 
Agure  is  retained  in  the  results  than  could  ordinarily  be 
justified. 


Table  I.  Analysis 

of  Compounds  of  Known  Halogen 

Content 

Compound 

No.  of 

✓ - %  Halogen - - 

Deviation 

Check 

Analyzed 

Detns. 

Theory 

Found 

Av. 

Max. 

Analysis- 

Methyl  chloride  & 

11 

Cl  70 . 23 

70.25 

0.09 

0.17 

70. 20 

:  Dichloromono- 

fluoromethane  c 

13 

Cl  68.90 

68.87 

0.07 

0.13 

68.89 

b-Bromotoluene  d 

14 

Br  46.72 

46.78 

0.04 

0.08 

46.72 

■Chloral  hydrate e 

12 

Cl  64 . 32 

64.32 

0.08 

0.13 

64.26 

i;>-Chloro-2,3,3-tri- 

(  methylbutane/ 

16 

Cl  26.33 

26.11 

0.04 

0.11 

26.09 

■p-Bromoiodoben- 

6 

Br  28.25 

28.19 

0.04 

0  08 

28.20 

M  zene» 

I  44.86 

44.76 

0.07 

0.12 

44.76 

]  a  Check  analyses  by  peroxide  bomb  method. 

1  &  Commercial  product,  redistilled;  boiled  at  —23 

.9°  C. 

,  744  mm. 

I  c  Commercial  product,  redistilled;  boiled  at  8.7°  C.,  738  mm. 

I  <*  Purified  by  fractional  crystallization;  m.  p.,  26.5°  C.  to  27.5°  C. 
I  e  Sublimed;  m.  p.t  52°  C.  to  53°  C. 

I  /  Recrystallized  from  petroleum  ether;  m.  p.,  130°  C.  to  131°  C. 
0  Analyzed  as  received;  m.  p.,  87°  C.  to  89°  C. 


One  compound  in  Table  I  requires  further  comment.  The  p- 
bromoiodobenzene  should  perhaps  not  have  been  included,  since 
it  was  not  so  pure  as  the  listed  results  would  indicate.  The 
values  for  bromine  and  iodine  were  calculated  by  assuming 
equivalent  quantities  of  the  two  halogens  and  simply  dividing 
the  titration  value  by  two.  Actually,  however,  the  combined 
silver  halides  were  recovered  and  weighed  in  each  case,  and  the 
true  value  of  each  halogen  was  calculated  from  the  titration 
value  and  the  weight  of  precipitate.  This  method  of  determining 
two  halogens  together  is  not  very  good,  since  small  experimental 


Table  II.  Analysis  of  Various  Organic  Halogen 
Compounds 


Compound  Analyzed 

Dichlorodifluoromethane, 
b.  -30° 

Ethyl  chloride,  b.  12° 

Ethyl  bromide,  b.  38° 

Methyl  iodide,  b.  42.5° 
Chloroform,  b.  61° 

Carbon  tetrachloride,  b.  76-7° 
n-Butyl  chloride,  b.  78° 

7i-Amyl  chloride,  b.  108° 
Chloropicrin,  b.  112° 
Tetrachloroethylene,  b.  121° 
n-Amyl  bromide,  b.  128-9° 
Ethylene  chlorohydrin,  b.  129° 
Chlorobenzene,  b.  132° 
o-Chlorofluorobenzene,  b.  235-6° 
/3-Chloroethyl  chloroformate, 
b.  61-3°  at  21  mm. 
/3-Chloroethyl  acetate,  b.  145° 
Trimethylene  bromide,  b.  167° 
/3,/3'-Dichlorodiethyl  ether, 
b.  178° 

Benzyl  chloride,  b.  179°_ 
o-Bromophenol,  b.  194-5° 
Chloral  alcoholate,  m.  56-7° 
Chloroacetophenone,  m.  59° 
Chloroacetic  acid,  m.  62-4° 
p-Bromophenol,  m.  63.5° 
p-Dibromobenzene,  m.  87—8° 
Iodoform,  m.  119°,  sublimes 
Hexabromoethane,  m.  148-9°, 
sublimes 

Hexachlorobenzene,  m.  227°, 
sublimes 

Benzidine  hydrochloride 
Phenylhydrazine  hydrochloride, 
m.  240-1° 


No.  of 

. - %  Halogen - . 

Average 

Devia¬ 

Detns. 

Theory 

Found 

tion 

2 

Cl 

58. 64 

58.4 

0.1 

2 

Cl 

54 . 95 

53.0 

0.0 

4 

Br 

73.33 

73.1 

0.1 

3 

I 

89.41 

89.4 

0.2 

3 

Cl 

89.08 

88.2 

0.2 

2 

Cl 

92.19 

91.9 

0.2 

7 

Cl 

38.30 

36.9 

0.0 

7 

Cl 

33  .-26 

33.0 

0.1 

2 

Cl 

64.70 

63.7 

0.0 

3 

Cl 

85.51 

85.2 

0.2 

4 

Br 

52.89 

51.9 

0.2 

2 

Cl 

44.03 

43.2 

0.0 

2 

Cl 

31.50 

31.4 

0.0 

2 

Cl 

27.16 

27.1 

0.0 

2 

Cl 

49.60 

49.6 

0.1 

3 

Cl 

28.93 

30.0 

0.0 

3 

Br 

79.16 

77 . 5 

0.0 

2 

Cl 

49.58 

49.6 

0.0 

2 

Cl 

28.01 

27.7 

0.1 

3 

Br 

46.18 

45.8 

0.1 

3 

Cl 

54.98 

54.7 

0.0 

2 

Cl 

22.93 

23.1 

0.0 

2 

Cl 

37.52 

37.3 

0.0 

2 

Br 

46.18 

46.3 

0.0 

2 

Br 

67.75 

67.8 

0.0 

2 

I 

96.69 

97.0 

0.1 

2 

Br 

95.24 

95.2 

0.0 

3 

Cl 

74.70 

73.9 

0.0 

2 

Cl 

27.57 

27.5 

0.0 

2 

Cl 

24.52 

24.4 

0.1 

errors  are  magnified  in  the  final  values,  but  it  showed  31.4  per  cent 
bromine  and  39.6  per  cent  iodine,  which  is  approximately  the 
halogen  content  of  a  mixture  containing  89.6  per  cent  bromoiodo- 
benzene  and  10.4  per  cent  dibromobenzene.  The  compound  was 
left  in  the  table,  however,  because  the  peroxide  bomb  method 
gave  almost  identical  results,  and  because  it  shows  that  the 
method  is  satisfactory  for  recovering  total  halogen. 

The  proposed  procedure  was  also  applied  to  a  wide  variety 
of  other  organic  halogen  compounds  (Table  II).  Most  of 
these  substances  were  taken  from  stock  reagent  bottles  and 
come  were  obviously  not  pure.  The  agreement  with  theory 
is  close  enough,  however,  to  indicate  that  these  compounds 
can  all  be  analyzed  successfully  by  this  method.  The  method 
should.be  applicable  to  any  substance  which  can  be  vapor¬ 
ized  without  too  much  pyrolysis.  Failure  to  obtain  satis¬ 
factory  analyses  was  experienced  in  the  case  of  two  solid 
compounds  (3,5-dinitrobenzoyl  chloride  and  2,6-dibromo- 
quinonechloroimide) ,  both  of  which  decomposed  on  melting 
and  left  a  carbonaceous  residue  which  apparently  retained 
some  of  the  halogen. 

Hydrogen  or  some  other  combustible  gas  may  be  used 
to  sweep  out  the  vaporized  sample,  but  the  city  gas  supply 
is  considerably  more  convenient  to  use  if  it  shows  a  negligible 
blank. 

Attempts  were  made  to  determine  fluorine  in  several 
organic  compounds,  using  the  same  apparatus  as  for  the  other 
halogens.  The  results  were  always  low  and  were  somewhat 
erratic.  This  was  not  surprising,  however,  because  the 
glass  of  the  collecting  chimney  and  of  the  inlet  tube  of  the 
absorption  flask  was  severely  etched.  But  neither  the  vessel 
where  the  sample  was  vaporized  nor  the  absorption  flask 
itself  was  etched,  and  in  the  light  of  Cadenbach’s  success 
with  apparatus  made  of  silver  ( 1 ),  there  is  no  apparent  reason 
why  the  fluoro-  compounds  could  not  be  analyzed  satis¬ 
factorily  by  the  proposed  method  if  the  collecting  chimney 
and  the  inlet  tube  of  the  absorber  were  made  of  a  suitable 
material,  such  as  copper,  silver,  or  lead.  This  possibility 
is  under  investigation  at  the  present  time.  Especially 
encouraging  is  the  fact  that  the  two  chlorofluoromethanes 
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and  the  o-chlorofiuorobenzene  listed  in  the  tables  yielded 
substantially  correct  values  for  the  chlorine.  This  indicates 
that  the  decomposition  of  the  samples  containing  fluorine 
is  accomplished  satisfactorily,  and  that  the  only  remaining 
problem  is  that  of  recovering  the  fluorine  quantitatively. 

The  time  required  for  the  analysis  of  a  sample  varies  con¬ 
siderably,  depending  upon  the  physical  characteristics  of  the 
substance.  Excluding  the  time  required  for  preparation 
of  apparatus  and  standard  solutions,  but  including  the 
sampling  and  calculation  of  results,  the  analysis  of  a  very 
volatile  substance  such  as  methyl  chloride  may  be  com¬ 
pleted  in  35  to  40  minutes,  and  may  be  turned  out  in  a 
routine  manner  at  the  rate  of  one  analysis  every  15  minutes. 
Other  substances  may  require  as  much  as  30  to  45  minutes 


for  the  vaporization  and  burning  of  the  sample.  Much  alsc 
depends  upon  the  experience  of  the  analyst. 
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Determination  of  Sulfur  Residues  from  Sulfur 
Application  on  Citrus  Foliage 

F.  A.  GUNTHER,  R.  L.  BEIER1,  AND  J.  P.  LaDUE 
University  of  California  Citrus  Experiment  Station,  Riverside,  Calif. 


Elemental  sulfur  (98  per  cent  sulfur  by 
weight)  mixed  with  a  sulfur-free  spray  oil 
was  applied  to  lemon  leaves  and  then 
stripped  off  with  purified  carbon  disulfide. 
After  removal  of  the  solvent,  the  sulfur  was 
oxidized  to  inorganic  sulfate  by  alkali 
fusion,  and  the  sulfate  ion  was  determined 
gravimetrically  by  precipitation  as  the 
barium  salt.  No  special  apparatus  was  re¬ 
quired,  and  10  to  200  micrograms  of  sulfur 
per  square  centimeter  of  leaf  surface  were 
determined  rapidly  and  accurately  in  field 
practice. 

ELEMENTAL  sulfur  has  long  been  used  for  the  sup¬ 
pression  of  various  insect  and  mite  pests  and  diseases 
of  agricultural  crops.  It  has  been  applied  to  the  plants  by 
different  methods  and  in  various  combinations  with  inert 
materials  and  with  other  insecticides.  The  practice  of 
applying  elemental  sulfur  and  petroleum  spray  oils  simul¬ 
taneously  has  brought  up  the  difficulty  of  rapidly  determin¬ 
ing  this  elemental  sulfur  quantitatively  in  the  presence  of 
low  concentrations  of  an  oil  of  low  volatility. 

The  usual  procedure  (4,  11)  has  been  to  oxidize  the  ele¬ 
mental  sulfur  to  sulfate,  which  is  then  precipitated  with  a 
soluble  barium  salt  and  weighed  as  barium  sulfate.  To  sim¬ 
plify  the  procedure  in  work  with  spray  residues,  a  preliminary 
extraction  (3,  4,  8,  11)  of  the  sulfur  from  the  plant  material, 
followed  by  an  oxidation  process,  is  the  most  logical  method. 
If  the  whole  sample  is  oxidized  in  an  alkaline  fusion  ( 2 ,  12), 
the  time  element  involved  becomes  prohibitive.  This  same 
objection  applies,  generahy,  to  methods  in  which  the  ele¬ 
mental  sulfur  is  reduced  to  sulfide  ( 6 ) . 

Even  when  simplified  as  to  size  and  heterogeneity  of 
sample,  the  gravimetric  methods  are  usually  time-consuming. 
Several  volumetric  (7,  9,  10,  13,  14)  and  photometric  (Jo) 

1  Present  address,  16th  Bombardment  Wing,  Biggs  Field,  El  Paso,  Texas. 


procedures  for  the  estimation  of  the  sulfate  ion  have  beei 
proposed,  but  these  methods  often  require  special  equipmen 
or  are  otherwise  unsuited  to  the  rapid  determination  of  i 
small  amount  of  elemental  sulfur,  in  the  presence  of  petroleun 
spray  oils  and  spreading  (wetting)  agents,  which  are  containec 
in  a  large  amount  of  bulky  material. 

The  present  method  is  an  outgrowth  of  a  study  initiatec 
by  Boyce  et  al.  J),  who  devised  a  sulfur-residue  method  in 
volving  a  mechanical  stripping  of  the  sulfur  from  treater 
leaves  in  the  absence  of  spray  oils,  and  it  combines  th< 
solvent  extraction  or  stripping  technique  of  Thatcher  ant 
Streeter  Jl)  with  an  alkaline  fusion  similar  to  that  of  Whiti 
J2).  Wet-oxidation  methods  using  nitric  acid  and  bromini 
were  found  to  give  variable  and  incomplete  oxidation  (65  t( 
85  per  cent)  of  elemental  sulfur  in  the  presence  of  a  petroleun 
oil. 

Experimental  Procedure 

The  leaf  sample  to  be  analyzed  (usually  125  average-sizet 
mature  leaves)  was  collected  in  a  2-quart  Mason  jar,  which  wa 
capped  and  stored  at  0°  C.  Just  before  the  analysis,  the  leave 
were  removed  from  the  jar  with  specimen  forceps,  and  thei 
surface  areas  were  measured  photoelectrically  (5). 

For  the  extraction  of  the  sulfur,  100  ml.  of  recently  redistillec 
carbon  disulfide  were  added  to  the  jar,  and  the  sample  wa; 
shaken  vigorously  for  2  minutes.  After  decantation  of  th< 
supernatant  liquid  through  a  Buchner  funnel,  another  100-ml 
portion  of  carbon  disulfide  was  added;  the  sample  was  shakei 
for  1  minute,  and  the  supernatant  liquid  was  decanted  througl 
the  same  funnel  into  the  same  receiving  flask.  The  filtrati 
was  transferred  to  a  250-ml.  volumetric  flask,  and  the  funne 
and  receiving  flask  were  washed  carefully  with  50  ml.  of  fresl 
carbon  disulfide.  This  wash  solution  was  then  added  to  th< 
previous  filtrate,  and  the  volume  was  adjusted  to  250  ml.  witl 
additional  carbon  disulfide. 

In  the  meantime,  a  fusion  melt  consisting  of  8  parts  of  pur< 
potassium  hydroxide,  1  part  of  potassium  nitrate,  and  0.3  part  o 
distilled  water  (all  parts  by  weight)  was  prepared.  This  mel 
was  crushed  while  warm  and  stored  in  a  bottle  tightly  stopperec 
with  a  rubber  stopper.  For  each  sample,  3  grams  of  this  crushec 
melt  were  weighed  into  a  20-ml.  silver  crucible,  and  an  accu 
rately  measured  5-ml.  aliquot  of  the  carbon  disulfide  extract  wa; 
pipetted  onto  the  melt  in  the  crucible.  The  carbon  disulfide  wa: 
evaporated  from  the  sample,  under  vacuum,  by  placing  the  cru 
cible  containing  the  sample  on  a  thin  iron  plate;  a  bell  jar  con 
nected  to  the  laboratory  vacuum  line  was  placed  over  the  sample 
and  the  iron  plate  was  wanned  gently  by  means  of  a  light  bull 
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(•  very  sensitive  hot  plate.  (If  the  rate  of  evaporation  was  too 
gh,  spattering  was  likely  to  occur.)  Under  these  conditions  of 
raporation,  the  carbon  disulfide  apparently  did  not  react  with 
ie  fusion  melt. 

When  all  the  solvent  had  been  removed,  the  sample  was  fused 
zer  a  shielded  microburner  with  constant  stirring  with  either  a 
lver  or  a  platinum  wire.  Considerable  care  had  to  be  exer- 
sed  in  increasing  the  temperature  of  the  melt  during  fusion, 
nee  spattering  was  sure  to  occur  if  the  temperature  was  raised 
io  rapidly. 

After  bubbling  had  ceased,  even  over  a  raised  flame,  the 
ucible  was  heated  strongly  until  the  black  deposit  disappeared 
id  the  melt  became  water-clear.  After  cooling,  the  melt  was 
ansferred  to  a  250-ml.  beaker  and  dissolved  in  10  ml.  of  dis¬ 
hed  water,  and  the  excess  potassium  hydroxide  in  it  was  neutral- 
ed  with  6  N  hydrochloric  acid,  phenolphthalein  being  used  as 
dicator.  The  resulting  solution  was  filtered  quantitatively 
to  a  400-ml.  beaker,  and  the  filter  paper  was  washed  with  four 
)-ml.  portions  of  distilled  water.  The  combined  filtrate  and 
ashings  were  brought  to  a  volume  of  300  ml.  with  distilled 
ater,  and  1  ml.  of  6  A  hydrochloric  acid  was  added. 

After  the  acidified  solution  had  been  heated  to  boiling,  0.1  A 
irium  chloride  solution  was  added  dropwise  from  a  buret,  with 
instant  stirring,  until  no  new  precipitate  of  barium  sulfate 
irmed  when  the  mixture  was  allowed  to  settle  for  a  minute  a,nd 
drop  of  the  barium  chloride  solution  was  added  to  a  clear  region 
the  sample  solution.  The  solution  was  kept  just  at  the  boil- 
g  point  during  this  addition.  An  excess  of  10  ml.  of  the  barium 
fioride  solution  was  then  added,  and  the  sample  solution  was 
;pt  hot  for  1  hour  to  allow  time  for  complete  precipitation  of 
ie  barium  sulfate.  A  watch  glass  was  used  to  cover  the  beaker 
;  all  times. 

A  Gooch  crucible  was  prepared  in  the  usual  manner  and  dried 
160°  to  180°  C.  to  constant  weight.  Immediately  before 
tering,  the  sample  was  again  tested  for  complete  precipitation, 
precipitation  was  complete,  the  sample  was  filtered  through 
ie  Gooch  crucible,  care  being  taken  that  no  precipitate  should 
there  to  the  beaker  or  stirring  rod.  The  precipitate  was  washed 
,  least  ten  times  with  hot  water,  until  the  washings  were  free 
om  chloride  ion. 

The  crucible  and  its  contents  were  dried  approximately  1  hour 
-  160°  to  180°  C.  to  constant  weight,  and  the  sample  was 
eighed  as  barium  sulfate.  Blanks  were  run  on  both  untreated 
aves  and  solvent,  and  any  necessary  corrections  were  applied. 

Discussion 

The  method  reported  in  this  paper  is  a  combination  of 
veral  of  the  standard  procedures  for  the  determination  of 
ilfate  ion,  modified  to  eliminate  certain  errors  introduced 
i  the  extraneous  materials  commonly  found  in  oil-spray 
■eparations,  and  to  expedite  the  oxidation  of  sulfur  to 
ilfate. 

About  30  minutes,  exclusive  of  drying  periods,  are  required 
it  one  complete  analysis;  this  value  includes  the  time  re- 
aired  to  measure  the  total  surface  area  of  the  sample.  By 
inning  series  of  samples  simultaneously  and  progressively, 
ie  authors  have  had  no  difficulty  in  analyzing  15  samples 
;r  man  per  8-hour  day. 

In  all  test  analyses,  a  known  weight  of  yellow  dusting  sulfur 
•8  per  cent  sulfur  by  weight),  comparable  to  that  found  in 
;tual  practice  in  the  field  on  a  unit  leaf  surface,  was  added 
i  a  volume  of  a  so-called  “light-medium”  sulfur-free  spray 
1  comparable  to  that  applied  in  actual  field  work.  This 
1-sulfur  mixture  was  then  applied  to  average-sized  mature 
mon  leaves,  the  leaf  surface  areas  were  measured  photo- 
ectrically,  and  the  sample  was  analyzed  for  micrograms  of 
ilfur  per  square  centimeter  of  leaf  surface.  A  small  cor- 
iction  factor  from  blanks  run  on  the  solvent  (1.1  mg.  of 
ilfur  per  5  ml.  of  freshly  distilled  solvent)  was  applied; 
lanks  run  on  untreated  leaves  indicated  that  a  small  cor- 
■ction  factor  (average  value  of  1.5  X  10“2  mg.  of  sulfur 
ur  sq.  cm.  of  leaf  as  used  in  these  test  analyses)  was  usually 
scessary  per  unit  leaf  area,  the  magnitude  of  this  correction 
actor  depending  upon  the  previous  spray  history  of  the 
impled  leaves.  Blanks  run  on  the  oil  indicated  it  to  be 
ilfur  ree.  Results  of  analyses  to  show  the  accuracy  and 
■producibility  of  the  method  are  presented  in  Table  I. 


Table  I.  Analyses  of  Elemental  Sulfur  on  Leaf  Samples 

(125  leaves  each,  containing  known  quantities  of  pure  sulfur  and  a  sulfur- 
free  spray  oil°,  to  show  the  accuracy  and  reproducibility  of  the  method) 


Sample 

Sulfur  Applied 

Sulfur  Recovered  (Corrected) 

Grams 

Grams 

%* 

1 

0.980 

0.974 

99.4 

2 

0.980 

0.985 

100.5 

3 

0.980 

0.945 

96.4 

4 

0.980 

0.944 

96.3 

5 

1.558 

1.558 

100.0 

6 

0.941 

0.922 

98.0 

7 

0.613 

0.606 

98.8 

a  Each  sample  contained  0.5  ml.  of  a  so-called  "light-medium”  spray  oil 
which  had  previously  been  shown  to  contain  no  sulfur,  as  determined  by  the 
present  method. 

b  Coefficient  of  variation  (per  cent),  1.69. 


It  has  been  the  experience  of  workers  at  the  Citrus  Ex¬ 
periment  Station  that  a  coefficient  of  variation  of  1.69  per 
cent,  as  found  in  this  method,  indicates  a  low  variability 
in  methods  to  be  applied  to  the  removal  of  spray  residues  in 
field  experiments. 

This  method  has  been  extensively  used  at  the  University 
of  California  Citrus  Experiment  Station  for  the  determina¬ 
tion  of  sulfur  residues  resulting  from  field  applications  of 
various  forms  of  sulfur  in  combination  with  other  materials 
in  controlstudies  of  the  citrus  thrips,  Scirtothrips  citri  (Moult.) , 
and  the  citrus  bud  mite,  Eriophyes  sheldoni  Ewing.  Greater 
precision,  with  a  consequently  increased  time  requirement, 
obviously  may  be  attained  in  this  method  by  increasing 
the  number  of  extractions  and  thus  the  volume  of  extracting 
solvent.  However,  the  degree  of  accuracy  of  the  method 
as  reported  is  thoroughly  suitable  for  the  purpose  for  which 
the  method  was  devised. 

Interfering  Materials 

The  sulfur-free  spray  oil  added  to  each  sample  (usually 
0.5  ml.  per  125  leaves)  apparently  did  not  interfere  with 
the  accuracy  of  this  method.  Excessive  amounts  of  salts 
formed  during  neutralization,  leading  to  coprecipitation, 
probably  constitute  the  main  source  of  positive  error,  while 
those  forms  of  sulfur  insoluble  in  carbon  disulfide  probably 
constitute  the  main  source  of  negative  error.  Careful 
technique  is  essential  in  obtaining  reproducible  results  with 
this  method. 
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Reductions  with  Nickel-Aluminum  Alloy 

and  Aqueous  Alkali 

Quantitative  Determination  of  Halogens  in  Organic  Compounds 

ERWIN  SCHW  ENK,  DOMENICK  PAPA,  AND  HELEN  GINSBERG 
Chemical  Research  Laboratories,  Schering  Corporation,  Bloomfield,  N.  J. 


A  RECENT  publication  (3)  from  these  laboratories  described 
the  dehalogenation  of  organic  compounds  by  a  nickel- 
aluminum  alloy  and  aqueous  alkali. 

Reduction  as  a  method  for  the  dehalogenation  of  organic  com¬ 
pounds  has  been  known  for  many  years.  The  application  of  re¬ 
duction  methods  for  the  quantitative  determination  of  halogen 
in  organic  compounds  is  based  on  the  conversion  of  halogen  into 
salts  of  the  halogen  acids  and  the  subsequent  estimation  of  the 
halogen  by  standard  analytical  procedures.  For  this  conversion, 
molecular  hydrogen  developed,  for  example,  from  zinc  and  acid 
is  not  generally  applicable,  since  only  a  limited  number  of  organic 
halogen  compounds  quantitatively  undergo  the  halogen  dis¬ 
placement  when  treated  in  this  manner. 

The  introduction  of  catalytically  activated  hydrogen  as  an 
analytical  tool  for  the  dehalogenation  of  organic  compounds  was 
first  described  by  Busch  and  Stove  (i),  who  used  a  palladinized 
calcium  carbonate  catalyst  which  was  prepared  by  heating  an 
aqueous  suspension  of  freshly  prepared  calcium  carbonate  with 
palladium  chloride.  The  organic  compound  was  dissolved  in 
alcohol  or  water  and  then  shaken  at  room  temperature  with  the 
catalyst  and  hydrogen  and  sufficient  alkali  to  neutralize  the 
halogen  acid  formed.  Later,  Kelber  (2)  reported  a  similar  pro¬ 
cedure  using  a  reduced  nickel  catalyst.  Recently,  the  simul¬ 
taneous  reduction  and  dehalogenation  of  chloro-substituted 
azo  compounds  were  reported  to  occur  in  the  presence  of  Raney’s 
nickel  catalyst  and  hydrogen  at  room  temperature  and  pressures 
varying  from  1  to  3  atmospheres  (4).  All  these  methods  when 
adapted  for  analysis  require  the  use  of  hydrogen  gas,  a  reduction 
catalyst  prepared  especially  for  the  reaction,  and  the  usual  ap¬ 
paratus  for  catalytic  reduction. 

It  was  observed  that  on  treatment  with  aqueous  alkali  and  a 
nickel  aluminum  alloy,  quantitative  dehalogenation  of  organic 
compounds  takes  place  (3).  This  reduction  method  has  been 
very  advantageously  used  for  the  quantitative  determination  of 
halogen  in  many  aliphatic,  aromatic,  alicyclic,  and  heterocyclic 
compounds.  The  simple  procedure  and  the  fact  that  only  the 
usual  laboratory  apparatus  is  required  in  carrying  out  the  analysis 
give  it  a  definite  advantage  over  the  other  reduction  methods  for 
the  determination  of  halogen  in  organic  compounds.  In  addi¬ 
tion,  the  results  obtainable  with  this  reduction  method  (100  =*= 
0.3  per  cent)  compare  favorably  in  both  accuracy  and  precision 
with  those  by  any  of  the  other  reduction  methods.  Its  advantages 
over  the  Carius  method  of  heating  with  nitric  acid  in  a  sealed 
tube  or  the  peroxide  oxidation  in  a  Parr  bomb  are  obvious. 

Procedure  for  Analysis 

For  Alkali-Soluble  Compounds.  A  0.3-gram  sample  of 
the  substance  is  dissolved  in  100  ml.  of  5  per  cent  sodium  hy¬ 
droxide  in  a  tall  500-ml.  beaker.  Using  a  watch  glass  to  cover 
the  beaker,  3  grams  of  Raney  nickel-aluminum  alloy,  in  three  or 
four  portions,  are  added  in  the  course  of  10  minutes.  The  beaker 
must  be  covered  with  the  watch  glass  at  all  times  during  the  re¬ 
duction  to  prevent  loss  of  the  solution  by  the  fine  spray  caused  by 
the  liberation  of  hydrogen.  The  alloy  may  be  added  by  simply 
sliding  the  watch  glass  just  over  the  lip  of  the  beaker,  dropping 
the  charge  into  the  solution,  and  restoring  the  watch  glass  to  its 
original  position.  When  the  reaction  has  subsided,  the  solution 
is  heated  on  a  steam  bath  for  15  minutes,  the  condensate  on  the 
watch  glass  is  quickly  washed  into  the  beaker,  and  the  solution  is 


heated  for  about  one  hour  at  90°  C.  to  95°  C..  At  this  stage,  the 
nickel  settles  out  and  a  clear  colorless  solution  is  obtained. 

The  condensate  on  the  watch  glass  is  again  washed  into  the 
beaker  and  the  alkaline  solution  is  decanted  from  the  nickel 
into  a  200-ml.  volumetric  flask.  The  residual  nickel  is  washed 
three  times  by  decantation  with  hot  water,  the  solution  and 
washings  are  combined,  and  allowed  to  cool,  and  the  volume  is 
adjusted  to  the  mark.  A  100-ml.  aliquot,  or  a  fraction  thereof, 
is  acidified  to  Congo  red  paper  with  10  per  cent  nitric  acid  and 
the  halogen  determined  by  any  standard  procedure.  If  the 
halogen  is  to  be  determined  gravimetrically,  the  acidified  solu¬ 
tion  is  cooled  and  filtered  if  necessary,  and  the  halide  is  then  pre¬ 
cipitated. 

For  Alkali-Insoluble  Compounds.  The  sample  is  weighed 
into  a  250-ml.  Erlenmeyer  flask  equipped  with  a  condenser. 
After  adding  10  ml.  of  95  per  cent  ethyl  alcohol  and  3.5  grams  of 
alloy,  the  condenser  is  set  in  place  and  the  flask  cooled  in  an  ice 
bath.  Seventy-five  milliliters  of  cooled  10  per  cent  sodium  hy¬ 
droxide  are  added  through  the  condenser  and,  after  the  initial 
reaction  has  subsided,  the  ice  bath  is  removed  and  the  flask 
heated  with  a  low  flame  until  all  the  alloy  has  reacted  (1.5  to  2 
hours) .  It  is  not  advisable  to  heat  the  mixture  too  rapidly  since 
the  initial  reaction  is  vigorous  and  solution  may  be  lost  through 
the  condenser.  Any  excessive  foaming,  during  the  reflux  period, 
is  controlled  by  the  addition  of  a  few  drops  of  octyl  alcohol. 
When  the  reduction  is  completed,  the  condenser  is  washed  down 
with  water  and  the  determination  completed  as  described  for  the 
alkali-soluble  compounds. 


Table  1.  Determination  of  Halogen 


Halogen  Compound 

Theory 

% 

Found 

% 

3,5-Diiodo-4-hydroxyphenylaeetic 

aeid“ 

62.84 

62.15 

/3-(3,5-Diiodo-4-hydroxyphenyl)-a- 
phenylpropionic  acida 

51.40 

51.61 

a-(3,5-Diiodo-4-hydroxyphenyl)-/S- 
phenylpropionic  acida 

51.40 

51.60 

51.50 

iV-methyl-3t5~diiodochelidamic 

acida 

56.57 

56.54 

56.44 

/3-Bromopropionic  acid 

52.21 

52.38 
52  Ofi 

Dibromolevuiinic  acid0 

58.32 

58.00 

Bromobenzene 

50.85 

51.01 

50.87 

2-Bromopyridine 

50.61 

50.76 

p-Bromoacetophenone 

40.17 

40.17 

40.40 

2-Bromocholestanonea 

17.17 

16.34 

16.59 

Cholesterol  acetate  dibromide11 

27.35 

27.56 
27  3fi 

ra-Chlorobenzoic  acid 

22.67 

23.04 

23.06 

p-Nitrochlorobenzene 

22.52 

22.57 

22.68 

fl-(p-Chlorobenzoyl) -propionic  acid" 

16.73 

17.01 

Ifi  81 

2-Chloropyridine 

31.25 

31.02 

a  Compounds  prepared  in  the  authors’  laboratory;  others  were 
Kodak  chemicals  purified  by  distillation  and  or  recrystallization. 

Eastman 

Summary 

A  simplified  procedure  for  the  determination  of  halogen  in 
organic  compounds  is  described.  Quantitative  displacement  of 
halogen  by  catalytically  activated  hydrogen  occurs  when  the 
organic  compound  is  treated  with  a  nickel-aluminum  alloy  in  an 
alkali  hydroxide  solution.  The  halogen  is  obtained  in  the  form 
of  the  alkali  salt  of  the  halogen  acid  and  can  easily  be  estimated 
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Ly  any  standard  procedure.  The  method  is  accurate,  rapid, 
nd  adaptable  to  routine  analysis,  requiring  only  the  simplest  of 
iboratory  glassware  and  no  special  reagents. 
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Analysis  of  Ethanol  for  Minor  Amounts  of 

Esters  and  Aldehydes 

FRANK  M.  BIFFEN  AND  FOSTER  DEE  SNELL,  Foster  D.  Snell,  Inc.,  305  Washington  St.,  Brooklyn,  N.  Y. 


4  LTHOUGH  often  of  a  routine  nature,  the  estimation  of 
esters  and  aldehydes  in  95  per  cent  alcohol  is  fraught  with 
i faculties.  Furfural,  acidity,  and  permanganate-time  tests  are 
'at her  readily  made  while  specific  gravity  determination  requires 
Inly  careful  attention  to  detail.  Higher  alcohols  present  some 
ifficulties  not  considered  here. 

Esters 

i  The  ester  content  of  pure  ethanol  usually  lies  between  1  and 
!  parts  per  100,000  volumes  calculated  as  ethyl  acetate  on  a  100- 
, ,roof  basis.  By  the  A.  O.  A.  C.  method  for  esters  in  distilled 
quors  (/)  on  a  50-ml.  sample,  this  would  be  equivalent  to  0.05 
io  0.3  ml.  of  0.1  N  alkali.  In  distilled  liquors  except  gin  the 
mount  is  usually  about  10  times  that  cited. 

!The  usual  chemical  glassware  is  not  sufficiently  alkali-resistant 
o  be  used  in  the  determination  of  such  small  quantities  of  esters. 
Che  alkali  used  to  saponify  the  esters  attacks  the  glass  to  such 
n  extent  that  the  alkali  so  consumed  far  exceeds  that  necessary 
o  saponify  the  esters.  Consequently  the  blank  determinations 
re  too  high  for  accurate  work.  Furthermore,  such  blanks  vary 
vith  the  age  of  the  glassware  used. 

A  few  pieces  of  old  glassware  were  found  in  this  laboratory 
vhieh  gave  small  blanks,  probably  owing  solely  to  usage ;  they  are 
ised  in  pairs,  giving  similar  blanks.  An  old  expedient  of  using 
ilver  flasks  involves  washing  out  the  contents  into  a  clean  flask 
ifter  saponification  and  before  titrating,  using  freshly  boiled  and 
•ooled  distilled  water. 

Recent  studies  of  the  chemical  resistance  of  borosilicate  glasses 
■  old  as  Pyrex,  Kimble,  and  Glasbake  (3)  show  that  dilute  potas- 
ium  hydroxide  solutions  attack  such  glass  to  a  lesser  degree  than 
lilute  sodium  hydroxide  solutions.  Therefore,  potassium  hy- 
Iroxide  is  used.  Special  alkali-resistant  Pyrex,  while  not  fully 
atisfactory,  is  preferable  to  the  usual  chemical  glass. 

Procedure.  Measure  50  ml.  of  95  per  cent  ethanol  and 
lilute  to  100  ml.  with  freshly  boiled  and  cooled  distilled  water. 

I  Exactly  neutralize  any  free  acidity  with  0.02  N  potassium  hy- 
Iroxide  solution,  using  phenolphthalein  as  indicator.  Add 
xactly  10.0  ml.  of  0.1  N  potassium  hydroxide  solution  and  re¬ 
lux  gently  for  30  minutes.  Wash  down  the  condenser  with 
leutral  distilled  water,  stopper  and  cool  the  flask  and  contents 

tn  a  water  bath,  remove  the  stopper  carefully,  and  wash  down. 
Idd  exactly  10.0  ml.  of  0.1  N  hydrochloric  acid  solution  and 

iitrate  the  excess  acid  with  0.02  N  potassium  hydroxide  solution, 
tun  a  blank  determination  under  identical  conditions,  substi- 
uting  100  ml.  of  freshly  boiled  and  cooled  distilled  water  for  the 
liluted  alcohol.  Each  milliliter  of  titration  is  equivalent  to 
1.00176  gram  of  ethyl  acetate.  The  usual  titration  will  therefore 
all  between  0.6  and  2.9  ml.  of  direct  titration  after  subtraction 
'f  the  blank. 

Aldehydes 

i  The  volumetric  A.  O.  A.  C.  method,  involving  titration  of  excess 
liisulfite  with  standard  sodium  thiosulfate,  is  simple  and  suffi¬ 


ciently  accurate  when  used  for  one  or  two  samples.  As  a  special 
distillation  is  required  for  each  sample  for  multiple  determina¬ 
tions,  a  colorimetric  method  is  preferred  for  economy  of  time. 

In  the  most  commonly  used  colorimetric  method  (2)  aldehyde- 
free  alcohol  is  prepared  by  distillation  from  metaphenylenedi- 
amine  hydrochloride.  Unless  freshly  prepared  with  great  care, 
error  is  easily  introduced,  and  the  alcohol  is  rarely  completely 
aldehyde-free.  This  may  be  due  in  part  to  contact  with  air  in 
redistillation  and  in  storage,  even  in  a  cold,  dark  place.  Redis¬ 
tilled  synthetic  methanol  is  consistently  aldehyde-free  and  has 
been  used  largely  to  replace  the  ethyl  alcohol  in  this  determina¬ 
tion  for  several  years.  While  distilled  liquors  except  gin  are  apt 
to  contain  4  to  12  parts  per  100,000  of  aldehyde,  the  amounts  in 
alcohol  are  of  the  order  oi  0.05  to  0.2  part  per  100,000. 

Procedure.  To  2.5  ml.  of  the  alcohol  sample  add  2.5  ml.  of 
water  and  15  ml.  of  50  per  cent  by  volume  redistilled  synthetic 
methanol.  Add  5  ml.  of  fresh  Schiff 's  reagent  prepared  according 
to  A.  O.  A.  C.  standards,  and  mix  at  once.  All  solutions  must 
be  at  60°  F.  and,  after  mixing,  maintained  at  that  temperature 
for  20  minutes  to  develop  the  maximum  color  due  to  the  presence 
of  aldehyde. 

Prepare  standards  as  follows:  To  5  ml.  of  50  per  cent  alde- 
hvde-free  alcohol  add  15  ml.  of  50  per  cent  synthetic  methanol 
plus  0.02,  0.025,  0.03,  0.05,  and  0.075  ml.  of  freshly  diluted 
acetaldehyde  solution  containing  0.0001  gram  per  ml.  Such 
small  quantities  can  be  measured  with  a  sufficient  degree  of  ac¬ 
curacy  by  using  a  1-ml.  pipet  graduated  in  100  parts.  Vary 
these  standards  to  suit  specific  needs.  To  each  of  the  above  add 
5  ml.  of  the  Schiff’s  reagent,  mix  at  once,  and  treat  as  with  the 
sample.  Pyrex  test  tubes  (25-ml.),  thoroughly  cleaned  with 
chromic  acid-sulfuric  acid  solution  and  efficiently  rinsed,  are 
convenient  comparison  tubes. 

Compare  the  samples  and  the  standards,  all  made  at  approxi¬ 
mately  the  same  time,  after  standing  for  20  minutes  at  60°  F. 

Summary 

In  the  accurate  determination  of  1  to  5  parts  per  100,000  of 
esters  in  100-proof  ethanol  it  is  necessary  to  have  either  well-aged 
glassware  which  gives  a  small  blank,  or  silver  flasks.  Many  diffi¬ 
culties  in  the  determination  of  0.1  part  per  100,000  of  aldehyde 
are  eliminated  by  substituting  redistilled  methanol  for  the  major 
part  of  the  aldehyde-free  ethanol. 
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Removal  of  Air  from  Powders  in  Density 

Determination 

ERNEST  L.  GOODEN,  U.  S.  Department  of  Agriculture,  Agricultural  Research  Administration,  Bureau  of  Entomology 

and  Plant  Quarantine,  Beltsville,  Md. 


IN  THE  determination  of  the  density  or  specific  gravity  of 
fine  powders  by  the  method  of  immersion  in  a  liquid  in  a 
pycnometer,  it  is  often  difficult  to  remove  the  air  from  the 
spaces  between  particles,  even  though  the  sample  be  of  a 
material  that  in  coarser  form  is  easily  wetted  by  the  immer¬ 
sion  liquid.  The  air  is  commonly  removed  by  keeping  the 
open  pycnometer,  containing  the  sample  and  enough  liquid 
to  cover  it  well,  in  an  evacuated  space  while  the  air  comes  off 
in  rarefied  bubbles.  This  process  seldom  goes  through 
smoothly;  the  bubbling  is  spasmodic,  sometimes  coming  in 
unanticipated  bursts  that  throw  part  of  the  sample  out  of  the 
bottle.  The  last  bubbles  of  air  hang  on  tenaciously,  and 
considerable  agitation  is  required  to  shake  them  out  from  the 
interior  of  the  powder  bed.  This  part  of  the  work  is  com¬ 
monly  handled  by  alternate  stirring  and  evacuation,  which 
often  proves  to  be  a  tedious  operation. 

Previous  workers  have  introduced  between  the  pycnometer 
and  the  pump  a  tube  designed  to  catch  any  particles  un¬ 
avoidably  thrown  out  from  the  pycnometer;  the  material 
thus  caught  was  weighed  and  allowance  made  for  it  in  the 
calculation  ( 1 ).  The  advantages  of  using  a  suitable  wetting 
liquid  have  been  cited  by  Nutting  (2).  Where  water  is  used 
to  immerse  organic  crystalline  compounds,  it  is  often  neces¬ 
sary  to  add  a  wetting  agent. 

With  the  setup  described  below  the  air  can  be  removed 
smoothly  by  controlled  agitation  while  the  sample  is  under 
vacuum.  The  method  has  been  used  in  this  laboratory  for 
several  months. 

The  apparatus,  shown  in  Figure  1,  is  simple  and  may  be  assem¬ 
bled  from  readily  available  elements.  The  source  of  agitation  is  a 
vibrator,  V,  of  the  type  sold  for  massaging  the  face  and  scalp. 
In  place  of  the  original  vibrator  head  is  a  special  head,  H,  which 
holds  the  pycnometer  flask,  F;  this  head  consists  of  a  one-hole 
rubber  stopper  in  which  three  nails  are  inserted  at  a  slight  angle 
to  grasp  the  body  of  the  flask.  The  vibrator  is  mounted  head  up¬ 
ward  on  a  heavy  base,  B,  which  rests  on  a  thick  rubber  sheet,  G, 
covering  the  top  of  a  wooden  block,  W.  The  rubber  sheet  serves 
as  a  gasket  between  the  block  and  a  vacuum  bell  jar,  J,  which 
covers  that  part  of  the  assembly  so  far  described.  One  or  more 
air  holes,  A,  are  cut  in  the  gasket  to  prevent  the  central  portion 
from  being  lifted  when  the  jar  is  evacuated.  A  round-bodied 
electric  lamp  cord  (Type  SJ)  is  run  from  the  vibrator  down 
through  the  gasket  into  the  block  and  out  at  one  side,  the  passage 
through  the  wood  being  bushed  airtight  with  a  rubber  stopper,  S. 
For  convenience  in  handling  there  should  be  a  coupling,  C,  in  the 
line  between  the  vibrator  and  the  gasket. 

Adjustment  of  the  vibration  intensity  and  of  the  pressure  re¬ 
duction  is  provided  by  the  following  arrangement:  The  appa¬ 
ratus  is  plugged  into  a  continuously  variable  transformer,  T,  with 
voltage  range  from  0  to  115  or  slightly  above.  The  rubber  tube 
from  the  bell  jar  to  the  house  vacuum  line  has  a  branch  connected 
to  a  manometer,  M,  and  another  branch  left  open  at  the  end,  E. 
With  one  hand  on  the  adjusting  knob  of  the  transformer  and  the 
index  finger  of  the  other  hand  resting  lightly  over  tube  end  E,  the 
operator  has  fingertip  control  over  vibration  and  vacuum  at  all 
times.  If  it  is  desirable  to  maintain  a  particular  adjustment  for 
some  time  without  attention,  the  transformer  may  be  set  for  the 
necessary  voltage  and  the  vacuum  kept  fairly  constant  by  leakage 
through  a  screw  pinchcock,  P;  or  if  the  maximum  vacuum  is  de¬ 
sired,  the  end  of  a  cork  stopper  may  be  left  resting  against  E. 

A  little  practice  will  enable  one  to  judge  readily  the  opti¬ 
mum  adjustments  of  agitation  and  vacuum,  both  of  which 
may  need  considerable  variation  during  the  treatment  of  a 


given  sample.  The  ideal  is  to  maintain  continuous  but  not 
violent  bubbling,  until  not  enough  air  is  left  to  affect  sensibly 
the  measurement  of  the  sample  volume.  A  test  for  com¬ 
pleteness  of  air  removal  in  this  sense  is  to  observe  whether 
the  height  of  the  liquid  in  the  pycnometer  changes  on  ap¬ 
plication  or  removal  of  vacuum.  The  test  is  most  sensitive 
when  the  full  vacuum  is  suddenly  released,  as  by  jerking  the 
finger  away  from  E,  and  when  the  bottom  of  the  meniscus  is 
nearly  in  line  of  sight  with  some  letter  or  other  marking  on 
the  flask. 

When  the  last  significant  traces  of  air  are  persistent,  two 
means  are  available  for  hastening  their  removal.  One  is  to 
stir  the  sample  with  a  stiff  wire  rod,  R,  extending  through  a 
flexible  rubber  stopper  in  the  top  of  the  bell  jar.  Another 
way,  which  is  more  convenient  and  may  prove  adequate,  is 
to  jerk  the  flask  repeatedly  by  jiggling  the  electric  plug  that 
connects  the  transformer  to  the  house  line. 

The  current  should  not  be  left  on  longer  than  necessary, 
lest  in  its  vacuum- jacketed  condition  the  vibrator  should 
become  overheated.  The  time  required  for  the  whole 
operation  of  air  removal  is  usually  only  a  few  minutes. 

The  density  values  obtained  by  this  method  are  equivalent 
to  those  by  the  more  common  process,  for  in  both  cases  the 
air  removal  is  carried  to  the  same  end  point  as  indicated  by 
the  expansion-contraction  test.  The  saving  of  time  by  the 
method  here  described  may  be  negligible  or  large,  depending 
on  the  difficulty  of  manipulation  of  the  given  sample  by  the 
older  method.  The  principal  advantages,  evident  particu¬ 
larly  with  the  more  troublesome  samples,  are  convenience 
and  relative  safety  from  loss  of  sample  by  spurting.  The  term 
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1 ‘relative  safety”  is  used  advisedly,  for  the  method  is  not 
foolproof.  The  chief  function  of  the  vibration  is  to  loosen 
the  bubbles  while  they  are  expanding,  thereby  permitting 
them  to  come  off  in  a  comparatively  steady  stream  rather 
than  build  up  to  a  condition  that  has  to  be  relieved  by  a  con¬ 
centrated  outburst.  The  vibration,  judiciously  applied,  is 


thus  a  means  of  safeguarding  against  accidents  that  other¬ 
wise  are  difficult  to  avoid. 
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Determination  of  Sugars  in  Apple  Tissue 

Some  Modifications  of  the  Usual  Procedures 

R.  H.  LEONARD,  R.  C.  MEADE,  AND  R.  B.  DUSTMAN 
West  Virginia  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 


NUMEROUS  methods  are  available  for  extracting  and 
determining  the  sugars  found  in  plant  tissues.  Many 
of  these  have  been  reviewed  recently  by  Browne  and  Zerban 
'(5)  in  their  excellent  treatise  on  sugar  analysis. 

The  Association  of  Official  Agricultural  Chemists  recommends 
50  per  cent  alcohol  for  the  extraction  of  sugars  from  grain  and 
stock  feeds  (2)  and  80  per  cent  alcohol  for  the  removal  of  sugars 
from  plants  ( 1 ).  Jackson  and  McDonald  (8)  used  the  volumetric 
Jichromate-ferrous  ammonium  sulfate-phenanthroline  method 
for  cuprous  oxide  and  later  reported  (9)  a  study  of  Munson  and 
Walker’s  tables  for  reducing  sugars.  Erb  and  Zerban  (7)  com¬ 
bined  the  Munson  and  Walker  procedure  for  reducing  sugars 
with  the  Jackson  and  Mathews  (10)  method  for  levulose,  in  a 
procedure  for  the  individual  determination  of  dextrose  and  levu¬ 
lose  in  a  mixture  containing  sucrose.  Erb  and  Zerban  used  a 
table  of  modified  Munson  and  Walker  values  and  calculated 
the  variable  reducing  factors  for  different  ratios  of  dextrose  and 
levulose.  Stegeman  and  Englis  (12)  compared  several  volu¬ 
metric  procedures  for  determining  cuprous  oxide  with  the 
gravimetric  method  and  discussed  briefly  the  possible  use  of  di- 
phenylamine  with  dichromate  in  sugar  work. 

The  rupture  of  cell  structure  before  extracting  is  advantageous. 
Kneen  and  Blish  (11)  heated  wheat  plants  for  15  minutes  in  an 
oven  held  at  140°  C.  before  extracting  the  sugars.  The  use  of  the 
Waring  Blendor  for  sample  preparation  has  already  been  de¬ 
scribed  (6)  and  its  application  is  rapidly  being  extended. 

Experimental 

Recovery  of  Reduced  Copper.  In  an  investigation  of 
the  sugars  in  apple  tissue  preliminary  trials  with  several 
methods  led  the  authors  to  consider  the  possibility  of  using 
diphenylamine  with  dichromate,  for  the  recovery  of  reduced 
copper,  as  suggested  by  Taran  (IS).  Table  I  shows  the 
values  obtained  for  the  recovery  of  copper  from  varying 
weights  of  cuprous  oxide  by  this  procedure,  the  details  of 
which  are  described  later. 


Table  I.  Recovery  of  Reduced  Copper 

(From  cuprous  oxide  dissolved  in  ferric  sulfate  solution  by  titration  with 
potassium  dichromate  and  diphenylamine  indicator) 


Copper 

Copper 

Added 

Recovered 

Recovery 

Mg. 

Mg. 

% 

42.4 

42.6 

100.4 

64.5 

64.8 

100.5 

67.7 

67.7 

100.0 

82.2 

83.1 

101.1 

87.2 

87.7 

100.5 

89.7 

89.4 

99.7 

91.4 

91.9 

100.6 

98.8 

98.6 

99.8 

100.1 

99.5 

99.4 

107.9 

107.1 

99.3 

109.8 

110.8 

100.9 

121.9 

121.9 

100.0 

130.7 

133.1 

101.9 

135.5 

136.1 

100.4 

Mean  100.32  ±  0. 

In  another  series  of  trials  varying  quantities  of  cuprous 
oxide  obtained  by  the  Munson- Walker  procedure  were 
weighed,  dissolved,  and  titrated  directly  by  the  dichromate- 
ferrous  ammonium  sulfate-o-phenanthroline-ferrous  sulfate 
method  of  Jackson  and  McDonald  and  by  the  dichromate- 
ferric  sulfate-diphenylamine  procedure  herein  described. 
Table  II  gives  the  results  of  these  trials. 


Table  II.  Comparison  of  Jackson  and  McDonald  and 
Dichromate-Ferric  Sulfate-Diphenylamine  Methods  for 
Recovery  of  Reduced  Copper 


Method  of  Jackson  and  McDonald 


Copper 

Copper 

Recov¬ 

Added 

Recovered 

ery 

Mg. 

Mg. 

% 

29.7 

30.2 

101.7 

50.0 

49.5 

99.0 

55.1 

55.0 

99.8 

74.8 

75.3 

100.7 

91.7 

91.3 

99.6 

96.0 

96.1 

100.1 

135.3 

134.8 

99.6 

179.3 

178.8 

99.7 

182.3 

181.0 

99.3 

232.0 

230.8 

99.5 

254.6 

254.6 

100.0 

266.5 

268.1 

100.6 

Mean  99.97  ±  0.21 


Dichromate-Ferric  Sulfate- 
Diphenylamine  Method 


Copper 

Copper 

Recov¬ 

Added 

Recovered 

ery 

Mg. 

Mg. 

% 

39!  7 

39.5 

99' 5 

45.4 

45.8 

100.9 

49.2 

48.6 

98.8 

91.9 

91.2 

99.2 

128.7 

127.8 

99.3 

136.8 

136.8 

100.0 

140.0 

140.7 

100.5 

184.3 

185.9 

100.9 

225.2 

227.0 

100.8 

318.2 

319.5 

100.4 

Mean  100.03  ±0.25 


Extraction.  Several  procedures  were  tried  for  con¬ 
venience  and  thoroughness  of  extraction.  Quadruplicate 
samples  were  analyzed  raw  and  after  being  heated  for  15 
minutes  in  an  ordinary  convection  oven  set  for  140°  C.  Al¬ 
though  the  differences  were  small,  the  heated  samples  aver¬ 
aged  7.06  per  cent  for  reducing  sugars  and  1.66  for  sucrose  as 
compared  with  6.71  and  1.63,  respectively,  for  the  unheated 
samples. 

The  slight  gain  in  reducing  sugars  was  attributed  to  a  more 
thorough  extraction  of  the  heated  sample.  However,  ad¬ 
ditional  trials  weie  run  to  ensure  absence  of  pronounced 
changes  in  the  distribution  of  the  sugars  present. 

For  this  purpose  triplicate  samples  of  70  to  80  grams  each,  of 
Rome  Beauty  tissue,  in  10-cm.  (4-inch)  aluminum  dishes  with 
tight  covers,  were  heated  for  periods  of  5,  10,  and  15  minutes  in 
an  ordinary  convection  oven  set  at  110°,  120°,  and  140°  C.  A 
similar  series  was  run  with  duplicate  samples  from  a  different 
stock  sample  of  Rome  Beauty  tissue,  but  the  heating  was  ac¬ 
complished  in  a  forced  draft  oven  set  for  the  same  range  of 
temperatures  and  15-minute  heating  periods  only.  Unheated 
samples  were  analyzed  at  the  same  time  for  comparison.  The 
average  values  for  both  series  are  shown  in  Table  III. 

The  original  procedure  used  to  extract  the  apple  tissue 
with  alcohol  consisted  in  two  hand  grindings  in  a  glass  mortar, 
but  trials  showed  that  the  operation  could  be  accomplished 
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Table  III.  Sttgab  Content  of  Heated  and  Unheated  Tissue  of  Rome 

Beauty  Apples 


-Convection  Oven- 


Heating 

Period 

Temp. 

Reducing 
sugar 
(as  in¬ 
vert) 

Sucrose 
(as  in¬ 
vert) 

Min. 

0  C. 

% 

% 

Not  heated 

7.58 

1.53 

5 

110 

7.54 

1.71 

10 

7.73 

1 . 55 

15 

7.61 

1.71 

5 

120 

7.68 

1.61 

10 

7.63 

1.48 

15 

7.72 

1.32 

5 

i4o 

7.67 

1.52 

10 

7.53 

1.43 

15 

7.49 

1.44 

Forced  Draft  Oven- 


Reducing 

sugar 

Sucrose 

Total 

(as  in¬ 

(as  in¬ 

Total 

sugar 

vert) 

vert) 

sugar 

% 

% 

% 

% 

9.11 

9.25 

9.28 

7.88 

1.88 

9.76 

9.32 

9.29 

7 '82 

i .  97 

9.79 

9.10 

9.04 

9.19 

8.96 

7.' 86 

i .  86 

9.73 

8.93 

7.93 

i .  79 

9.’ 72 

The  average  water  loss  in  the  forced  draft  oven  was  0.56,  0.88,  and  4.43  per  cent,  re¬ 
spectively,  at  110°,  120°,  and  140°,  for  15  minutes;  in  the  convection  oven  the  losses 
were  much  less,  ranging  from  0.02  to  0.48  per  cent. 


were  determined  gravimetrically  after  clarificatior. 
with  neutral  lead  acetate  by  filtration.  The  thirc 
lot  was  heated  in  aluminum  dishes,  comminutec 
and  extracted  in  the  Blendor,  and  clarified  b\ 
centrifugation,  and  the  cuprous  oxide  was  titratec 
with  dichromate  and  diphenylamine.  The  aver¬ 
age  values  for  this  comparison  are  given  ir 
Table  VI. 

Finally,  a  series  of  six  replications  was  made  j 
to  test  the  reproducibility  of  the  values  ob¬ 
tained  by  the  modified  procedure.  Dextrose 
and  levulose  were  determined  individually  b\ 
the  method  of  Erb  and  Zerban  (7)  and  sucrose 
was  determined  by  the  A.  O.  A.  C.  ( 3 )  methocj 
after  inversion  with  hydrochloric  acid  at  rooir 
temperature.  The  results  of  these  replication- 
are  shown  in  Table  VII. 


more  quickly  and  with  equal  efficiency  by  the  use  of  the 
Blendor.  With  triplicate  samples  of  Grimes  Golden  tissue, 
two  extractions  in  the  Blendor  gave  an  average  of  5.56  per 
cent  total  reducing  sugars  as  compared  with  an  average  of 
5.23  per  cent  for  one  extraction  in  the  Blendor  and  5.29  per 
cent  for  two  extractions  in  the  glass  mortar. 

Clarification.  The  need  for  clarification  of  alcoholic 
extracts  of  plant  tissues  is  an  open  question  and  probably 
depends  in  considerable  degree  upon  the  nature 
of  the  plant  material  from  which  the  sugars  are 
extracted. 

In  the  present  work  triplicate  or  quadrupli¬ 
cate  trials  with  alcoholic  extracts  of  tissue  of 
six  varieties  showed  little  or  no  appreciable  dif¬ 
ference  in  total  reducing  sugars  between  cleared 
and  uncleared  samples.  The  same  was  true 
for  sucrose  where  this  sugar  was  determined. 

On  the  other  hand,  one  variety  (Gravenstein) 
did  show  a  higher  value  for  reducing  sugar  in 
the  uncleared  sample  (Table  IV).  In  each 
instance  the  samples  were  cleared  with  neu¬ 
tral  lead  acetate  and  disodium  phosphate  and 
each  lead  precipitate  was  washed  twice  by 
centrifugation. 

Several  trials  were  made  on  the  method  of  clearing  alcoholic 
extracts  or  fresh  juice  when  the  cuprous  oxide  was  deter¬ 
mined  by  the  dichromate-diphenylamine  method  (Table  V). 
In  all  instances  neutral  lead  acetate  was  used  as  the  clearing- 
agent.  Comparisons  were  made  of  sodium  oxalate,  disodium 
phosphate  and  sodium  carbonate  as  deleading  agents,  and  of 
filtration  and  centrifugation  of  lead  precipitates. 

The  clarification  of  alcoholic  extracts  of  ground  apple 
tissue  proved  to  be  slightly  more  difficult  than  that  of  apple 
juice  and  necessitated  2.5  ml.  of  lead  acetate  solution  and 
2.0  ml.  of  disodium  phosphate  solution.  Trials  were  made 
to  determine  the  effect  of  excess  disodium  phosphate  and  of 
alcohol  in  the  clarified  extracts.  A  5-ml.  excess  of  phosphate 
solution  (total  of  7  ml.)  and  15  ml.  of  85  per  cent  alcohol 
were  without  appreciable  effect  on  the  results  obtained. 

Information  was  desired  concerning  the  sugar  values 
obtained  by  combining  the  several  steps  tried  individually, 
as  compared  with  procedures  already  accepted  as  suitable  for 
sugar  work.  For  this  purpose  the  combined  procedure  was 
compared  with  the  A.  O.  A.  C.  ( 1 ,  2)  methods  mentioned. 

A  composite  stock  sample  was  made  from  24  Rome  Beauty 
apples  and  run  through  a  food  chopper.  The  material  was  mixed 
well  and  three  lots  were  weighed  out  rapidly,  in  duplicate,  for 
analysis.  The  first  lot  was  extracted  and  analyzed  in  accordance 
with  A.  O.  A.  C.  directions  for  plants,  the  second  lot  was  extracted 
and  analyzed  in  accordance  with  A.  O.  A.  C.  directions  for  grain 
and  stock  feeds,  and  the  cuprous  oxide  values  from  both  lots 


Discussion 

Table  I  shows  that  copper  in  the  form  o 
cuprous  oxide  can  be  determined  satisfactorily  by  dissolving  ii 
ferric  sulfate  solution  and  titrating  with  potassium  dichromatf 
with  diphenylamine  as  an  indicator,  and  Table  II  indicate; 
that  the  values  so  obtained  compare  favorably  with  those 
obtained  by  the  volumetric  method  of  Jackson  and  Mc¬ 
Donald.  In  the  former  method  the  cuprous  oxide  dissolve; 
readily,  and  the  end  point  is  distinct  and  with  a  little  practice 
is  easily  recognized. 


The  heating  of  apple  tissue  prior  to  comminution  and  ex¬ 
traction  may  or  may  not  be  advantageous,  depending  some¬ 
what  upon  the  physical  nature  and  degree  of  ripeness  of  the 
fruit.  Hard,  tough,  or  immature  fruit  is  more  easily  prepared 
and  extracted  if  first  heated.  This  softens  the  tissue,  ruptures 
the  cells,  and  allows  uniformity  in  sampling.  It  also  destroys 
enzymes  and,  if  carefully  done,  does  not  hydrolyze  the 
sucrose  present.  Ripe  fruit  softened  by  maturity  is  not 
benefited  by  preliminary  heating.  Table  III  indicates  that 
Rome  Beauty  apple  tissue  may  be  heated  for  periods  of 
5  to  15  minutes  at  temperatures  of  110°  to  140°  C.  without 
pronounced  effect  upon  the  values  for  reducing  sugars  and 
sucrose.  In  this  instance  the  fruit  was  mature  and  the  heat¬ 
ing  of  little  or  no  advantage.  An  interesting  observation 
on  the  comparison  of  heated  and  unheated  samples  was  the 
apparent  greater  amount  of  oxidation  in  the  unheated  samples 
as  evidenced  by  their  dark  color  in  contrast  to  the  lighter 
color  of  the  heated  samples.  In  storage  at  3°  C.,  the  heated 
samples  kept  over  a  longer  period  than  the  unheated  samples 
without  appreciable  change  in  sugar  values. 

The  data  relating  to  clarification  are  interesting  (Table  IV). 
Of  the  seven  varieties  tried,  differences  between  clarified 
and  unclarified  extracts  could  perhaps  be  ignored  in  all 
cases  except  that  of  Gravenstein.  Nevertheless,  in  no  case 
did  the  value  for  reducing  sugars  in  the  clarified  extract 
exceed  that  for  the  unclarified  and  the  general  trend  is  toward 


Table  IV.  Effect  of  Clearing  Alcoholic  Extracts  from  Seven 
Varieties  of  Apples 


Reducing  Sugar  Sucrose 

Month  (as  Invert  Sugar)  (as  Invert  Sugar) 


Variety 

Analyzed 

Not  clarified 

Clarified 

Not  clarified 

Clarified 

% 

% 

% 

% 

Gravenstein 

September 

6.95 

6.76 

1.70 

1.70 

Grimes  Golden 

September 

9.53 

9.48 

3.67 

3.60 

Delicious 

November 

9.91 

9.87 

Starking 

December 

9.34 

9.32 

Stayman  Winesap 

December 

6.99 

6.97 

^ork  Imperial 

December 

5.10 

5 . 07 

Rome  Beauty 

March 

6.97 

6.94 

Rome  Beauty 

April 

7.53 

7.53 

1 . 89 

1.86 
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Table  V. 


Values  for  Reducing  Sugars  in  Apples  as  Affected  by 
Methods  of  Clarification 


Made  to 


No.  of 


Mg.  of  Reducing 
as  Invert  Sugar 
Aliquot  of 


Sugars 
5-MI. 
Sample 


ieleading  Agent 
at'd  NasCaOr 
at’d  Na2HP04 


>ry  Na2C03 
)ry  Na2HPOi 
at'd  Na2HP04 


>ry  \a:(’0:i 
>ry  Na2HP04 


fot  clarified 


Method  of 
Removing  Ppt. 

Centrifugation 

Centrifugation 

Centrifugation 

Centrifugation 

Filtration 

Filtration 

Centrifugation 

Centrifugation 

Filtration 

Filtration 

Centrifugation 


or  after 

for  Each 

Extract 

Extract 

Clarification 

Lead  Ppt. 

Juice 

i 

2 

After 

1 

110.8 

After 

None 

105.5 

After 

1 

110.3 

After 

None 

106.6 

Before 

83.3 

Before 

82.5 

After 

3 

84.5 

After 

None 

74.4 

Before 

75.0 

Before 

75. 1. 

Before 

75.6 

75.5 

sary  for  extraction  on  the  steam  bath,  clarifica¬ 
tion  by  filtration,  and  gravimetric  determination 
of  the  copper  oxide,  respectively.  Extraction 
by  Soxhlet  apparatus  is  still  more  time-con¬ 
suming  than  extraction  on  the  steam  bath. 


It  is 


lightly  higher  values  in  the  nonclarified  material, 
ussible  that  stage  of  maturity  and  relative  amount  of  chloro- 
ihvll-bearing  tissue  are  more  important  than  varietal  dif- 
erence  in  this  respect.  It  may  or  may  not  be  significant 
hat  most  of  these  trials  were  made  during  the  whiter  and 
pring  months,  on  apples  taken  from  storage,  whereas  the 
argest  differences  between  clarified  and  nonclarified  extracts 
iccurred  in  the  analyses  made  earlier  in  the  season.  More 
lata  are  needed  on  this  point. 

As  indicated  in  Table  V,  sodium  oxalate,  disodium 
ihosphate,  or  sodium  carbonate  may  be  used  as  a  de- 
eading  agent  in  the  ferric  sulfate-dichromate-cliphenyl- 
tmine  method.  Since  5-ml.  excess  disodium  phosphate  did 
lot  disturb  the  values  for  reducing  sugars  it  was  accepted 
s  a  deleading  agent.  If  the  sugar  solutions  are  made  to 
olume  after  clarification  it  is  necessary  to  wash  the  lead 
recipitates  in  order  to  avoid  low  values  for  sugar.  If  de- 
ired,  the  lead  precipitates  may  be  removed  by  centrifugation 
ather  than  by  filtration,  in  which  case  it  is  convenient 
o  make  the  solutions  to  volume,  centrifuge  in  a  closed  tube, 
nd  omit  the  washing  process. 

Uncleared  solutions  may  be  somewhat  less  satisfactory 
o  pipet,  as  particles  may  tend  to  gather  in  the  tip  or  cling  to 
he  inside  walls  of  the  pipet,  but  where  clarification  can  be 
'initted  there  is  a  very  material  saving  in  time.  The  results 
if  these  trials  indicate  that  for  ordinary  work  the  clearing 
irocess  may  be  omitted  with  apple  extracts  in  most  instances. 

Table  VI  shows  over-all  values  obtained  from  the  modified 
irocedure  in  comparison  with  those  obtained  by  the  two 
•ariations  of  the  A.  0.  A.  C.  methods,  and  Table  VII  shows  the 
ralues  from  six  replications  when  dextrose,  levulose,  and 
ucrose  were  determined  individually.  These  results  in- 
licate  that  the  modified  procedure  is  suitable  for  the  analysis 
)f  apple  tissue. 

The  Waring  Blendor  has  been  found  to  be  very  effective 
l  reducing  and  mixing  either  raw  or  heated  apple  tissue  in 
ais  work.  Extraction  of  the  tissue  with  alcohol,  also,  may 
e  accomplished  quickly  and  easily  by  use  of  the  Blendor, 
lie  time  required  for  two  extractions  in  the  blendor  being 
pproximately  one  half  that  required  for  two  extractions  by 
and  grinding  in  a  mortar.  Other  time  records 
fiow  that  omitting  the  time  required  to  evapo- 
ate  the  extracts  on  the  steam  bath,  which  is 
imilar  in  both  methods,  the  time  necessary 
or  the  determination  of  total  reducing  sugars 
n  quadruplicate  samples  was  3.3  hours  for  the 
aodified  procedure  herein  proposed  as  compared 
nth  5  hours  by  the  A.  0.  A.  C.  procedure  for 
eeds.  Extraction  in  the  Blendor,  clarification  in 
he  centrifuge,  and  titration  of  the  copper  oxide 
>y  the  dichromate-diphenylamine  method  each 
equires  approximately  one  half  the  time  neces¬ 


Procedure 


Preparation  of  Extracts.  Cut  the  sample  into 
slices,  weigh,  heat  in  a  tared  aluminum  dish  with 
tight  cover  for  15  minutes  in  an  oven  set  for  140°  C. 
to  soften  the  tissue,  cool,  and  transfer  the  material 
to  the  tared  Blendor  cup  with  the  aid  of  water. 
(The  heating  may  be  omitted  with  soft  tissue 
which  reduces  readily  in  the  Blendor  cup.)  Weigh 
the  mixture  in  the  Blendor  cup  to  determine  the 
amount  of  water  added  beyond  the  weight  of  the 
original  sample  before  it  was  heated.  The  weight 
of  water  used  for  the  transfer  is  usually  about  one 
third  that  of  the  sample  taken  for  heating  and  the 


small  amount  of  water  lost  in  heating  is  made  up  in  the  trans¬ 
fer  to  the  Blendor  cup.  Comminute  thoroughly  and  store  as  a 
bulk  sample  in  the  refrigerator.  Heated  apple  tissue  will  re¬ 
main  unchanged  for  days  or  weeks  and  unheated  tissue  w  ill 
keep  for  a  somewhat  shorter  period. 

Extract  20  to  30  grams  in  the  Blendor  with  1  or  2  grams  of 
calcium  carbonate  and  approximately  150  ml.  of  9o  per  cent 
alcohol;  this  results  in  a  mixture  above  70  per  cent  alcohol  and 
the  separation  of  a  flocculent  precipitate.  I  ilter  the  mass  on  a 
9-cm.  Buchner  funnel  into  a  500-ml.  suction  flask,  remove  the 
paper  and  residue  to  the  Blendor  cup,  and  extract  again  with 
about  100  ml.  of  alcohol,  again  filter,  combining  the  second  filtrate 
with  the  first  and  washing  the  residue  with  alcohol  until  the  total 
volume  approximates  300  ml.  Transfer  the  extract  to  a  400-ml. 
beaker  with  the  aid  of  a  little  water,  add  a  small  amount  ot 
calcium  carbonate,  and  evaporate  on  the  steam  bath  to  a  volume 

of  5  to  10  ml.  . ,  . 

If  clarification  is  omitted,  transfer  the  sirupy  residue  trom  the 
steam  bath  directly  to  a  100-ml.  flask  and  make  up  to  volume 
for  analysis.  If  clarification  is  desired,  add  2  ml.  of  saturated 
lead  acetate  solution  to  the  flask  and  make  to  volume.  Mix  \\  ell, 
allow  to  stand  a  few  minutes,  and  transfer  all  (or  most)  ot  the 
sample  to  a  closed,  dry  centrifuge  tube.  Centrifuge  until  clear 
(5  to  10  minutes)  and  pour  off  into  a  second  dry  centrifuge  tube 
containing  an  amount  of  dry  disodium  phosphate  sufficient  to 
precipitate  all  the  lead  present.  Mix  well,  close  the  tube  to 
prevent  evaporation,  and  again  centrifuge  until  clear. 

Pour  off  and  retain  the  clear  liquid  for  analysis.  A  somewhat 
longer  and  possibly  slightly  more  accurate  procedure  for  clarifica¬ 
tion  involves  washing  the  lead  precipitates  twice  or  three  times  by 
centrifugation  before  making  the  sample  to  definite  volume  for 
analysis. 

Determination  of  Sugars.  Determine  reducing  sugars, 
dextrose,  and  levulose  by  the  combined  procedure  of  Erb  and 
Zerban  (7)  and  sucrose  by  the  A.  O.  A.  C.  (4)  method,  after  in¬ 
version  with  hydrochloric  acid  at  room  temperature,  r  liter 
the  cuprous  oxide  on  a  loose-bottom  (Caldwell)  crucible,  transfer 
the  crucible  to  a  400-ml.  beaker  containing  50  ml.  of  ferric  sulfate 
solution,  dissolve  the  cuprous  oxide,  rinse,  and  remove  the 
crucible  and  add  20  ml.  of  sulfuric  acid.  Add  3  or  4  drops  of 


Table  VI.  Comparison  of  the  Modified  Procedure  with 
A.  O.  A.  C.  Methods  for  Sugars  in  Apple  Tissue 


Procedure 


A.  O.  A.  C.  method  for  plants 
A.  O.  A.  C.  method  for  feeds 
Modified  procedure 


Reducing 

Sugars 

Sucrose 

Total 

(as  Invert) 

(as  Invert) 

Sugar 

% 

% 

% 

7.34 

1.75 

9.09 

7.31 

1.75 

9.06 

7.53 

1.86 

9.39 

Table  VII.  Sugar  Content  of  Replicate  Samples  of  Apple  Tissue 


Replication 

No. 


1 

2 

3 

4 

5 

6 

Mean 


Reducing 

Sucrose 

Total 

Dextrose 

Levulose 

Sugars 

(as  Invert) 

Sugar 

% 

% 

% 

% 

% 

1.03 

4.60 

5. 63 

0.77 

6.40 

1  13 

4.51 

5. 64 

0.68 

6.32 

1.13 

4.49 

5.62 

0.56 

6.18 

1 . 15 

4.51 

5.66 

0.55 

6.21 

1. 16 

4. 55 

5.71 

0.60 

6.31 

1.25 

4.47 

5.72 

0.62 

6.34 

,14  ±  0.03 

4.52  ±0.02 

5.66  =*=  0 . 02 

0.63  ±  0.03 

6.29  ±  0.03 
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diphenylamine  indicator  and  titrate  with  dichromate  solution 
until  a  darkening  occurs.  At  this  point  add  5  ml.  of  phosphoric 
acid  and  8  to  10  drops  more  of  indicator.  Add  water  to  make  the 
total  volume  about  250  ml.  and  complete  the  titration  to  the 
first  permanent  violet  coloration. 

Reagents.  Reagents  (Fehling’s  and  Ost’s)  for  reducing 
sugars  are  prepared  according  to  A.  O.  A.  C.  (4)  directions. 

Ferric  sulfate  solution  is  made  by  dissolving  60  grams  of  the 
hydrated  salt  [Fe2(S04)3.9H20]  in  1  liter  of  solution  and  filtering. 
The  solution  must  be  free  from  ferrous  ions. 

Potassium  dichromate  is  weighed  to  give  exactly  7.7135  grams 
per  liter  of  solution.  One  milliliter  is  equivalent  to  10  mg.  of 
copper. 

Diphenylamine  is  used  as  0.2  per  cent  solution  in  concentrated 
sulfuric  acid. 

Sulfuric  acid  is  a  1  to  7  aqueous  solution. 

Orthophosphoric  acid  is  the  usual  85  per  cent  U.  S.  P.  sirup. 

Lead  acetate  solution  is  a  saturated  solution  of  the  neutral  salt. 

Disodium  phosphate  is  used  either  dry  or  as  a  saturated 
solution. 

Summary 

In  the  analysis  of  apple  tissue  for  sugars  it  is  advantageous 
to  heat  the  tissues  in  closed  aluminum  containers  before 
grinding,  to  disintegrate,  mix,  and  extract  the  heated  tissue 
in  a  Waring  Blendor,  and  to  determine  cuprous  oxide  by 
dissolving  it  in  ferric  sulfate  solution  and  titrating  with 
potassium  dichromate  in  the  presence  of  diphenylamine 
indicator.  The  procedure  is  rapid  and  easily  manipulated 
and  the  results  are  sufficiently  accurate  for  the  determination 
of  sugars  in  many  plant  materials. 


In  most  instances  it  appears  safe  to  omit  clarification  of 
the  alcoholic  extracts  of  apple  tissue,  with  a  corresponding 
saving  in  time.  Where  clarification  is  necessary  this 
can  be  accomplished  satisfactorily  by  addition  of  neutral 
lead  acetate  and  centrifugation  as  described. 
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Simple  Device  for  Preparing  Vapor- Air  Mixtures 

J.  BRENNAN  GISCLARD,  Bureau  of  Industrial  Hygiene,  Michigan  Department  of  Health,  Lansing,  Mich. 


IN  TESTING  the  efficiency  of  a  combustion  apparatus 
for  chlorinated  hydrocarbons  in  the  atmosphere,  the 
writer  desired  to  introduce  into  the  unit  known  amounts  of 
solvent  vapor  at  rates  of  1  to  2  liters  per  minute.  A  simple 
method  of  doing  so,  and  one  most  nearly  meeting  this  need, 
was  found  in  the  experimental  work  of  Olsen,  Smyth,  and 


co-workers  ( 1 ).  However,  a  modification  which  would 
ascertain  by  successive  weighings  the  amount  of  solvent  used 
in  each  run  seemed  desirable.  A  very  satisfactory  method 
was  finally  devised  which  gave  precise  weighings  and  a  wide 
range  of  concentrations  and  required  very  little  manipula¬ 
tion. 

Both  ends  of  a  two-way  stopcock  of  about  8-mm.  bore  were  cut 
off  about  35  mm.  from  the  base  and  one  end  was  sealed.  A  short 
piece  of  glass  tubing,  7  nun.  in  inside  diameter,  was  drawn  out, 
bent,  and  inserted  in  the  two-hole  rubber  stopper  as  shown.  The 
mixing  chamber  was  a  filter  tube,  the  neck  of  which  was  bent  at 
a  right  angle  and  connected  to  the  combustion  unit.  The  ap¬ 
paratus  was  mounted  by  means  of  a  clamp  on  a  ringstand. 

In  operation,  the  solvent  to  be  tested,  trichloroethylene,  was 
pipetted  into  the  bulb  and  the  stopcock  closed  and  weighed  by 
suspending  it  in  the  analytical  balance  (by  means  of  a  wire  hook 
not  shown  in  the  diagram) .  The  stopcock  was  then  inserted  in  the 
rubber  stopper,  suction  applied,  and  the  stopcock  opened  to  some 
fixed  position,  depending  on  whether  a  small  or  large  concentra¬ 
tion  was  desired.  A  drop  of  phosphoric  acid  served  as  an  efficient 
lubricant. 

The  vapor-air  mixture  was  drawn  through  the  apparatus  for  the 
desired  length  of  time,  after  which  the  stopcock  was  closed,  re¬ 
moved,  and  reweighed  while  pure  air  continued  to  flush  residual 
vapor  from  the  chamber.  The  difference  in  weight  represented 
the  amount  of  solvent  which  was  carried  over  at  a  practically 
constant  rate. 

Since  the  experiments  were  conducted  at  room  temperature, 
the  evaporative  loss  was  uniform  throughout,  amounting 
to  about  1  mg.  for  each  run.  Experiments  showed  that  at 
various  openings  of  the  stopcock  and  at  raised  or  lowered 
positions  of  the  inlet  tube  orifice  a  range  of  concentrations 
of  from  10  to  500  p.  p.  m.  was  easily  obtained. 
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Systematic  Polarographic  Metal  Analysis 

Characteristics  of  Arsenic,  Antimony,  Bismuth,  Tin,  Lead,  Cadmium,  Zinc, 
and  Copper,  in  Various  Supporting  Electrolytes 

JAIMES  J.  LINGANE 

Mallinckrodt  Chemical  Laboratory,  Harvard  University,  Cambridge,  Mass. 


The  polarographic  characteristics  in  nine 
si  ipporting  electrolytes  of  the  metals  listed 
in  the  title  have  been  studied,  and  complete 
data  are  presented  for  their  half-wave 
potentials  and  diffusion  current  constants. 
The  utility  of  diffusion  current  constants  in 
practical  analytical  work  is  discussed;  the 
use  of  these  constants  eliminates  the  need 
for  calibrating  each  particular  dropping 
electrode  with  known  concentrations  of  the 
substances  to  be  determined. 


4  PROGRAM  has  been  started  in  this  laboratory  with  the 
J\_  aim  of  developing  systematic  schemes  of  polarographic 
malysis  that  can  be  applied  to  the  qualitative  and  quantitative 
malysis  of  any  mixture  of  the  commoner  metallic  elements. 
?oon  after  this  program  was  initiated  it  became  evident  tha,t 
ts  logical  prosecution  requires  much  more  specific  and  quanti¬ 
tative  information  concerning  the  polarographic  character- 
stics  of  the  various  metals  than  one  can  glean  from  the  exist- 
ng  polarographic  literature  (6),  and  it  was  therefore  decided 
;o  obtain  such  information  before  attempting  to  devise 
specific  analytical  procedures. 

The  present  paper  presents  a  compilation  of  the  half- 
,vave  potentials,  diffusion  current  constants,  and  other  an- 
ilytically  pertinent  characteristics  of  arsenic,  antimony, 
hsrnuth,  tin,  lead,  cadmium,  zinc,  and  copper,  in  nine  dif¬ 
ferent  supporting  electrolytes.  These  metals  were  studied 
as  a  group  because  they  are  so  commonly  associated  in  non- 
ferrous  alloys  and  other  commercial  products,  and  also  be¬ 
cause,  with  the  exception  of  zinc,  they  are  usually  separated 
is  a  group  by  hydrogen  sulfide  precipitation  in  common 
[analytical  schemes. 

A  simplified  method  of  performing  quantitative  polaro- 

I graphic  determinations,  which  eliminates  the  necessity  of 
calibrating  each  dropping  electrode  with  known  concentra¬ 
tions  of  the  substance  being  determined,  is  also  described. 

Experimental 

A  Model  XI  Heyrovsky  Polarograph,  manufactured  by  E.  H. 
Sargent  and  Co.,  Chicago,  was  used  for  recording  polarograms 
according  to  the  technique  which  has  already  been  adequately 
described  (6).  The  galvanometer  of  the  instrument  was  cali¬ 
brated  frequently  by  the  usual  method  ( 6 ),  and  with  sufficient 
care  so  that  the  sensitivity  factor  was  known  with  an  accuracy  of 
±0.3  per  cent.  With  the  particular  polarograph  used  the 
galvanometer  deflection  on  the  visual  scale  was  3.5  per  cent  larger 
than  on  the  photographic  paper  for  a  given  current,  apparently 
because  of  a  difference  in  the  lengths  of  the  two  light  paths,  but 
both  deflections  were  strict  linear  functions  of  the  current  (as  re¬ 
quired)  within  the  limits  of  accuracy  of  the  readings. 

H-type  cells  like  those  described  previously  ( 6 ,  IS)  were  used, 
with  either  a  saturated  calomel  or  mercury-mercurous  sulfate 
reference  working  anode,  and  in  all  cases  measurements  were 
made  with  the  cell  in  a  water  thermostat  at  25.00°  C.  The  im¬ 
portance  of  reasonably  precise  temperature  control  in  polaro¬ 
graphic  measurements  has  been  stressed  elsewhere  (6).  Dis¬ 
solved  air  was  removed  from  the  solutions  by  nitrogen  which  had 
been  purified  by  passage  over  copper  gauze  at  about  400°  C. 


The  dropping  electrode  assembly  was  the  same  as  that  de¬ 
scribed  by  Lingane  and  Laitinen  (13),  and  the  capillary  pioper 
consisted  of  a  9-crn.  length  of  6-mm.  outside  diameter  Corning 
“marine  barometer  tubing”  with  a  uniform  internal  diameter  of 
approximately  0.03  mm.  The  wi-value  was  determined  and 
checked  daily  by  means  of  the  simple  volumetric  instrument 
previously  described  (10).  At  the  time  of  this  writing  the  m- 
value  of  this  capillary  has  remained  constant  at  2.57  ±  0.01  mg. 
per  second  at  25°  C.  for  over  eight  months;  this  is  a  good  example 
of  the  constant  behavior  that  can  be  expected  of  such  capillaries 
when  they  are  accorded  the  simple  maintenance  care  that  has 
been  recommended  (d).  The  drop  time  was  in  the  neighborhood 
of  3.5  seconds,  the  exact  value  depending  on  the  nature  of  the 
supporting  electrolyte  and  the  potential  of  the  dropping  elec- 
trode.  In  all  cases  the  exact  drop  time  was  determined  at  the 
particular  potential  at  which  the  diffusion  current  was  measured. 

Stock  solutions  of  the  various  metal  salts  were  prepared  from 
reagent  quality  materials,  and  when  necessary  they  were  stand¬ 
ardized  by  the  usual  procedures.  Particular  care  was  taken  in 
the  preparation  of  the  stock  solutions  of  stannous  tin  to  prevent 
the  formation  of  stannic  salt,  because  in  some  supporting  elec¬ 
trolytes — e.  g.,  dilute  hydrochloric  acid — stannic  tin  contributes 
to  the  diffusion  current  and  hence  its  presence  would  lead  to  too 
high  a  value  for  the  diffusion  current  constant  of  the  stannous  tin. 
A  stock  solution  of  stannous  perchlorate  in  1  N  perchloric  acid 
was  prepared  by  dissolving  pure  tin  in  the  acid  solution  in  contach 
with  a  piece  of  platinized  platinum  wire  to  decrease  hydrogen 
overvoltage;  the  solution  was  stored  under  a  nitrogen  atmosphere 
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Table  I.  Half-Wave  Potentials 


(Values  listed  are  in  volts  os.  the  saturated  calomel  electrode  at  25° 
Supporting 


C.  0.01%  gelatin  is  present  in  all  cases.) 


Half-Wave  Potentials 
and  General  Wave 
Characteristics 


Electrolyte 

As 

Bi 

Sb 

Sn(II) 

Sn(IV) 

Pb 

Cd 

Zn 

Cu 

0.1  N  KCI 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

-0.40 

-0.60 

-1.00 

+  0.04 

1  .V  HC1 

Lo  'a 

-0.9 

-0.09 

-0.15 

-0.47 

-0.47 

-0.43 

-0.64 

a 

+  0.04 
-0.22 

1  jV  H:SOr 

-0.7 
-1.0 
-0.7 
-1.0 
N.  R.  i> 

-0.04 

-0.32 

-0.46 

Insoluble 

Insoluble 

-0.59 

a 

-0.00 

1  N  HNOj 

-0.01 

-0.30 

-0.44 

Insoluble 

-0.40 

-0.59 

a 

-0.01 

1  i V  NaOH 

Insoluble 

-1.26 

—  0.73  c 
-1.22 

—  0 . 20c 
—  0.54 

N.  R.f> 

-0.76 

Insoluble 

-1.53 

-0.42 

Acidic  tartrate 

-1.0 

-0.29 

-0.8 

N.  R.  b 

-0.48 

-0.64 

-1.23 

-0.09 

0.53/  sodium  tar¬ 
trate 

N.  R.i> 

-0.7 

-1.0 

-1.2 

-0  33c 
-0.92 

N.  R.& 

-0.50 

-0.64 

-1.15 

-0.12 

Alkaline  tartrate 

1  N  NH„C1  + 

N.  R.6 

-1.0 

-1.32 

-0.77c 

-1.18 

N.  R.i- 

—  0.75 

-0.79 

-1.42 

-0.44 

-1.6 

1  M  NHj 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

-0.81 

-1.36 

-0.24 

-0.50 

a  Wave  masked  by  final  current  increase. 
b  Not  reduced  at  the  dropping  electrode. 
c  Anodic  wave. 
d  See  note  under  copper. 


Table  I  contains  a  sum¬ 
mary  of  the  half-wave  po¬ 
tential  data  that  have  beer 
gathered  in  this  study,  th( 
values  being  referred  to  tht 
saturated  calomel  electrodi 
at  25°  C.  The  theoretica 
significance  and  practica 
utility  for  purposes  of  quali¬ 
tative  analysis  of  data  o 
this  kind  have  been  discussec 
in  detail  elsewhere  ( 6 ,  9) . 

The  half-wave  potentia 
data  of  Table  I  ari 
represented  graphically 


lr 


1  ,  which  ii 


Figure  2.  Polarograms  of  Arsenious  Acid  in  1  N  Hydro¬ 
chloric  Acid  in  the  Presence  of  0.01  Per  Cent  Gelatin 


Figure 
styled  in  accordance  witl 
V.  Majer’s  “polarographic  spectrum”  (3).  This  chart  wil 
be  found  more  convenient  than  a  tabular  listing  of  data  foi 
purposes  of  orientation  in  planning  analytical  procedures 
For  example,  suppose  an  alloy  of  antimony  and  lead  is  to  be 
analyzed.  A  glance  at  Figure  1  shows  that  sodium  hydroxide 
or  alkaline  tartrate  would  be  the  most  suitable  supporting 
electrolytes  if  antimony  predominates,  because  in  these  medi: 
the  lead  wave  precedes  that  of  the  antimony,  but  if  lead  pre¬ 
dominates  a  hydrochloric  acid  medium  should  be  used,  sc 
that  the  antimony  wave  will  precede  that  of  the  lead. 

The  characteristics  of  the  waves  that  are  of  analytica 
importance  are  discussed  in  the  following  paragraphs.  These 
brief  remarks  are  limited  chiefly  to  new  facts  discovered  ii 
this  investigation,  and  will  serve  to  supplement  previous 
descriptions  (6). 

Arsenic.  When  present  in  the  +5  state  arsenic  is  noi 
reduced  at  the  dropping  electrode  under  any  conditions  tha’ 
have  been  tried  to  date. 

Bayerle  (#),  Kacirkova  (5),  and  Bambach  (1)  have  showi 
that  +3  arsenic  produces  complicated  polarograms  fron 
strongly  acid  media.  Some  typical  polarograms  of  arseniou: 


Concentrations  of  AS2O3:  (a)  0,  ( b )  0.196,  (c)  0.385,  ( d )  0.742,  and  (e)  1.53 

millimolar 


in  contact  with  excess  metallic  tin,  and  it  was  standardized  by 
titration  against  a  ceric  solution  at  each  time  of  use  by  the  pro¬ 
cedure  already  described  (11).  In  all  cases  the  concentrations 
were  known  with  an  accuracy  of  ±0.3  per  cent  or  better. 

The  supporting  electrolyte  solutions  were  also  prepared  from 
reagent  quality  materials,  and  in  each  case  the  purity  of  the  solu¬ 
tion  was  checked  by  running  a  residual  current  curve.  The  con¬ 
centrations  of  the  components  of  the  supporting  electrolytes  were 
known  to  within  ±10  per  cent,  which  is  a  sufficiently  rigorous 
tolerance  as  long  as  the  concentration  is  large  compared  to  that  of 
the  substance  being  determined. 

The  compositions  of  most  of  the  supporting  electrolytes  are 
clearly  shovm  in  Tables  I  and  II.  The  “acidic  tartrate”  solution 
(pH  =  ca.  4.5)  comprised  0.4  M  sodium  tartrate  and  0.1  M 
sodium  hydrogen  tartrate,  and  the  “alkaline  tartrate”  solution 
(pH  =  ca.  13.0)  was  composed  of  0.5  M  sodium  tartrate  and 
0.1  A  sodium  hydroxide. 

Gelatin,  at  a  concentration  of  0.01  per  cent,  was  present  in  all 
cases  as  a  maximum  suppressor.  A  0.2  per  cent  stock  solution 
was  used,  and  it  was  preserved  effectively  against  mold  growth 
and  bacterial  decomposition  by  addition  of  a  few  drops  of  toluene 
per  100  cc. 

The  residual  current  of  each  supporting  electrolyte  was  deter¬ 
mined  and  proper  correction  for  it  was  applied  in  evaluating  the 
diffusion  currents  (6). 


In  (a)  1  jV  sulfuric  acid,  (6)  0.4  M  sodium  tartrate  plus  0.1  M  sodium  | 
hydrogen  tartrate  (pH  =  4.5),  and  (c)  1  N  sodium  hydroxide.  Concert-  j 
tration  of  +3  arsenic  was  2.00  millimolar  in  each  case,  and  0.01%  gel  j 
was  present  as  a  maximum  suppressor. 
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Figure  4.  Polarograms  op  2.52  AIillimolar  Bismuth 

n  (0)  1  N  hydrochloric  acid,  (6)  1  M  nitric  acid,  and  (c)  1  N  sulfuric  acid,  in  the 
iresence  of  0.01%  gelatin.  Curve  a  starts  at  0  volt,  and  curves  i>  and  c  start  at 
+0.3  volt;  each  voltage  mark  corresponds  to  0.1  volt. 


muth  alone.  In  agreement  with  the  conclusions  of  Page 
and  Robinson  ( 75 )  it  was  found  that  1  A  sulfuric  acid 
is  the  best  of  these  three  supporting  electrolytes  for  de¬ 
termination  of  bismuth  in  the  presence  of  antimony 
(compare  half-wave  potential  data  in  Table  I). 


Typical  bismuth  waves  in  acidic,  neutral  (pH  — 
8.8) ,  and  alkaline  tartrate  media  are  shown  in  Figure  5. 


The  bismuth  wave  is  well  developed  only  in  an  acidic 
tartrate  medium  (pH  smaller  than  about  7),  and  in 
neutral  or  alkaline  media  (curves  f>  and  c)  the  waves 
are  practically  useless  for  quantitative  purposes. 
Suchy  {17)  has  stressed  the  use  of  a  “neutral”  tartrate 
supporting  electrolyte,  but  since  he  added  solutions 
of  bismuth  nitrate,  which  must  have  contained  some 
free  nitric  acid,  to  a  sodium  tartrate  solution,  the  solu¬ 
tions  that  he  investigated  must  have  actually  had  a  pH 
value  considerably  smaller  than  that  of  a  pure  sodium 
tartrate  solution.  In  the  present  experiments  with 
“neutral  tartrate”  media  the  solutions  were  neutralized 
with  sodium  hydroxide  to  the  pH  of  pure  0.5  M  sodium 
tartrate  (8.8  to  9.0)  after  the  bismuth  solution  was 
added. 


cid  obtained  with  1  A  hydrochloric  acid  as  supporting 
lectrolyte,  and  in  the  presence  of  0.01  per  cent  gelatin,  are 
hown  in  Figure  2. 

The  arsenic  wave  is  seen  to  consist  of  two  main  parts  with  some 
emblance  of  a  diffusion  current  plateau  at  —0.8  to  —0.9  volt. 
:he  wave  height  at  -0 .8  volt  is  directly  proportional  to  the  con- 
entration  of  arsenious  acid,  and  the  diffusion  current  constant, 
//{Cm^H1  /«),  is  equal  to  8.6  at  25°  C.  This  value  is  almost  twice 
s  large  as  the  corresponding  values  for  antimony  and  bismuth 
compare  Table  II),  but  since  it  is  to  be  expected  that  the  diffu- 
ion  coefficient  of  the  uncharged  arsenious  acid  molecule  will  be 
larger  than  the  diffusion  coefficients  of  the  chloro  complex  ions  of 
ntimony  and  bismuth,  it  seems  reasonable  to  conclude  that  this 
rave  corresponds  to  reduction  of  arsenious  acid  to  the  elemental 
jtate  rather  than  to  arsine.  The  poorly  defined  wave  that 
[tarts  at  about  -0.9  volt  is  probably  due  to  reduction  to  arsine, 
s  Kacirkova  concluded;  the  height  of  the  wave  indicates  that 
iiis  reduction  does  not  proceed  completely. 

Curve  a  in  Figure  3  is  a  typical  polarogram  of  arsenious  acid  in 
.5  M  sulfuric  acid,  and  its  character  is  similar  to  that  obtained 
:'om  hydrochloric  acid.  The  development  of  the  diffusion  cur- 
ent  is  somewhat  better  than  in  hydrochloric  acid,  and  it  is  linearly 
iroportional  to  the  concentration  of  arsenic.  The  wave  obtained 
rith  1  A  nitric  acid  as  a  supporting  electrolyte  is  virtually  identi- 
al  in  all  respects  with  that  obtained  from  dilute  sulfuric  acid, 
ffie  data  in  Table  II  indicate  that  the  diffusion  cur- 
ent  constants  in  1  A  sulfuric  and  nitric  acids  are 
iractically  identical  with  that  in  1  A  hydrochloric 
.cid. 

Curve  c  in  Figure  3  demonstrates  that  arsemte 
on  in  1  A  sodium  hydroxide  is  not  reduced  at  the 
hopping  electrode. 

Arsenite  ion  is  not  reduced  from  neutral  or 
dkaline  tartrate  media,  but  a  poorly  developed 
vave  is  produced  from  an  acidic  tartrate  support- 
ng  electrolyte,  as  shown  by  curve  b  in  Figure  3. 

[t  is  obvious  that  this  wave  is  not  suitable  for 
inalytical  purposes. 

Bismuth.  In  agreement  with  the  results 
if  Bayerle  (2),  Kacirkova  (5),  and  Page  and 
Robinson  (75),  the  author  found  that  the  +3 
bismuth  wave  is  excellently  defined  in  1  A  hydro- 
:hloric,  nitric,  or  sulfuric  acids,  in  the  pres¬ 
ence  of  0.01  per  cent  gelatin  as  a  maximum  sup¬ 
pressor,  as  shown  in  Figure  4. 

In  1  A  hydrochloric  acid  £3/4  —  £i/4  was  found 
to  be  0.022  volt,  compared  to  the  theoretical  value 
0.019  volt  {6).  In  1  A  nitric  acid  £3/4  —  £im 
was  equal  to  0.026  volt,  and  in  1  A  sulfuric  acid 
it  was  equal  to  0.050  volt.  It  follows  from  these 
data  that  the  reduction  of  BiCl-T  from  1  A  hydro¬ 
chloric  acid  proceeds  reversibly,  but  the  reduction 
of  BiO+  from  nitric  or  sulfuric  acids  is  somewhat 
irreversible.  However,  all  three  supporting  elec¬ 
trolytes  are  suitable  for  the  determination  of  bis- 


Antimony.  Antimony  in  the  +5  state,  like  the  cor¬ 
responding  compounds  of  arsenic,  is  not  reduced  at  the  drop¬ 
ping  electrode  from  any  of  the  supporting  electrolytes  so  far 
studied. 

Typical  polarograms  of  +3  antimony  in  1  A  hydrochloric 
and  1  A  nitric  acids  are  shown  in  Figure  6  (see  also  Page  and 
Robinson,  15).  Both  media  are  suitable  for  the  determina¬ 
tion  of  antimony  in  the  absence  of  interfering  substances,  and, 
except  for  the  peculiar  irregularity  near  the  top  of  the  wave 
in  hydrochloric  acid,  the  wave  forms  are  normal  with  excellent 
diffusion  current  plateaus. 

The  occurrence  of  the  irregularity  near  the  top  of  the 
wave  (curve  a,  Figure  6)  is  dependent  on  the  concentration  of 
gelatin,  and  it  disappears  when  the  concentration  of  gelatin  is 
increased  above  0.01  per  cent.  It  is  significant  that  this  11- 
regularity  was  not  observed  by  Page  and  Robinson  (75),  who 
used  0.1  per  cent  gelatin  as  a  maximum  suppressor. 

The  steep  slope  of  the  wave  in  1  A  hydrochloric  acid  corre¬ 
sponds  closely  to  a  reversible  3-electron  reduction  (probably  of 
SbCl4_),  but  the  smaller  wave  slopes  in  nitric  acid  (and  in  sulfuric 
acid)  indicate  that  the  reduction  of  SbO+  is  not  perfectly  reversi¬ 
ble  at  the  dropping  electrode.  Hydrochloric  acid  should  be  a 


Figure  5.  Polarograms  of  2.52  Millimolar  Bismuth 

In  (a)  0.4  M  sodium  tartrate  plus  0.1  M  sodium  hydrogen  tartrate  (pH  =  4.5), 
(6)  0.5  M  sodium  tartrate  (pH  =  8.8),  and  (c)  0.5  M  sodium  tartrate  plus  0.1  A 
sodium  hydroxide,  in  the  presence  of  0.01%  gelatin. 
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Smrz  (16)  claimed  that  stannite  ion  in  1  N  sodiui 
hydroxide  produced  two  cathodic  weaves  at  about  —1. 
and  — 1.55  volts,  and  that  when  a  stannite  solution  wt 
allowed  to  stand,  the  height  of  the  first  wave  increase 
while  that  of  the  second  decreased.  He  concluded  tin 
the  first  wave  at  —1.2  volts  was  due  to  the  reductio 
of  stannate  ion  produced  by  the  slow  disproportionatio 
of  stannite  ion,  but  this  conclusion  is  erroneous  becaus 
stannate  ion  is  not  reduced  at  the  dropping  electrod 
(see  below) .  The  author’s  experience  is  considerabl 
at  variance  with  Smrz’  results  in  other  respects. 


Figure  6.  Polarograms  of  2.50  Millimolar  +3  Antimony 

In  (a)  1  N  hydrochloric  acid  and  ( b )  1  N  nitric  acid,  in  the  presence  of  0.01% 

gelatin 


useful  supporting  electrolyte  for  determining  antimony  in  the 
presence  of  lead — e.  g.,  in  battery  plate  and  other  antimonial  lead 
alloys — provided,  of  course,  that  interfering  elements  are  either 
absent  or  have  been  removed.  Page  and  Robinson  (15)  have 
shown  that  a  hydrochloric  acid  medium  is  very  suitable  for  deter¬ 
mining  antimony  in  various  organic  antimonial  medicinals. 


Polarograms  of  +3  antimony  in  1  N  sulfuric  acid  and  1  N 
sodium  hydroxide  are  shown  in  Figure  7 ;  the  wave  forms  and 
diffusion  currents  in  both  media  are  very  satisfactory. 


The  second  small  wave  at  — 1.0  volt  in  1  A  sulfuric  acid  (curve 
a)  may  be  due  to  partial  reduction  of  the  antimony  to  stibine; 
the  smallness  of  this  wave  indicates  that  this  reduction  does  not 
take  place  completely,  and  its  presence  precludes  the  determina¬ 
tion  in  the  presence  of  antimony  of  other  metals  whose  half-wave 
potentials  in  dilute  sulfuric  acid  are  more  negative  than  about 
—  0.8  volt. 


The  polarograms  of  antimony  in  tartrate  media  of  various 
pH  values,  shown  in  Figure  8,  demonstrate  that  only  in  an 
alkaline  tartrate  supporting  electrolyte  containing  excess 
hydroxide  ion  is  the  diffusion  current  sufficiently  well  defined 
to  be  used  for  exact  quantitative  purposes  (curve  d) ,  although 
the  wave  in  acidic  tartrate  medium  (curve  c)  may 
be  useful  for  semiquantitative  work  when  other 
conditions  preclude  the  use  of  an  alkaline  tartrate 
solution.  The  wave  in  neutral  sodium  tartrate 
solution  in  the  absence  of  gelatin  (curve  a,  pH 
about  9)  is  seen  to  comprise  three  distinct  parts. 

Since  reduction  to  oxidation  states  between  +3 
and  the  metal  is  highly  improbable,  this  triple 
wave  probably  corresponds  to  the  existence  of 
the  +3  antimony  in  three  different  ionic  and/or 
molecular  states  in  a  sodium  tartrate  solution, 
with  the  antimonyl  tartrate  ion  predominating. 

Stannous  Tin.  Excellently  defined  waves  are 
obtained  with  1  N  hydrochloric  acid,  1  N  nitric 
acid,  or  1  iV  sulfuric  acid  as  supporting  electrolyte 
when  0.01  per  cent  gelatin  is  present  as  a  maxi¬ 
mum  suppressor,  and  as  far  as  polarographic 
characteristics  alone  are  concerned,  all  three  media 
are  equally  suitable  for  the  determination  of 
stannous  tin.  In  1  N  hydrochloric  acid  an  in¬ 
dication  of  an  anodic  wave,  corresponding  to  the 
oxidation  of  tetrachlorostannite  ion  to  hexa- 
chlorostannate  ion,  was  observed  at  about  —0.1 
volt  vs.  the  saturated  calomel  electrode,  but 
the  wave  was  too  poorly  developed  to  be  of  any 
analytical  use. 


+  0.2 


The  polarogram  of  stannite  ion  in  1  N  sodium  hydroxid 
comprises  a  very  well  developed  anodic  wave  at  —0.73  vol 
and  only  a  single  cathodic  wave  at  —1.22  volts,  as  show 
in  Figure  9.  The  cathodic  and  anodic  diffusion  current 
are  exactly  equal,  and  it  is  evident  that  the  cathodic  wav 
results  from  the  reduction  of  stannite  ion  to  the  metalli 
state  and  the  anodic  wave  corresponds  to  oxidation  of  star 
nite  ion  to  stannate  ion.  The  polarograms  in  Figure  9,  an 
several  others  that  have  been  obtained,  show  no  indica 
tion  of  the  second  cathodic  wave  at  —1.55  volts  that'Smr 
reported.  From  the  fact  that  the  anodic  half-wave  pc 
tential  is  —0.73  volt,  whereas  the  reversible  potential  of  th 
stannite-stannate  couple  is  — 1.21  volts  vs.  the  S.  C.  E.,  it  is  clea 
that  the  oxidation  of  stannite  ion  proceeds  irreversibly  at  the  drop 
ping  electrode.  The  cathodic  half-wave  potential  is  several  tenth 
of  a  volt  more  negative  than  one  would  predict  from  the  reversibl 
potential  of  the  stannite-tin  couple  and  a  reasonable  estimate  o 
the  free  energy  of  formation  of  tin  amalgam,  from  which  it  mus 
be  concluded  that  the  reduction  of  stannite  ion  also  takes  plac 
irreversibly.  This  irreversibility  of  the  electrode  reactions  is  o 
no  importance  in  practical  analytical  work,  since  the  diffusioi 
currents  are  so  well  defined. 

Stannite  ion  in  1 IV  sodium  hydroxide  is  unstable  to  the  exten 
of  about  7.7  kcal.  per  mole  with  respect  to  disproportionation  inti 
stannate  ion  and  metallic  tin  (<§),  and  therefore  when  it  is  used  a 
a  determining  form  of  tin  the  solution  must  be  freshly  prepare! 
and  protected  carefully  from  air  oxidation.  However  the  autho 
observed  no  change  in  any  of  the  characteristics  of  the  stanniti 
wave  after  a  solution  stood  for  one  hour  protected  from  atmos 
pheric  oxygen,  and  hence  with  pure  solutions  the  disproportion 
ation  evidently  takes  place  slowly.  This  may  not  be  true  wit! 
impure  solutions,  or  in  the  presence  of  metallic  tin. 

The  polarogram  of  stannite  ion  in  sodium  hydroxide  medium  i; 
very  similar  to  that  of  stannous  tin  in  an  alkaline  tartrate  solutioi 
(11),  and  the  cathodic  and  anodic  half-wave  potentials  in  the  tw< 
media  are  almost  identical  (compare  Table  I).  Furthermore 
inspection  of  the  data  in  Table  II  shows  that  the  diffusion  curren 
constant  in  an  alkaline  tartrate  solution  (2.86)  is  about  midwaj 
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Figure  7.  Polarograms  op  2.50  Millimolar  +3  Antimony 
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etween  the  value  in  an  acidic  tartrate  solution  (2.41)  and  that  of 
;annite  ion  (3.45).  It  may  be  concluded  that  a  considerable 
roportion,  although  not  all,  of  the  stannous  tin  in  an  alkaline 
irtrate  solution  actually  exists  as  stannite  ion. 

The  characteristics  of  the  stannous  waves  in  various  tartrate 
iedia  have  been  discussed  in  a  previous  paper  ( 1  ). 

Stannic  Tin.  Curve  a  in  Figure  10  is  a  typical  polarogram 
f  stannic  tin  in  1  N  hydrochloric  acid;  the  character  of  the 
ave  leaves  much  to  be  desired.  Since  the  limiting  current 
;  not  well  developed,  but  increases  uniformly  with  increasing 
egative  potential,  the  wave  cannot  be  recommended  for 
xact  quantitative  work. 

The  small  pre-wave  starting  at  about  —0.05  volt,  whose  height 
oes  not  correspond  to  any  integral  electron  requirement,  indi- 
ates  that  in  addition  to  the  predominating  SnCle  ion  the  solu- 
ion  also  contains  stannic  tin  in  another  form  that  is  more  easily 
educible.  Furthermore,  the  fact  that  two  separate  waves  are 
btained  shows  that  the  equilibrium  between  the  two  species  is 
stablished  very  slowly.  In  view  of  the  well-known  tendency  of 
tannic  chloride  solutions  to  hydrolyze  slowly,  even  in  the  pres- 
nce  of  a  relatively  high  concentration  of  hydrogen  ion,  it  is  likely 
hat  the  more  easily  reducible  species  is  a  hydrolysis  product  ol 
ome  sort.  The  half-wave  potential  of  the  main  stannic  wave  in 
hydrochloric  acid  medium  is  identical  with  that  of  the  stannous 
,rave  (compare  Table  I). 

Stannic  tin  in  either  1  N  sulfuric  or  nitric  acids  is  too 
ready  hydrolyzed,  with  the  precipitation  of  basic  salts,  to 
•ermit  the  use  of  these  media  as  supporting  electrolytes. 

Stannic  tin  is  not  reduced  from  its  solutions  in  sodium 
lydroxide  (curve  b ,  Figure  10),  nor  from  any  of  the  three 
artrate  solutions.  Although  this  is  rather  disappointing 
rom  the  standpoint  of  determining  tin  itself,  it  will  probably 
irove  to  be  advantageous  in  connection  with  the  determina- 
ion  of  other  metals,  such  as  antimony,  bismuth,  or  lead,  in  the 
presence  of  stannic  tin. 

Lead.  The  lead  waves  from  0.1  N  potassium  chloride, 
N  hydrochloric  or  nitric  acids,  and  1  N  sodium  hydroxide 
re  very  well  developed  with  excellently  defined  diffusion 
urrents.  All  these  media  can  be  recommended  for  the 
iletermination  of  lead. 

1  Normal  well  developed  waves  are  also  obtained  from  the 
■arious  tartrate  media,  except  that  in  an  alkaline  tartrate 


Figure  8.  Antimony  in  Tartrate  Media 

a.  0.91  millimolar  potassium  antimonyl  tartrate  in  0.5  M  sodium  tartrate. 

b.  Like  a  except  0.01%  gelatin  present,  c.  0.86  millimolar  potassium  anti- 
monvl  tartrate  in  0.4  M  sodium  tartrate  plus  0.1  M  sodium  hydrogen  tartrate 
plus  0.01%  gelatin,  d.  0.71  millimolar  potassium  antimonyl  tartrate  in 
0.5  M  sodium  tartrate  plus  0.1  N  sodium  hydroxide  plus  0.01%  gelatin. 

Each  curve  starts  at  —0.3  volt. 


Figure  9.  Polarograms  of  Stannite  Ion 

In  1  N  sodium  hydroxide  in  the  presence  of  0.01%  gelatin. 
Concentrations  of  tin:  (a)  3.04,  (5)  5.59  millimolar. 


solution  the  wave  requires  a  fairly  great  voltage  span  ( ca . 
0.4  volt)  for  full  development  of  the  diffusion  current. 

Cadmium.  With  either  1  N  hydrochloric  or  nitric  acid  as 
supporting  electrolyte  the  cadmium  wave  is  excellently 
defined  and  both  media  are  suitable  for  quantitative  purposes. 

The  wave  obtained  from  1  N  sulfuric  acid  can  be  recom¬ 
mended  only  for  qualitative  or  rough  quantitative  measure¬ 
ments  because  the  diffusion  current  does  not  reach  a  per¬ 
fectly  constant  value,  but  increases  gradually  with  increasing 
negative  potential  up  to  the  potential  of  hydrogen  dis¬ 
charge.  It  may  be  possible  to  obtain  a  better  diffusion  cur¬ 
rent  in  a  more  dilute  sulfuric  acid  solution,  but  this  has  not 
been  investigated. 

With  either  an  acidic  or  neutral  tartrate  supporting  electro¬ 
lyte  the  wave  form  is  entirely  normal  with  a  very  good  dif¬ 
fusion  current  plateau,  and  both  media  can  be  recommended 
for  the  quantitative  determination  of  cadmium. 

On  the  other  hand,  an  alkaline  tartrate  supporting 
electrolyte  is  not  suitable  for  the  determination  of 
cadmium.  In  such  a  medium  the  wave  itself  is  well 
enough  defined,  but  the  limiting  current  is  abnormally 
small  and  it  is  not  directly  proportional  to  the  con¬ 
centration  of  cadmium.  For  example,  in  a  typical 
series  of  experiments  the  quantity  id/{Cm'l/'3t1^)  de¬ 
creased  from  1.36  to  0.33  when  the  cadmium  concentra¬ 
tion  was  increased  from  1  to  18.6  millimolar.  These 
data  show  that  the  limiting  current  is  not  diffusion 
controlled,  and  hence  it  has  little  analytical  value. 

The  wave  obtained  from  an  ammoniacal  supporting 
electrolyte  is  normal  in  all  respects  with  an  excellent 
diffusion  current  plateau. 

Zinc.  Zinc  cannot  be  determined  in  the  presence  of 
a  large  concentration  of  hydrogen  ion,  because  the 
wave  is  masked  by  hydrogen  evolution. 

The  reduction  of  zincate  ion  from  1  N  sodium  hy¬ 
droxide  produces  a  well  developed  wave;  the  diffu¬ 
sion  current  is  reached  just  before  the  discharge  of 
sodium  ion. 

Well  defined  waves  are  also  obtained  from  neu¬ 
tral  or  alkaline  tartrate  media.  The  voltage  span  of 
these  waves  is  rather  large  (ca.  0.4  volt),  from  which 
it  is  evident  that  the  reduction  of  the  tartrate  zinc 
complexes  is  not  thermodynamically  reversible,  but 
in  both  cases  a  satisfactory  diffusion  current  plateau 
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Figure  10.  Polarograms  of  2.60  Millimolar  Stannic  Chloride 

In  {a)  1  N  hydrochloric  acid  and  (6)  1  N  sodium  hydroxide,  in  the  presence  of 

0.01%  gelatin 


is  developed.  A  distinct  wave  is  also  produced  in  an  acidic 
tartrate  medium,  but  the  diffusion  current  is  masked  by 
hydrogen  discharge  and  the  wave  can  be  used  only  for 
qualitative  purposes. 

The  wave  of  the  tetramminozinc  ion  from  an  ammoniacal 
supporting  electrolyte  is  beautifully  developed,  and  its  slope 
corresponds  closely  to  the  value  expected  for  a  reversible  2- 
electron  reduction. 

Copper.  Typical  polarograms  of  cupric  copper  in  1  N 
hydrochloric,  nitric,  and  sulfuric  acids  are  shown  in  Figure  11. 

The  double  wave  in  a  concentrated  chloride  solution  is  similar 
to  the  characteristic  double  wave  produced  in  the  presence  of 
ammonia,  pyridine,  and  other  substances  that  stabilize  the  +1 
state  of  copper  by  complex  formation  ( 6 ,  9).  In  1  A  hydro¬ 
chloric  acid  the  first  wave  results  from  reduction  of  the  +2 
copper  (probably  present  as  CuGi  )  to  the  dichlorocuprite  ion, 
CuC'h-,  and  the  second  wave  corresponds  to  further  reduction 
of  the  dichlorocuprite  ion  to  the  metal.  The  exact  half-wave 
potential  of  the  first  stage  of  the  reduction  in  1  A  hydrochloric 
acid  cannot  be  accurately  measured,  since  it  is  more  positive  than 
the  anodic  dissolution  potential  (calomel  electrode  potential)  of 
mercury,  and  the  wave  starts  from  zero  applied  e.  m.  f.  From 
the  instability  constant  of  CuCl2~  (2.9  X  10-6)  quoted  by  Lati¬ 
mer  ( 8 )  and  the  standard  potential  of  the  cuprous  ion-copper 
amalgam  couple  (+0.144  volt  vs.  the  S.  C.  E.),  and  by  relations 
that  have  already  been  described  ( 6 ,  9),  the  half-wave  potential 
of  the  second  wave  should  be  —0.183  volt  vs.  the  S.  C.  E.  for  the 
reversible  reduction  of  CuCL-.  The  observed  value  (  —  0.22 
volt)  agrees  sufficiently  closely  with  the  theoretical  value  to  indi¬ 
cate  that  the  reduction  is  reversible  at  the  dropping  electrode. 
From  the  character  of  the  first  wave,  and  also  from  a  visible  amal¬ 
gam  formation,  it  is  evident  that  +2  copper  is  reduced  by  mer¬ 
cury  in  1  A  hydrochloric  acid,  and  hence  a  separate  anode, 
rather  than  a  quiet  pool  of  mercury  as  anode,  should  be  used  in 
practical  analytical  work  in  order  to  minimize  contact  of  the  solu¬ 
tion  with  mercury.  It  is  usually  most  convenient  to  measure  the 
total  height  of  the  double  wave. 

In  both  1  A  nitric  and  1  A  sulfuric  acids  the  reduction  of  +2 
copper  produces  only  a  single  wave,  the  reduction  proceeding 
directly  to  the  metallic  state.  The  wave  form  in  1  A  nitric  acid 
is  normal  (curve  b,  Figure  11),  but  in  1  A  sulfuric  acid  a  peculiar 
semblance  of  a  minimum  is  noted  in  the  diffusion  current  (curve  c, 
Figure  11)  and  this  is  followed  by  a  gradually  increasing  current. 
Therefore,  1  A  sulfuric  acid  cannot  be  recommended  for  the 
quantitative  determination  of  copper,  except  when  it  is  present  at 
very  small  concentrations,  nor  for  the  determination  in  the  pres¬ 
ence  of  copper  of  more  difficultly  reducible  substances. 

In  1  A  sodium  hydroxide  the  +2  copper  wave  is  perfectly 
normal  and  the  diffusion  current  is  very  well  defined.  How- 


i 

ever,  since  the  solubility  of  cupric  hydroxide  in  1  _Y 
hydroxide  ion  is  small  (ca.  0.001  M),  sodium  hydrox¬ 
ide  possesses  only  limited  usefulness  as  a  supporting 
electrolyte  for  the  determination  of  copper  in  practical 
analytical  work. 

The  characteristics  of  the  cupric  wave  in  tartrate 
media  have  been  discussed  in  a  previous  paper  (11). 
The  waves  from  acidic  or  neutral  tartrate  solutions 
are  excellently  developed.  In  an  alkaline  tartrate 
solution  a  small  ‘'pre-wave”  occurs  at  about  —0.4 
volt,  and  the  diffusion  current  of  the  main  wave  at 
—  1.6  volts  is  masked  by  the  final  increase  in  current 
from  the  reduction  of  sodium  ion.  It  may  be  pos¬ 
sible  to  eliminate  the  pre-wave  by  employing  a  more 
alkaline  tartrate  solution  than  that  used  in  this 
study;  if  this  is  successful,  it  will  provide  a  more 
eonx'enient  means  than  a  prior  chemical  separation 
of  eliminating  the  interference  of  copper  in  the  de¬ 
termination  of  other  metals  in  copper-base  alloys. 

Diffusion  Current  Constants  and  Their 
Application  to  Practical  Analyses 

An  ideal  polarographic  procedure  would  permit 
the  determination  of  a  substance  from  a  single 
polarogram,  or  even  from  a  single  measurec 
value  of  the  diffusion  current,  without  the  necessity  oi 
calibrating  the  particular  dropping  electrode  that  is  usee 
with  known  concentrations  of  the  substance  in  ques¬ 
tion.  In  addition  to  placing  polarographic  analysis  on 
a  relatively  “absolute”  basis,  such  a  procedure  possesses  the 
important  practical  advantage  of  saving  the  considerable 
amount  of  time  that  must  otherwise  be  spent  in  preparing 
standard  solutions  of  each  substance  to  be  determined  and  in 
obtaining  calibration  polarograms.  Chiefly  as  a  result  of  the 
fundamental  studies  that  were  made  by  Ilkovic  in  Professor 
Heyrovsky’s  laboratory  in  Prague  (4),  the  factors  which 
govern  a  polarographic  diffusion  current  are  now  so  wel 
known  that  the  application  of  this  simplified  technique  to  prac¬ 
tical  analyses  is  perfectly  feasible,  when  certain  fundamenta 
data  are  available. 

It  was  first  demonstrated  by  Ilkovic  (4),  and  later  confirmed  by 
others  (6,  12),  that  the  diffusion  current  is  expressed  completely 
and  quantitatively  by  the  following  equation: 

id  =  knD1  nCm2/H1/%  (1) 

in  which  id  is  the  diffusion  current  in  microamperes,  n  is  the  num¬ 
ber  of  electron  equivalents  per  molar  unit  of  the  electrode  reaction, 
D  is  the  diffusion  coefficient  (sq.  cm.  per  second)  of  the  reducible 
or  oxidizable  substance,  C  is  its  concentration  in  millimoles  per 
liter,  m  is  the  rate  of  mercury  flow  from  the  dropping  electrode  in 
mg.  per  second,  and  t  is  the  drop  time  in  seconds.  The  theoretical 
significance  and  general  practical  utility  of  this  relation  have  been 
discussed  in  detail  by  Kolthoff  and  Lingane  (6),  and  its  validity 
has  been  definitely  established,  particularly  as  regards  the  linear 
dependence  of  id  on  C  and  on  the  quantity  m2/3t1/e.  Since  k,  n, 
and  D  are  independent  of  the  characteristics  of  the  dropping 
electrode  capillary,  the  quantity  knD 1  /2,  which  is  experimentally 
determinable  as  id/ (Cm2/3  is  a  fundamental  constant  for  any 
given  substance,  and  is  referred  to  below  as  the  “diffusion  current 
constant”.  This  term  has  previously  been  applied  to  the  ratio 
id/C  (6),  but  since  this  ratio  depends  on  the  properties  of  the 
dropping  electrode  capillary — i.  e.,  on  m2 /3tl  /6 — it  is  recommended 
that  this  usage  be  discontinued  in  favor  of  the  more  fundamental 
quantity  u/(Cm2/3t V6). 

According  to  theoretical  considerations  (6),  constant  k  in 
Equation  1  should  be  equal  to  605  at  temperatures  between 
about  15°  and  40°  C.,  when  the  other  quantities  are  expressed  in 
the  units  indicated  above.  The  approximate  correctness  of  this 
value  has  been  verified  experimentally  in  the  few  cases  where 
sufficiently  accurate  values  of  diffusion  coefficients  are  available 
to  permit  a  comparison  (6).  In  most  cases,  however,  it  is  not 
possible  to  employ  this  theoretical  constant  to  calculate  diffusion 
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Table  II.  Diffusion  Current  Constants 


Values  listed  are  id/ (Cm*/*  <1/6)  at  25°  C.  Values  in  italics  are  uncertain  because  of  poorly  defined  diffusion  currents, 
aiues  listen  ai  a,  i  ^  ^  0  01  %  gelatin  was  present  as  a  maximum  suppressor.  ] 


upporting  Electrolyte  As 


Bi 


.  1  N  KC1 
N  HC1 
.5  M  H2SO4 
N  HNOi 
N  NaOH 
cidic  tartrate 
.5  M  sodium  tartrate 
lkaline  tartrate 
N  NHiCl  +  1  M  NHa 


8.6 
8.4 
8.8 
N.  R.  b 


N.  R. 
N.  R. 


Insoluble 

5.23 

4.31 

4.64 

Insoluble 

3.12 

8.0 


Insoluble 


Sb 

Insoluble 

5.54 
4.94 
5.10 

4.54 
3.4 
3.9 

3.54 

Insoluble 


Sn(II) 

Insoluble 

4.07 

3.54 

4.02 

3.45 

2.41 

2.48 

2.86 

Insoluble 


Sn(IV) 

Insoluble 

4.8 

Insoluble 
Insoluble 
N.  R. 

N.  R. 
N.R. 

N.  R. 
Insoluble 


Pb 

Cd 

Zn 

Cu 

3.80 

3.51 

3.42 

3.23 

3.86 

3.58 

a 

3.39 

Insoluble 

2.6 

a 

2.12 

3.67 

3.06 

a 

3.24 

3.39 

Insoluble 

3.14 

2.91 

2.37 

2.34 

a 

2.37 

2.30 

2.34 

2.30 

2.24 

2.39 

d 

2.65 

a 

Insoluble 

3.68 

3.99 

3.75 

a  Diffusion  current  masked  by  final  current  increase  (discharge  of  hydrogen  or  sodium  ion). 
b  N.  R.,  not  reducible. 

c  No  definite  limiting  current.  ....  ,  ,.  t 

d  Diffusion  current  not  well  developed,  and  not  proportional  to  concentration  of  cadmium. 


jrrent  constants  with  any  degree  of  accuracy,  because  diffusion 
^efficient  data  under  the  conditions  existing  in  polarographic 
leasurements  are  not  to  be  found  in  the  literature;  therefore 
iese  constants  must  be  determined  experimentally. 


Table  II  contains  a  summary  of  the  diffusion  current  con- 
tants  of  the  metals  with  which  the  present  investigation  is 
oncerned.  Except  for  the  values  in  italics,  which  are  more 
r  less  uncertain  because  of  imperfectly  developed  dif- 
lsion  currents,  the  values  are  believed  to  be  generally  ac- 
urate  to  ±2  per  cent.  The  values  for  lead,  cadmium,  and 
inc  in  0.1  N  potassium  chloride  are  taken  from  a  previous 
ompilation  (6,  12),  and  that  for  copper  in  the  same  medium 
5  based  on  the  measurements  of  Kolthoff  and  Orlemann  (7). 
l11  other  values  were  determined  in  the  present  study. 

The  data  in  Table  II  can  be  applied  directly  to  the  analysis 
f  unknown  solutions  of  these  metals  in  these  particular  sup- 
lorting  electrolytes.  If  we  represent  the  diffusion  current 
onstant  by  7,  then  the  concentration  in  an  unknown  case 
Till  be  given  by 


C  = 


u 


Imin  t1/6 


(2) 


In  addition  to  a  knowledge  of  the  diffusion  current  con- 
;ant,  this  method  requires  that  the  quantity  to  2/3  fl/e  be  known 
>r  the  capillary  that  is  used,  but  the  determination  of  m 
nd  f  by  a  technique  that  has  already  been  described  (10) 
jquires  only  a  very  few  minutes’  time,  and  obviously  it  is 
luch  simpler  than  the  preparation  of  a  standard  solution  for 
ach  substance. 

The  reliability  of  this  technique  depends 
rimarily  on  the  existence  of  a  linear  relation 
etween  u  and  to 2/3  fl/s.  Basing  their  opinion 
n  the  excellent  work  of  Maas  (14)>  Kolthoff 
nd  Lingane  (6)  have  concluded  that  this  re- 
ition  is  obeyed  with  an  accuracy  of  at  least 
tl.5  per  cent.  From  more  recent  experience 
he  author  is  convinced  that  with  m-values 
n  the  usual  range  from  about  1  to  3  mg.  per 
econd,  and  drop  times  between  about  2  and  4 
econds,  the  accuracy  of  this  relation  is  as  good 
is  the  accuracy  with  which  one  can  measure  a 
liffusion  current. 

Although  m  is  independent  of  the  potential  of 
fie  dropping  electrode  and  the  medium  in 
vhich  the  mercury  drops  form,  the  drop  time, 
md  hence  to2/3<i/6,  changes  appreciably  with 
fianging  potential  and  also  with  the  medium 
[6,  7).  Therefore,  m  can  be  determined  with 
fie  mercury  drops  forming  in  air  (10),  but  it  is 
essential  that  the  drop  time  be  determined  in  the 
same  medium  and  at  the  same  potential  at 
.vhich  the  diffusion  current  is  measured  (6,  7). 


Although  the  diffusion 
current  constant  is  inde¬ 
pendent  of  the  properties 
of  the  dropping  electrode, 
it  does  depend  on  tem¬ 
perature  and  on  the  compo¬ 
sition  of  the  supporting  elec¬ 
trolyte,  because  the  dif¬ 
fusion  coefficient  is  a  func¬ 
tion  of  these  factors  (6).  In 
most  cases  the  temperature 
coefficient  "is  in  the  neighbor¬ 
hood  of  1.5  per  cent  per 
degree,  which  requires  that 
the  temperature  be  controlled 
to  at  least  ±0.5°,  prefer¬ 


ably  at  25°  C.  Usually  the  composition  of  a  supporting 
electrolyte  is  of  more  importance  than  its  exact  concentra¬ 
tion,  provided  that  the  concentration  is  relatively  large;  in 
many  instances  the  concentration  can  be  varied  by  as  much 
as  a  factor  of  2,  or  even  more,  without  seriously  changing  the 
diffusion  current  constant,  although  this  should  never  be 
taken  for  granted  without  experimental  verification.  As  a 
general  rule  the  diffusion  current  constant  of  a  substance  is 
not  influenced  by  the  simultaneous  reduction  or  oxidation 
of  other  substances  at  the  dropping  electrode,  and  the  values 
listed  in  Table  II  are  applicable  to  mixtures  of  the  various 

metals.  » 

Gelatin,  which  is  commonly  used  as  a  maximum  sup¬ 
pressor,  frequently  has  a  marked  influence  on  the  diffusion 
current  constant,  and  hence  its  concentration  must  be  con¬ 
trolled  carefully  and  should  not  be  larger  than  is  actually 
necessary;  0.01  per  cent  is  usually  ample. 

In  addition  to  their  practical  analytical  value,  the  data  in 
Table  II  are  also  of  theoretical  interest  because  they  lead 
directly  to  values  for  the  diffusion  coefficients,  and  hence 
constitute  a  measure  of  the  apparent  sizes,  of  the  various 
ions.  The  diffusion  current  constants  of  cadmium,  zinc,  and 
copper  are  largest  in  ammoniacal  medium,  from  which  it 
follows  that  the  ammino  complex  ions  of  these  metals  must 
be  smaller,  and  perhaps  also  less  subject  to  the  restraining 
effects  of  interionic  attraction,  than  the  complexes  present 
in  the  other  media.  The  values  for  lead,  cadmium,  zinc,  and 
copper  in  1  A  hydrochloric  acid  are  only  slightly  larger  than 
in  0.1  N  potassium  chloride,  and  the  difference  is  of  the  same 
order  of  magnitude  in  each  case. 


Figure  11.  Polarograms  of  4.71  Millimolar  Copper 


In  (a)  1  N  hydrochloric  acid,  (i>)  1  N  nitric  acid,  and  (c)  1  N  sulfuric  acid,  in  the  presence 

of  0.01%  gelatin 
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In  all  cases,  except  that  of  copper,  the  diffusion  current 
constants  in  the  three  mineral  acids  and  in  sodium  hydroxide 
decrease  in  the  order  hydrochloric  acid  >  nitric  acid  >  sulfuric 
acid  >  sodium  hydroxide,  which  indicates  that  the  chloro 
complexes  in  hydrochloric  acid  are  smaller  than  the  aquo  com¬ 
plexes  that  predominate  in  nitric  and  sulfuric  acids,  and 
that  these  in  turn  are  smaller  than  the  hydroxo  complex 
ions  present  in  sodium  hydroxide  solution. 

The  values  in  the  tartrate  media  are  smaller  than  in  the 
other  media,  which  is  to  be  expected  in  view  of  the  relatively 
large  size  of  a  tartrate  complex  ion.  Furthermore,  the  dif¬ 
fusion  current  constants  correspond  to  practically  identical 
values  for  the  diffusion  coefficients  of  the  tartrate  complexes 
of  the  various  metals.  This  leveling  effect  is  doubtless  due 
to  the  fact  that  the  coordinating  tartrate  ions  are  so  large 
compared  to  the  size  of  the  central  metal  ion,  that  differences 
in  the  size  of  the  central  ion,  and  even  in  the  type  and  orienta¬ 
tion  of  the  bonds,  have  only  a  slight  influence  on  the  ef¬ 
fective  sizes  of  the  different  complexes. 
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An  Apparatus  for  Quantitative  Catalytic 

Hydrogenation 

LLOYD  M.  JOSHEL,  Hyattsville,  Md. 


THE  apparatus  for  catalytic  hydrogenation  recently  de¬ 
scribed  by  Noller  and  Barusch  ( 8 )  is  very  useful  when  not 
more  than  50  ml.  of  hydrogen  are  to  be  absorbed;  however, 
it  is  not  suitable  for  the  many  occasions  when  it  is  necessary 
to  meter  with  some  degree  of  accuracy  as  much  as  several 
hundred  milliliters  of  hydrogen.  The  apparatus  pictured 
(Figure  1)  fills  the  entire  gap  between  a  strictly  micro  appa¬ 
ratus  and  the  standard  Adams  (Burgess-Parr)  machine. 

This  apparatus  is  a  combination,  with  certain  modifications, 
of  features  previously  reported.  The  buret  system  is  similar  to 
that  described  by  Fieser  and  Hershberg  (2)  and  the  reaction  flask 
together  with  the  stirring  device  is  a  slight  modification  of  the 
one  used  by  Noller  and  Barusch  (3).  The  50-ml.  buret  is  for 
small-scale  work  and  the  500-ml.  buret  is  used  for  larger  runs. 
If  more  than  500  ml.  of  hydrogen  are  to  be  absorbed,  the  stirring 
is  slackened  or  momentarily  stopped  while  the  buret  is  quickly 
refilled  with  hydrogen.  All  the  stopcocks  are  the  oblique-bore 
high-pressure  type  manufactured  by  Eck  and  Krebs,  New  York, 
N.  Y.,  who  fabricated  the  glass  parts  of  this  apparatus.  For 
those  who  wish  to  construct  their  own  apparatus,  attention  is 
called  to  the  pressure  stopcock  recently  described  by  Connelly 
(I).  A  somewhat  less  elegant,  although  reasonably  satisfactory, 
method  is  to  use  rubber  bands  to  keep  the  stopcocks  seated 
firmly.  Ordinary  stopcocks  with  none  of  these  precautions  will 
leak  hydrogen,  especially  if  extra  internal  pressure  is  applied 
during  the  hydrogenation  as  described  below. 

Flasks  of  the  three  sizes  indicated  afford  flexibility  in  the 
volume  of  liquid  that  can  be  used,  and  small  coil  springs  keep 
the  greased  ground-glass  joint  tightly  sealed.  This  joint  is 
reversed  to  minimize  the  danger  of  contamination  of  the 
flask  contents  with  grease.  A  critical  dimension  is  the  height 
of  the  apparatus,  which  should  not  be  less  than  1  meter,  in 
order  that  the  system  may  be  subjected  to  either  a  vacuum 
or  the  pressure  of  an  extra  atmosphere  without  forcing 
mercury  out  of  the  manometer. 


Some  experimenters  will  prefer  using  water  or  the  solvent  being 
employed  in  the  hydrogenation  as  the  displacing  fluid  instead  of 
mercury,  especially  in  view  of  the  current  limited  availability  of 
mercury.  Increased  accuracy  can  probably  be  obtained  if  the 
amount  of  dead  space  is  reduced  by  using  capillary  tubing  of 
about  3-mm.  bore  in  place  of  the  10-mm.  outside  diameter  stand¬ 
ard  tubing  indicated  for  the  manometer  and  connections.  Unless 
care  is  exercised,  the  stirring  may  become  vigorous  enough  to 
drive  the  stirrer  through  the  wall  of  the  flask,  but  encasing  the 
iron  core  in  a  material  such  as  Saran,  instead  of  glass,  may  be  at 
least  a  partial  solution  of  this  difficulty. 

The  air  can  be  displaced  from  the  apparatus  by  opening 
the  flask  stopcock  and  sweeping  with  hydrogen;  however, 
unless  care  has  been  taken  to  trap  hydrogen  in  the  buret  by 
closing  the  buret  stopcock  at  the  end  of  the  previous  hydro¬ 
genation,  mere  sweeping  may  leave  a  pocket  of  air  in  the 
buret.  It  is  prudent,  therefore,  to  open  the  buret  stopcock, 
raise  the  mercury  to  a  point  near  the  top  of  the  buret,  close 
the  screw  clamp,  and,  with  the  flask  stopcock  closed,  suc¬ 
cessively  evacuate  and  flood  the  system  with  hydrogen  three 
or  four  times  by  manipulating  the  three-way  stopcock. 
Any  addition  of  catalyst  or  compound  after  the  system  has 
been  filled  with  hydrogen  is  made  by  washing  the  material 
through  the  cup  into  the  flask  with  a  little  solvent  after  the 
internal  pressure  has  been  reduced  by  lowering  the  mercury  in 
the  buret.  A  small  amount  of  solvent  is  allowed  to  remain  in 
the  cup,  so  that  air  is  not  admitted  to  the  system.  The 
sequence  of  addition  of  catalyst  and  reagents  can  be  left  to 
the  discretion  of  the  investigator;  in  many  cases  it  is  con¬ 
venient  to  have  the  sample  in  the  flask  before  attaching  it  to 
the  buret  system,  but  where  a  highly  volatile  substance  is  to 
be  hydrogenated,  it  is  preferable  to  introduce  it  through  the 
cup  after  the  sweeping  or  evacuation  procedure  has  been 
completed.  The  catalyst  can  be  reduced  in  the  presence  of 
the  sample  or  the  catalyst  can  be  reduced  first,  a  reading 
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,aken,  and  then  the  compound  added  through  the  cup.  The 
ormer  procedure  provides  a  somewhat  more  active  catalyst, 
vhereas  the  latter  has  the  advantage  of  eliminating  the  neces¬ 
sity  of  making  a  blank  run  to  determine  the  amount  of 
lydrogen  absorbed  by  the  catalyst.  _ 

Before  the  initial  volumetric  reading  is  taken,  the  height 
)f  the  mercury  in  the  buret  is  adjusted  so  that  the  pressure 
nside  the  system  is  equal  to  the  atmospheric  pressure,  as 
widenced  by  the  same  mercury  level  in  both  arms  of  the 


manometer.  A  facile  way  of  doing  this  is  to  raise  the  level  of 
the  mercury  in  the  buret  until  the  internal  pressure  slightly 
exceeds  the  atmospheric  pressure  and  then  vent  the  excess 
hydrogen  to  the  atmosphere  by  momentarily  opening  the 
three-way  stopcock.  During  the  deduction,  up  to  about  one 
atmosphere  pressure  can  be  applied  by  raising  the  mercury 
level  in  the  buret  and  closing  the  screw  clamp,  remembering 
that  the  internal  pressure  must  be  equalized  with  the  atmos¬ 
pheric  pressure  before  reading  the  volume. 

I  The  apparatus  lends  itself  very  easily  to  correction  for 
changes  in  barometric  pressure  during  the  experiment,  since 
with  the  aid  of  the  manometer  and  leveling  bulb  a  measured 

i  differential  between  the  internal  and  atmospheric  pressures 
can  be  created  at  will  before  making  the  final  volumetric 
reading.  For  example,  if  the  barometric  pressure  increases 
I  5  mm.  during  the  experiment,  the  mercury  in  the  buret  is 
I  adjusted  so  that  the  level  in  the  right  (open)  arm  of  the 
i  manometer  is  5  mm.  below  the  level  in  the  left  (closed)  arm 


before  the  volume  is  read.  The  absolute  pressure  in  the  sys¬ 
tem  will  then  be  the  same  as  at  the  beginning  of  the  experi¬ 
ment. 

It  is  desirable  to  operate  in  a  constant-temperature  room 
but,  in  the  absence  of  such  a  room,  temperature  changes 
during  the  experiment  also  can  be  compensated  for  by 
proper  adjustment  of  the  internal  pressure  in  relation  to 
the  atmospheric  pressure.  If  the  temperature  increases 
during  the  experiment,  the  mercury  in  the  buret  should  be 
adjusted  so  that  the  internal  pressure 
is  greater  than  the  atmospheric  pres¬ 
sure  before  making  the  final  volu¬ 
metric  reading;  and,  vice  versa,  if  the 
temperature  decreases,  the  internal 
pressure  should  be  adjusted  so  that 
it  is  less  than  the  atmospheric  pres¬ 
sure.  Calculation  shows  that  for  this 
purpose  a  pressure  differential  of  about 
2.5  mm.  of  mercury  corresponds  to  a 
change  of  1°  C.  If  both  the  pres¬ 
sure  and  temperature  change,  the 
algebraic  sum  of  both  corrections  is 
used  in  adjusting  the  manometer  levels: 

AP  =  Pi-  Pf  +  (Tf  -  Tt)  Pi/Ti 

where  AP  is  the  increment  which  the 
internal  pressure  should  be  adjusted 
in  excess  of  the  atmospheric  pressure 
at  the  end  of  the  experiment— i.  e., 
the  number  of  millimeters  the  mercury 
level  in  the  open  arm  of  the  manom¬ 
eter  must  be  set  above  the  level  in 
the  closed  arm.  Pi  is  the  initial 
barometric  pressure  minus  the  vapor 
pressure  of  the  solvent  at  the  initial 
absolute  temperature,  Tt;  Pf  and  Tt 
are  the  corresponding  net  pressure 
and  temperature  at  the  end  of  the 
experiment.  Since  these  are  all 
known,  AP  is  easily  calculated.  In 
this  way  the  final  volume  corrected 
to  the  initial  temperature  and  pres¬ 
sure  is  read  directly.  The  net  volume 
of  hydrogen  absorbed  is  then  corrected 
to  standard  conditions  in  the  usual 
manner. 

Although  no  rigorous  comparison 
has  been  made  with  the  rate  of  hy¬ 
drogenation  obtained  when  using  a 
shaking  device,  it  can  be  shown  that  magnetic  stirring  affords 
reasonably  rapid  reduction.  For  example,  reduction  of  1.5 
grams  of  nitrobenzene  in  ethanol  solution  was  complete 
(900  ml.  of  hydrogen)  in  1.25  hours  although  the  Adams 
catalyst  used  (25  mg.)  was  over  two  years  old. 
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Photoelectric  Photometer  for  Determining 
Carbon  Disulfide  in  the  Atmosphere 


SHIRLEIGH  SILVERMAN1,  Rayon  Department,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Buffalo,  N.  Y. 


A  photoelectric  photometric 
method  has  been  developed 
for  measuring  carbon  disul¬ 
fide  in  the  atmosphere.  The 
range  of  concentrations 
covered  is  2  to  200  p.  p.  m, 
by  volume.  Time  required 
for  an  individual  determina¬ 
tion  is  1  minute  or  less,  and 
the  accuracy  is  1  p.  p.  m. 
The  apparatus  may  be  run 
continuously  with  a  resolving 
power  of  5  to  10  seconds, 
and  an  accuracy  of  4  p.  p.  m. 


Figure  1.  Photoelectric  Photometer 


rpHE  problem  of  developing  quick  accurate  methods  for 
J.  determining  concentrations  of  toxic  vapors  has  been 
receiving  increased  attention  the  past  few  years.  Good 
analytical  methods  exist,  generally  based  on  colorimetry, 
for  many  vapors  including  carbon  disulfide.  Although  these 
methods  are  usually  very  accurate,  the  large  volume  of  air 
required  for  the  sample  precludes  obtaining  anything  but 
an  average  concentration  taken  over  a  time  interval  that  may 
run  as  high  as  15  minutes  or  more. 

Some  of  the  methods  of  “grab”  sampling  for  carbon  disulfide 
have  been  developed  to  a  degree  which  enables  them  to  be 
used  in  continuous  recording  procedures  (8,  4,  5).  These 
methods  have  all  depended  upon  some  secondary  phenom¬ 
enon,  such  as  color  produced  by  carbon  disulfide  vapor  in 
solutions  of  copper  ace¬ 
tate  and  diethylamine  in 
methyl  Cellosolve ;  the 
conductivity  produced  in 
an  aqueous  solution  of 
sulfur  dioxide  formed  by 
burning  carbon  disulfide 
or  the  turbidity  of  a  fog 
produced  by  first  oxidizing 
the  carbon  disulfide  to 
sulfur  dioxide,  and  further 
oxidizing  the  sulfur  dioxide 
to  fog-producing  sulfur  tri¬ 
oxide.  The  color  produced 


by  the  first  reaction,  the  conductivity  produced  by  the  second, 
and  the  fog  produced  by  the  third  all  permit  the  use  of  ac¬ 
curate  recording  by  electric  or  photoelectric  devices.  The 
accuracy  remains  high,  but  appreciable  lag  still  exists  between 
time  of  sampling  and  actual  registry  of  contamination. 

Obviously,  a  desirable  method  of  recording  is  one  which 
depends  upon  some  primary  property  of  carbon  disulfide; 
in  particular,  some  property  which  permits  an  almost  in¬ 
stantaneous  quantitative  measurement  on  some  form  of  meter. 
Such  a  method  has  been  developed  for  other  organic  vapors. 
The  apparatus  consists  of  a  simple,  sensitive,  and  rapid 
ultraviolet  photometer  which  was  designed  by  V.  F.  Hanson, 
Electrochemicals  Division,  du— Pont  Co.  (2).  The  present 
paper  deals  with  the  development  of  a  very  similar  photom- 
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Figure  2.  Diagram  of  Apparatus 
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Figure  3.  Lamp  End  of  Absorption  System 


Figure  4.  Electrical  Hookup 

Ri,  R>,  Rs.  1.0  megohm  Ru  15  megohms 

R2.  0.5  megohm  Rs.  50  megohms 

Ri.  2000  megohms 
Rg.  250  megohms 

ter,  adapted  to  the  specific  problem  of  detecting  carbon 
isulfide. 

Optical  Basis  of  the  Instrument 

,i  Carbon  disulfide  has  an  intense  absorption  in  the  region  of  3100 
.  Accordingly,  an  absorption  tube  was  set  in  front  of  a  mono- 
iromator,  and  with  a  mercury  arc  for  a  light  source  the  absorp- 
'on  coefficient  for  carbon  disulfide  at  the  mercury  line  3132  was 
determined .  It  was  found  that  a  column  of  carbon  disulfide 
lapor  1  cm.  thick  at  1  per  cent  concentration  absorbed  5  per  cent, 
ssuming  Beer’s  law  to  hold,  this  indicates  that  an  optical  path 

S3  cm.  long  would  be  required  for  a  concentration  of  1  p.  p.  m.  to 
reduce  an  absorption  of  0.02  per  cent.  The  figure  of  0.02  per 
;nt  was  selected  because  it  is  the  smallest  change  in  light  in- 
•nsity  that  can  be  detected  accurately  with  the  present  amplifier. 

The  absorption  of  carbon  disulfide  in  this  region  is  a  matter 
f  very  good  fortune,  for  none  of  the  ordinary  constituents 
f  the  atmosphere  absorbs  in  this  region — for  example,  Han- 
in’s  work  on  organic  solvents  showed  extremely  weak  ab- 
irption  at  3130  A.,  although  these  materials  absorbed  very 
;rongly  at  2536  A.  [Ozone  absorbs  strongly  enough  at  3130  A. 
j  be  measurable,  as  shown  by  Dobson  ( 1 ) ;  but  it  can  be  dis¬ 
carded  as  a  possible  contaminant  in  ordinary  processes 
hich  involve  carbon  disulfide.]  Furthermore,  none  of  the 
ther  contaminating  vapors  from  the  viscose  process,  such  as 
ydrogen  sulfide,  absorbs  in  this  spectral  region.  Theoreti¬ 


cally,  then,  to  determine  the  amount  of  carbon  disulfide  in 
the  air,  it  is  only  necessary  to  set  up  an  absorption  tube  some 
80  cm.  long,  isolate  the  3132  mercury  line,  and  set  up  an 
amplifier  capable  of  detecting  sufficiently  small  changes  in 
current. 

Instrument  Design 

The  instrument  minus  power  supply  is  shown  in  Figure  1. 
The  entire  unit  is  mounted  on  a  pneumatic-tired  truck  to  permit 
easy  transportation  to  the  desired  areas. 

The  apparatus  is  shown  schematically  in  Figure  2.  The  light 
source  is  a  G.  E.  AH-4  mercury  lamp  with ’glass  envelope  re¬ 
moved.  Radiation  from  the  lamp  is  rendered  roughly  parallel 
by  condensing  lenses  of  quartz,  and  reflected  down  the  absorption 
tubes  by  totally  reflecting  prisms  of  quartz. 

The  lamp  end  of  the  absorption  system  is  shown  in  Figure  3. 
The  light  is  received  by  a  pair  of  matched  G.  E.  FJ-405  sodium 
photocells.  The  ends  of  the  absorption  tubes  are  closed  with 
windows  of  Corex  D  glass.  This  glass  in  combination  with  the 
sodium  cells  gives  a  system  with  about  60  per  cent  of  its  response 
due  to  3132,  30  per  cent  due  to  3650,  10  per  cent  due  to  miscel¬ 
laneous  background,  and  0  per  cent  due  to  2536.  No  absorption 
has  ever  been  found  at  3650  for  any  samples  of  air  drawn  from 
various  parts  of  the  plant  areas;  accordingly  the  radiation  of  this 
line  assumes  the  character  of  a  constant  background,  divided 
equally  between  the  two  cells. 

The  electrical  hookup  is  shown  in 
Figure  4,  and  is  very  similar  to  the 
amplifier  used  by  Hanson  (2).  The 
bias  circuit  is  employed  to  establish 
a  fiduciary  zero  in  the  plate  circuit. 
Rough  zero  setting  is  obtained  by  the 
potentiometer,  and  accurate  balance 
is  obtained  by  the  motion  of  the  mi¬ 
crometer  screws;  these  latter  are  ac¬ 
curately  centered  with  0.6-cm.  (0.25- 
inch)  extension  rods  which  travel  ver¬ 
tically  across  the  faces  of  the  photo¬ 
cells.  A  vertical  motion  of  0.025  mm. 
(0.001  inch)  of  either  of  the  rods 
produces  a  change  in  light  intensity 
of  approximately  0.05  per  cent.  Mi¬ 
crometer  2  is  equipped  with  a  vernier 
dial  to  be  used  in  calibrating  absorp¬ 
tion  vs.  concentration. 

In  addition  to  optical  symmetry, 
current  and  voltage  regulation  is  neces¬ 
sary  to  obtain  the  needed  photo¬ 
metric  accuracy.  The  constant-current 
constant-voltage  circuit  is  shown  in 
Figure  5.  The  voltage  is  held  con¬ 
stant  by  a  Sola  110-volt  125-watt 
voltage-regulating  transformer.  The 
output  of  this  transformer  is  fed  into  a  resonance  network  whose 
characteristics  were  determined  by  trial  and  error  after  a  pre¬ 
liminary  rough  estimate  of  the  impedances.  The  present  setup 
holds  the  current  in  the  AH-4  lamp  at  about  0.25  ampere ;  the  lamp 
operates  very  steadily,  and  may  be  expected  to  have  a  satisfactory 
life  of  some  hundreds  of  hours  before  any  unsteadiness  sets  in. 

Operation  of  the  Analyzer 

The  apparatus  is  first  adjusted  by  setting  switch  B  to  the  bias¬ 
ing  position,  and  adjusting  the  bias  rheostat,  S,  for  a  suitable 


Figure  5.  Constant-Current  Constant-Voltage  Circuit 

C.  3.5  mfd. 

L.  2  henries,  0.5  ampere 

R.  1000  ohms,  100  watts 

S.  G.  E.  H-4  mercury  lamp,  envelope  removed 
Ti.  110-volt,  125-watt  Sola  voltage  regulator 
Ti.  G.  E.  H-4  lamp  transformer 
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Figure  6.  Typical  Calibration  Curve 


plate  current  reading.  B  is  then  set  to  throw  the  photocells  in 
the  circuit;  with  the  balancing  rheostat,  W,  set  near  the  middle 
and  with  the  two  micrometer  screws  set  to  give  shadows  about 
0.9  cm.  (0.375  inch)  long  on  the  cell  windows,  the  lamp  is  adjusted 
to  give  about  the  same  plate  current  reading  as  the  bias.  Final 
adjustment  to  this  fiduciary  zero  is  made  with  micrometer  1  and 
the  potentiometer. 

The  air  sample  is  introduced  into  the  apparatus  by  means  of  a 
positive  pressure  pump.  The  outlet  of  the  pump  leads  the  air  to 
the  following  train:  (1)  a  can  containing  raw  cotton  to  remove 
traces  of  pump  oil,  (2)  a  moisture  trap  containing  magnesium  per¬ 
chlorate  or  anhydrous  calcium  sulfate,  and  (3)  an  Alfrax  porous 
filter  for  removing  dust  particles.  This  purification  train  absorbs 
no  carbon  disulfide,  and  has  proved  satisfactory  over  several 
months’  use. 

A  4-way  stopcock  arrangement  is  provided  for  passing  the 
sample  through  one  absorption  tube,  and  then  through  a  bed  of 
activated  charcoal  to  the  second  tube.  In  this  way  the  instru¬ 
ment  always  compares  transmission  through  a  contaminated 
column  with  transmission  through  an  uncontaminated  column, 


and  very  minute  deviations  from 
electrical  balance  can  be  detected. 
As  the  microammeter  in  the  plate 
circuit  deflects  from  the  fiduciary 
zero,  it  is  brought  back  by  moving 
micrometer  2. 

The  time  of  reading,  together 
with  the  time  required  to  flush 
a  new  sample  through  the  ab¬ 
sorption  train,  is  about  20 
seconds.  The  accuracy  is 
2  p.  p.  m.,  taking  the  colorimet¬ 
ric  method  (S)  as  standard. 
The  accuracy  may  be  improved 
to  1  p.  p.  m.  by  using  the  re¬ 
versing  mechanism  provided  by 
the  4-way  stopcock,  which  re¬ 
quires  two  readings  for  each 
determination.  Figure  6  shows  a 
typical  calibration  curve. 

For  purposes  of  reading 
rapidly  changing  concentrations, 
the  deflection  of  the  microammeter  itself  may  be  calibrated, 
with  the  micrometer  screws  being  left  untouched  throughout 
the  run.  The  microammeter  deflection  is  linear  with  carbon 
disulfide  concentration  up  to  more  than  50  p.  p.  m.,  and  the 
accuracy  is  4  p.  p.  m. 

The  time  variation  in  the  carbon  disulfide  concentration  at 
a  fixed  station  in  a  purposely  poorly  ventilated  mixing  room 
is  shown  in  Figure  7.  The  pump  was  run  continuously,  and 
readings  were  noted  at  intervals  of  10  seconds.  The  general 
level  at  this  station  is  shown  at  the  beginning  of  the  cycle 
and  is  around  5  p .  p .  m.  During  the  run  instantaneous  readings 
as  high  as  50  p.  p.  m.  were  noted;  the  mean  was  estimated  to 
be  about  16  p.  p.  m.  A  simultaneous  check  by  the  colori¬ 
metric  chemical  method  gives  values  ranging  from  14  to 
18  p.  p.  m.  Similar  checks  run  at  a  number  of  locations  show 


Figure  7.  Chart  of  Improperly  Ventilated  Baratte 
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that  on  the  average  the  discrepancy  between  the  two  methods 
joes  not  exceed  15  per  cent  for  integrated  runs. 

| 
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Yolk  Nomograph  for  Mayonnaise  and 

Salad  Dressing 

D.  S.  DAVIS 

Wyandotte  Chemicals  Corporation,  Wyandotte,  Mich. 


IN  CONNECTION  with  the 
determination  of  commer- 
cial  egg  yolk  in  mayonnaise  and 
salad  dressing,  Cahn  and 
Epstein  (2)  presented  the  equa¬ 
tion 


2899P  -  69  A 
9  —  12.2 

where 

Y  =  per  cent  of  commercial  yolk 
P  =  per  cent  phosphorus  pent- 
oxide 

N  =  per  cent  nitrogen 
g  =  per  cent  solids  content  of 
yolk 

This  equation,  consistent  with 
those  of  the  Association  of 
Official  Agricultural  Chemists  ( 1 ) 
and  based  on  the  analytical  data 
of  Mitchell  (3),  can  be  solved 
conveniently  and  accurately  by 
means  of  the  accompanying 
nomograph.  The  use  of  the 
chart  is  illustrated  as  follows: 

What  is  the  percentage  of  com¬ 
mercial  egg  yolk,  containing  43 
per  cent  solids,  in  mayonnaise 
which  tests  0.08  per  cent  phos¬ 
phorus  pentoxide  and  0.11  per 
cent  nitrogen?  Following  the 
key,  connect  0.08  on  the  P  scale 
with  0.11  on  the  N  scale  and 
note  the  intersection  with  the 
a  axis.  Connect  this  point  with 
43  on  the  g  scale  and  read  the 
percentage  of  egg  yolk  on  the  Y 
scale  as  7.3. 
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Improved  Steam-Distillation  Apparatus 

C.  V.  BOWEN  AND  W.  F.  BARTHEL 

Bureau  of  Entomology  and  Plant  Quarantine,  United  States  Department  of  Agriculture,  Beltsville,  Md. 


THE  determination  of  nicotine  by  the  conventional 
steam-distillation  method  ( 1 )  has  long  been  known  to 
have  several  decided  disadvantages.  The  apparatus  is 
bulky.  Because  bumping  and  foaming  occur,  considerable 
attention  is  required  during  distillation.  Since  a  large 
volume  of  distillate  must  be  collected,  the  time  for  distilla¬ 
tion  is  rather  long. 


i 


: r. 


Kirk  (#)  has  modified  the  Pozzi-Escot  ( 3 )  apparatus  in  the 
construction  of  micro-Kjeldahl  distillation  apparatus.  An 
adaptation  (Figure  1)  of  this  type  of  still  has  proved  ex¬ 
ceedingly  satisfactory  for  the  steam  distillation  of  steam- 
volatile  alkaloids  on  the  macro  scale.  This  modification  re¬ 
quires  the  use  of  a  separate  steam  generator. 

The  sample  is  placed  in  the  inner  chamber,  A,  paraffin  and 
alkali  are  added,  and  the  trap  and  condenser  are  connected  at 
the  glass  joint,  B,  which  is  lubricated  to  prevent  freezing.  The 
initial  volume  of  the  sample  and  alkali  should  be  as  small  as 
practical,  preferably  less  than  25  ml.  for  an  inner  chamber  with  a 
total  volume  of  150  ml.  Steam  is  driven  in  through  C  and  passes 
into  the  inner  chamber  through  D.  The  drain,  E,  is  closed  by 
rubber  tubing  and  a  pinchcock,  and  the  distillate  is  collected  at 
F.  Where  paraffin  is  added  to  prevent  frothing,  some  will  be 
carried  over  into  the  distillate;  but  in  the  case  of  alkaloids 
precipitated  as  silicotungstates  and  filtered  through  tared  Gooch 
type  crucibles  this  offers  no  objection. 


This  still  has  many  advantages  over  the  conventional  ap 
paratus.  The  compact  construction  allows  for  setting  uj 
batteries  where  large  numbers  of  determinations  are  to  b 
made.  The  heating  of  the  distillation  chamber  by  the  stean 
in  the  outer  jacket,  together  with  the  entrance  of  steam  a 
the  bottom  of  the  inner  chamber,  eliminates  the  possibilit; 
of  bumping.  The  apparatus  is  easily  cleaned  by  drawing  th 
spent  sample  into  the  steam  jacket,  rinsing  well,  and  allowin; 
the  jacket  to  drain.  The  narrow  inner  chamber  increase 
the  length  of  liquid-vapor  contact,  thereby  hastening  th 
distillation.  The  ground-glass  joint  at  the  top  of  the  dis 
tillation  chamber  affords  a  means  for  introducing  the  sample 
alkali,  etc.,  aids  in  cleaning,  and  makes  the  apparatus  les 
rigid,  thereby  diminishing  the  danger  of  breakage.  It  i 
possible  to  take  much  smaller  samples  than  are  ordinaril; 
used  for  analysis. 

The  volume  of  the  distillate  is  dependent  on  the  size  c 
the  sample  used:  25  mg.  of  nicotine  distilled  quantitative! 
in  100  ml.  of  distillate  and  50  mg.  in  150  ml.  The  accurac; 
of  the  results  obtained  with  the  apparatus  is  shown  in  Table  J 
A  nicotine  solution  was  steam-distilled  and  titrated  with 
standard  acid  and  compared  writh  a  direct  titration  of  anothe 
portion  of  the  same  size. 

The  efficiency  of  the  still  depends  on  the  time  durin 
which  the  liquid  and  steam  are  in  contact.  The  inner  cham 
ber  is  heated  by  the  steam  held  by  the  outer  jacket,  whil 
at  the  same  time  the  liquid-steam  contact  is  much  longe 
than  in  the  conventional  steam-distillation  outfit.  Thes 
two  conditions  much  more  than  compensate  for  the  absenc 
of  flame  heating  as  in  the  usual  apparatus.  The  efficienc; 
is  such  that  the  nicotine  may  be  distilled  completely  fror ' 
a  2-gram  sample  of  tobacco  in  0.5  hour. 

This  apparatus  has  also  been  used  satisfactorily  for  th 
determination  of  nornicotine  and  anabasine,  both  of  whic’ 
are  much  less  volatile  with  steam  than  nicotine.  The  di 
mensions  given  were  optimum  for  the  distillation  of  tobacc 
samples.  Modifications,  such  as  using  a  larger  condense: 
increasing  the  length  or  the  diameter  of  the  inner  chambei 
or  changing  the  type  of  trap,  may  be  desirable  for  some  ap 
plications. 


Table  I.  Comparison  of  Steam  Distillation  with  Direc 

Titration 


(Using  0.02  N  hydrochloric  acid  against  nicotine) 

10  Ml.  of  Solution  5  Ml.  of  Solution 


Direct  titration 

Titration  of 
distillate 

Direct  titration 

Titration  of 
distillate 

Ml. 

Ml. 

Ml. 

Ml. 

7.58 

7.57 

3.77 

3.78 

7.57 

7.56 

3.78 

3.80 

7.57 

7.57 

3.78 

3.80 

7.58 

7.58 

3.76 

•  .  . 

Av.  7.575 

7.57 

3.773 

3.793 
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Determination  of  Mercury  in  Rubber 

C.  L.  LUKE 

Bell  Telephone  Laboratories,  Inc.,  New  York,  N.  Y. 

Iodine  may  be  separated  from  mixtures  of  conditions.  The  method  has  been  applied 

mercury  and  iodine,  previous  to  determina-  successfully  to  determination  of  small 

tion  of  mercury  by  the  Volhard  method,  by  amounts  of  mercury  in  rubber  samples 

boiling  with  nitric  acid  under  controlled  containing  iodine. 


'T  HAS  recently  been  necessary  to  determine  small  amounts 
of  mercury  (0.1  to  5.0  per  cent)  in  natural  and  synthetic 
lbber  compounds  containing  iodine.  A  survey  of  the 
terature  showed  that  the  method  most  often  used  for  the 
etermination  of  mercury  in  organic  compounds  containing 
idine  involves  complete  oxidation  of  the  carbonaceous 
laterial  by  digestion  with  acid,  followed  by  separation  of 
le  mercury  from  the  iodine  by  reduction  of  the  former  to  the 
metallic  state  and  filtration  (1,  6).  In  searching  for  a  more 
mvenient  method  of  separation,  it  was  found  that  this  can 
e  accomplished  very  simply  by  boiling  with  nitric  acid  under 
mtrolled  conditions.  Free  iodine  is  expelled  with  but 
ttle  loss  of  mercury,  which  can  then  be  titrated  with  thio- 
yanate.  The  new  method  has  been  applied  successfully  to 
le  determination  of  mercury  in  rubber  samples  containing 
»dine  (see  Table  III). 

Apparatus 

The  apparatus  is  shown  in  Figure  1.  It  consists  of  a  125-ml. 
Irlenmeyer  flask  with  standard  taper  24/ 40  joint  connected  to  an 
ir  condenser  80  cm.  in  length  and  1  cm.  in  inside  diameter. 


Reagents 

Standard  Mercury  Nitrate  Solution.  Dissolve  approxi- 
rntely  0.5  gram  of  pure  mercury  in  10  ml.  of  nitric  acid  in  a  1- 
ter  volumetric  flask.  Add  25  ml.  of  water  and  cool  to  room 
jmperature.  Draw  off  most  of  the  brown  fumes  and  dilute  to 

he  mark  with  water.  .  ,  , 

Standard  Ammonium  Thiocyanate  Solution  (approximately 
.01  N).  Dissolve  approximately  1.8  grams  of  ammonium  tmo- 
'i,anate  in  water  and  dilute  to  2  liters.  To  standardize  this 
olution,  pipet  50  ml.  of  the  standard  mercury  solution  into  a 
25-mi  flask.  Add  3  ml.  of  sulfuric  acid,  5  ml.  of  nitric  acid,  and 
i.2  graia  of  potassium  sulfate.  Color  with  permanganate  and 
itrate  as  directed  in  the  ^-ocedure.  ...  , 

Ferric  Anw  indicator.  Dissolve  30  grams  of  ferric  alum 
FeNH,(S04)j.l2H20  ]  in  95  ml.  of  water  and  add  5  ml.  of  colorless 
litric  acid. 

Procedure 

Weigh  20  to  100  mg.  of  the  subdivided  rubber  sample  and 
dace  in  a  dry  125-ml.  Erlenmeyer  flask  with  standard  taper 
oint,  taking  care  not  to  allow  particles  of  the  sample  to  cling  to 
he  walls  or  neck  of  the  flask.  Add  about  0.3  gram  of  potassium 
lersulfate  (K2S208)  and  tap  the  flask  to  collect  the  rubber  parti- 
les  to  one  side  of  the  bottom  of  the  flask.  Add  2  ml.  of  fuming 
ulfuric  acid  and  cap  tightly  with  a  dry  80-cm.  air  condenser. 
If  the  rubber  sample  weighs  more  than  50  mg.  it  is  best  to  use 
).5  gram  of  potassium  persulfate  and  3  ml.  of  fuming  sulfuric 
icid.)  Clamp  the  neck  of  the  flask  to  a  ring  stand  and  tilt  the 
ia.sk  so  that  the  acid  covers  the  rubber  sample. 

Place  in  a  hood  and  play  a  small  flame  from  a  Tirrill  semi- 
nicroburner  on  the  flask  below  the  acid  mixture.  Heat  gently  to 
iecompose  the  sample,  taking  great  care  to  prevent  loss  of  iodides 
if  mercury.  It  is  necessary  to  keep  the  flame  low  during  the 
nitial  oxidation,  so  that  evolution  of  white  fumes  from  the  tip  of 
;he  condenser  is  not  too  vigorous.  As  the  oxidation  proceeds,  the 
lame  can  be  increased,  until  in  the  later  stages  the  acid  boils  and 
oumps.  Under  no  circumstances  must  the  top  half  of  the  air 
condenser  be  allowed  to  get  even  warm.  When  destruction  of 
the  organic  matter  is  complete,  remove  the  flame  and  allow  the 
flask  to  cool. 


Wash  down  the  walls  of  the  condenser  with  15  to  20  ml.  of 
nitric  acid  (1  to  1).  Detach  the  air  condenser  and  wash  the 
joint  with  water  from  a  wash  bottle.  If  the  sample  being 
analyzed  contains  less  than  5  mg.  of  mercury,  set  the  condenser 
aside.  Cover  the  flask  with  a  small  watch  glass,  heat  to  gentle 
boiling  on  a  hot  plate  (do  not  use  a  flame),  and  boil  until  all  the 
iodine  is  expelled — i.  e.,  until  the  solution  and  vapor  are  entirely 
free  of  color  due  to  iodine  and  no  insoluble  iodides  of  mercury  can 
be  seen  in  the  solution.  After  iodine  is  expelled,  evaporate 
(rapidly  if  desired)  to  about  10  ml.  (In  case  traces  of  organic 
matter  remain  in  the  solution,  evaporate  until  white  fumes  begin 
to  be  evolved  and  then  add  5  ml.  of  nitric  acid,  1  to  1.)  Cool  and 
reserve. 


A 


Figure  1.  Digestion  Apparatus 


If  the  sample  contains'more  than  5  mg.  of  mercury,  replace  the 
air  condenser  after  washing  the  joint  and  expel  the  iodine  as 
directed  above,  omitting  the  use  of  a  watch  glass.  If  some  iodine 
collects  in  the  condenser  joint  during  boiling,  cool  the  solution 
somewhat,  break  the  joint,  and  allow  the  iodine  to  escape.  ♦Re¬ 
place  the  condenser  and  continue  boiling.  Tj 

Wash  down  the  sides  of  the  flask  (or  flask  and  condenser)  with 
water  and  remove  the  condenser  if  used.  Dilute  to  30  to  50  ml. 
with  water  and  cool  to  room  temperature.  Add  potassium  per¬ 
manganate  (2  per  cent  solution)  dropwise  until  a  color  is  obtained 
which  persists.  Dispel  the  color  with  a  drop  or  two  of  3  per  cent 
hydrogen  peroxide.  Add  0.5  to  1.0  ml.  of  ferric  alum  indicator 
solution  and  titrate  carefully  with  0.01  AT  ammonium  thiocyanate 
solution  until  the  first  permanent  brownish  red  color ,is  ^obtained 
in  the  solution.  Provide  for  blank  correction: 

Ml.  of  NH.CNS’XTHg  factor  XTIOO  _  ^  mercu7 

Sample  weight  injgrams 
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Table  I.  Determination  of  Mercut'-  by  the  Volhard 

Method 


(After  expulsion  of  iodine  with  nitric  •*oid) 


No. 

HNOa  (1:1) 
Added 

Hg  Added 

Hg  Found 

Error 

Error 

Ml. 

Mg. 

Mg. 

Mg. 

% 

1“ 

10 

1.1 

1.1 

0.0 

2 

10 

3.7 

3.7 

0.0 

3 

10 

5.1 

5.1 

0.0 

4° 

20 

5.0 

5.1 

+0.1 

2.0 

5 

20 

5.6 

5.6 

i  0.0 

6 

20 

5.7 

5.6 

-0.1 

l'.8 

7 

20 

10.1 

9.8 

-0.3 

3.0 

8 

20 

12.8 

12.4 

-0.4 

3.1 

9 

50 

11.7 

11.3 

-0.4 

3.4 

10 

50 

19.2 

18.8 

-0.4 

2.1 

11 

50 

70.0 

69.0 

-1.0 

1.4 

12 

25 

100.0 

98.0 

-2.0 

2.0 

13 

60 

93.7 

91.0 

-2.7 

2.9 

a  200  mg.  of  K2SO4  added  with  Hgls. 

Discussion 

Rubber  samples  containing  mercury  and  iodine  cannot  be 
completely  oxidized  by  treatment  with  sulfuric  acid  and  30 
per  cent  hydrogen  peroxide  or  by  other  mild  methods  of  oxi¬ 
dation.  After  testing  various  methods  it  was  found  that  the 
oxidation  is  best  accomplished  by  the  Kjeldahl  method  of 
Sloviter,  McNabb,  and  Wagner  (5).  In  view  of  the  vola¬ 
tility  of  iodides  of  mercury  and  the  ease  with  which  they  are 
mechanically  carried  out  of  the  condenser  by  the  escaping 
fumes  of  sulfur  dioxide,  the  rate  of  digestion  must  necessarily 
be  slow.  Because  of  this,  and  in  view  of  the  fact  that  rubber 
samples  containing  mercury  and  iodine  are  difficult  to  oxi¬ 
dize,  it  is  best  to  limit  the  sample  size  to  100  mg.  or  less. 
Oxidation  of  certain  synthetic  rubber  samples  such  as  Buna  S 
and  Butyl  rubber  may  take  several  hours,  even  when  the 
sample  size  is  small.  Attempts  to  decrease  the  time  of  oxi¬ 
dation  by  the  use  of  selenium  as  a  catalyst  or  by  employing 
the  Parr  bomb  were  not  successful,  as  low  results  were 
obtained. 

With  the  conditions  recommended  in  the  procedure,  some 
loss  of  mercury  occurs  during  the  expulsion  of  the  iodine  if 
the  amount  of  mercury  present  is  greater  than  about  5  mg. 
The  loss  may  amount  to  as  much  as  2  or  3  per  cent  in  some 
cases,  but  for  many  purposes  this  accuracy  is  satisfactory 
(see  Tables  I  and  II). 

In  preliminary  work  30  per  cent  hydrogen  peroxide  was 
used  to  convert  the  iodide  to  free  iodine.  Very  low  results 
were  obtained,  however,  when  samples  containing  large 
amounts  of  mercury  and  iodine  were  analyzed.  This  prob¬ 
ably  resulted  from  the  comparatively  low  acidity  and  the  de¬ 
crease  in  oxidizing  strength  of  the  solution  as  it  is  boiled. 
Nitric  acid  was  found  to  be  superior  to  hydrogen  peroxide. 
The  optimum  concentration  of  the  acid  appeared  to  be 
about  1  to  1. 

According  to  Hillebrand  and  Lundell  (8)  loss  of  mercury 
by  volatilization  as  chloride  is  controlled,  to  a  large  extent, 
by  the  shape  of  the  vessel  and  the  concentration  of  the  mer¬ 
cury  in  the  solution.  The  same  appears  to  be  true  in  the 
present  case.  Thus,  Tables  I  and  II  indicate  that  the  loss  of 
mercury  increases  with  an  increase  in  the  amount  of  mercury 
present  and  is  reduced  appreciably  by  the  use  of  a  long  reflux 
tube. 

While  the  actual  loss  of  mercury  increases  with  an  increase 
in  the  amount  of  mercury  present,  the  percentage  loss  first 
increases  and  then  tends  to  decrease.  The  use  of  the  air  con¬ 
denser  appears  to  shift  upward  the  concentration  at  which 
maximum  per  cent  error  is  obtained.  Finally,  in  the  expul¬ 
sion  of  the  iodine,  the  more  vigorous  the  boiling,  the  greater 
the  tendency  for  loss  of  mercury. 

In  the  determination  of  mercury  in  readily  oxidizable 
organic  materials,  where  nitric  acid  can  be  used  as  the  oxi¬ 


dant,  it  may  be  possible  to  oxidize  the  sample  and  expel  the 
iodine  simultaneously.  It  is  also  probable  that  mercury  can 
be  separated  from  chloride  or  bromide  by  boiling  with  nitric 
acid. 

During  the  development  of  the  proposed  method  an  attempt 
was  made  to  determine  the  mercury  in  the  digestion  mixture  di¬ 
rectly  by  the  Rupp  method  (4)  without  removing  the  iodine. 
Preliminary  experiments  in  which  known  amounts  of  pure  mer¬ 
curic  iodide  were  analyzed  for  mercury  by  the  Rupp  method 
showed  that  low  results  were  obtained  when  the  amount  of  mer¬ 
cury  exceeded  about  2  mg.  In  agreement  with  Fitzgibbon  (2)  it 
was  found  that  the  addition  of  gelatin  was  beneficial.  By  adding 
2  ml.  of  1  per  cent  gelatin  solution  to  the  sample  before  reduction 
with  formaldehyde  correct  results  could  be  obtained  on  quantities 
of  mercury  up  to  5  mg.  With  larger  amounts  low  results  were 
obtained  and  a  black  precipitate  which  is  insoluble  in  standard 
iodine  solution  remained  in  the  bottom  of  the  flask. 

When  mixtures  of  rubber  and  weighed  quantities  of  mercuric 
iodide  (<  5  mg.  of  mercury)  were  carried  through  the  complete 
procedure  very  low  results  were  obtained.  The  cause  was  finally 
traced  to  the  presence  of  free  iodine  in  the  solution  previous  to 
reduction  of  the  mercury  with  formaldehyde.  This  iodine  was 
produced  in  the  following  manner:  After  complete  oxidation  of 
the  rubber  the  condenser  was  washed  down  with  10  ml.  of  5  per 
cent  potassium  iodide  solution;  bromine  water  was  added  drop- 
wise  to  oxidize  the  mercury  and  sulfur  dioxide;  when  a  slight 
permanent  precipitation  of  iodine  occurred  the  flask  was  stop¬ 
pered  and  shaken  to  oxidize  all  the  sulfur  dioxide;  and  after  5 
minutes  the  analysis  for  mercury  by  the  Rupp  method  was  made. 


Table  II.  Determination  of  Mercury  by  the  Volhard 

Method 


(After  expulsion  of  iodine  with  nitric  acid,  air  condenser  used) 


No. 

Hg  Added 

Hg  Found 

Error 

Error 

Mg. 

Mg. 

Mg. 

% 

1 

0.7 

0.7 

0.0 

2 

2.7 

2.7 

0.0 

3 

9.2 

9.1 

-0.1 

i.i 

4 

13.4 

13.3 

-0.1 

0.7 

5 

31.6 

30.9 

-0.7 

2.2 

6 

53.8 

52.7 

-1.1 

2.0 

7 

118.2 

116.6 

-1.6 

1.4 

Theoretically,  free  iodine  should  cause  no  trouble  in  the  reduc¬ 
tion  of  the  mercury  with  formaldehyde,  since  the  hypoiodite  is 
reduced  to  iodide.  Actually,  however,  when  iodine  is  present  the 
mercury  is  precipitated  in  a  form  that  does  not  dissolve  com¬ 
pletely  in  standard  iodine  solution.  Black  specks  of  undis 
solved  material  and  cloudy  solutions  are  encountered  and  the 
results  are  very  low. 

Attempts  to  improve  the  results  by  titration  of  the  free  iodine 
in  acid  solution  with  sulfite  or  thiosuIf&_-  'f-';led>  as  did  also  reduc¬ 
tion  of  the  iodine  with  hydrogen  peroxide  in  alkaline  solution. 
It  was  therefore  concluded  that  the  Rupp  method  could  not  be 
used  for  direct  analysis  of  the  mercury  in  the  digestion  mixtures. 


Table  III.  Determination  of  Mercury  in  Rubber- 
Mercuric  Iodide  Mixtures 


No. 

Hg  Added 

Mg. 

Hg  Found 

Mg. 

Error 

Mg. 

1 

0.1 

0.1 

0.0 

2 

0.5 

0.5 

0.0 

3 

0.7 

0.7 

0.0 

4 

1.9 

1.9 

0.0 

5s 

3.0 

3.0 

0.0 

61 

4.2 

4.2 

0.0 

7« 

4.6 

4.6 

0.0 

8 

6.2 

6.1 

-0.1 

9<i 

6.4 

6.2 

-0.2 

10  * 

0.5 

0.5 

0.0 

11' 

2.5 

2.5 

0.0 

12' 

5.6 

5.6 

0.0 

13' 

5.8 

5.7 

-0. 1 

°  25  tog.  of  KI  added  with  Hglj.  ,  _  __  , 

6  100  mg.  of  rubber,  0.5  gram  of  K2S2O8,  and  3  ml.  of  fuming  HjSO*  used. 
«  0.5  gram  of  KaSiO#  and  3  ml.  of  fuming  HiSOj  used. 
d  50  mg.  of  KI  added  with  Hglj. 

«  Mercury  determined  by  Rupp  method. 
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rhe  only  satisfactory  procedure  found  was  that  in  which  the 
odine  was  expelled  by  boiling  with  nitric  acid,  followed  by  com¬ 
plete  expulsion  of  all  nitrates,  and  finally,  addition  of  potassium 
odide,  and  analysis  by  the  Rupp  method  in  the  usual  way  em¬ 
ploying  gelatin.  This  method  has  been  shown  to  be  satisfactory 
'or  small  amounts  of  mercury  (see  Table  III),  but  because  of  its 
imited  applicability  and  its  complexity  it  does  not  compare  with 
;he  Volhard  method. 

Experimental 

Weighed  quantities  of  pure  mercuric  iodide  together  with  3 
ml.  of  sulfuric  acid  and  various  quantities  of  nitric  acid  (1  to  1) 
nrere  placed  in  125-ml.  Erlenmeyer  flasks.  The  iodine  was  then 
pxpelled  and  the  mercury  determined  by  the  Volhard  method  as 
directed  in  the  procedure,  . without  use  of  the  air  condenser.  Re- 
suits  are  recorded  in  Table  I.  . 

The  experiment  was  repeated  using  an  80-cm.  air  condenser. 
The  mercuric  iodide  was  treated  with  3  ml.  of  sulfuric  acid,  15  mu. 
of  nitric  acid  (1  to  1),  and  0.2  gram  of  potassium  sulfate.  The 

results  are  recorded  in  Table  II.  .....  ,  on.  or>  „ 

Weighed  quantities  of  pure  mercuric  iodide  and  20  to  30  mg.  ol 
a  mercury -free  gum  rubber  stock  were  placed  in  125-ml.  Erlen¬ 
meyer  flasks.  The  samples  were  then  treated  as  directed  m  the 
procedure,  using  0.3  gram  of  potassium  persulfate  and  2  ml.  of 
fuming  sulfuric  acid.  No  air  condenser  was  employed  m  the 
expulsion  of  the  iodine.  The  results  are  recorded  in  Table  111. 


Summary 

A  very  sim,  method  has  been  developed  for  the  separa¬ 
tion  of  iodine  iroiv,.mixtures  of  mercury  and  iodine  previous 
to  the  determ  nation  of  the  mercury  by  the  Volhard  method. 
The  method  has  been  successfully  applied  to  the  determina¬ 
tion  of  small  amounts  of  mercury  in  rubber  samples  contain¬ 
ing  iodine.  The  Rupp  method  has  been  investigated. 
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Benzoin  as  Fluorescent  Qualitative  Reagent 

for  Zinc 

CHARLES  E.  WHITE  AND  M.  H.  NEUSTADT 
University  of  Maryland,  College  Park,  Md. 


SEVERAL  reagents  which  give  fluorescent  compounds 
with  zinc  ions  have  been  recorded  in  the  literature. 
Lutz  ( 8 )  has  shown  that  urobilin  and  sterobilin,  products  of 
body  metabolism,  give  a  green  fluorescence  with  zinc.  How¬ 
ever,  cadmium,  calcium,  cobalt,  copper,  magnesium,  nickel, 
potassium,  and  sodium  give  a  similar  fluorescence.  The  zinc 
precipitate  with  8-hydroxyquinoline  gives  a  yellow  fluores¬ 
cence  but  identical  results  can  be  obtained  with  other  ele¬ 
ments  that  precipitate  with  this  reagent.  The  dyestuffs 
morin  and  cochineal  (2)  both  fluoresce  in  the  presence  of  zinc 
as  they  do  with  many  other  ions.  Textbooks  in  qualitative 
analysis  generally  recommend  dithizone,  potassium  ferri- 
cyanide  with  diethylaniline  or  Orange  IV,  mercury  thiocya¬ 
nate,  or  the  Rinman’s  green  test  as  confirmatory  for  zinc. 
Difficulty  with  these  reagents  is  encountered  due  to  lack  of 
specificity,  sensitivity,  or  indefinite  results. 

Yoe  and  Sarver  ( 5 )  list  some  forty  organic  compounds  that 
may  be  used  as  reagents  for  zinc.  Of  these  the  ones  men¬ 
tioned  above  are  most  widely  used  in  qualitative  analysis. 
Organic  reagents  which  coordinate  with  the  metallic  ions 
often  have  a  hydroxyl  and  a  carbonyl  group  adjacent  to  or 
near  one  another.  In  testing  compounds  of  this  type  for 
fluorescent  reactions  with  the  metallic  ions  it  has  been  found 
that  benzoin,  CsH5.CHOH.CO.CsH5,  serves  as  an  excellent 
qualitative  reagent  for  zinc. 

Characteristics  of  the  Reagent 

Since  benzoin  is  commonly  made  as  a  student  preparation 
in  elementary  organic  chemistry  laboratories,  it  is  readily 
available  in  large  quantities.  Benzoin  is  moderately  soluble 
in  95  per  cent  alcohol  and  dissolves  easily  on  warming.  This 


solution  has  a  faint  green  fluorescence  but  when  diluted  in  the 
test  it  offers  no  interference.  It  was  found  during  the  course 
of  these  experiments  that  a  freshly  prepared  solution  of 
benzoin  gave  better  results  than  an  older  one.  Since  it  is 
probable  that  this  is  due  to  oxidation  of  the  benzoin,  a  reduc¬ 
ing  agent,  sodium  dithionite,  Na2S2Ch,  was  added  to  the  re¬ 
action  mixture.  With  this  present  the  age  of  the  benzoin 
solution  is  immaterial.  Other  reducing  agents  were  tried, 
but  the  dithionite  gave  the  best  results. 

The  fluorescence  with  zinc  appears  in  an  alkaline  solution 
in  the  presence  of  magnesium  hydroxide.  This  latter  ma¬ 
terial  was  used  in  a  series  of  experiments  to  see  if  it  would 
absorb  fluorescent  compounds,  as  it  does  titan  yellow  in  the 
common  test  for  magnesium  ion.  In  this  particular  case  it 
was  highly  successful.  Subsequent  tests  showed  that  the 
zinc-benzoin  fluorescence  on  the  magnesium  hydroxide  was 
much  more  lasting  when  a  small  quantity  of  silicate  was 
present.  It  is  probable  that  the  adsorbing  agent  is  a  basic  mag¬ 
nesium  silicate. 

Procedure  for  the  Test 

The  test  solution  containing  0.1  mg.  or  more  of  zinc  ion  is 
made  neutral  or  slightly  alkaline  with  sodium  hydroxide.  If  one 
is  proceeding  through  the  usual  scheme  of  analysis  and  zinc  is 
precipitated  as  the  sulfide,  this  is  dissolved  in  hydrochloric  acid 
and  boiled  until  all  the  hydrogen  sulfide  is  removed.  The  solu¬ 
tion  is  then  made  just  sufficiently  alkaline  with  sodium  hydroxide 
to  dissolve  the  zinc  hydroxide.  Any  hydroxides  insoluble  in 
sodium  hydroxide  are  removed  by  filtration.  The  volume  of 
solution  should  be  between  5  and  15  ml.  Approximately  1  ml. 
of  each  of  the  following  reagents  is  added  in  successive  order. 
Medicine  droppers  delivering  about  1  ml.  are  sufficiently  accurate 
for  the  measurement. 

1.  Sodium  hydroxide-sodium  silicate  solution,  prepared  by 
mixing  100  ml.  of  2.5  N  sodium  hydroxide  with  0.6  ml.  of  35  per 
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cent  sodium  silicate.  The  sodium  silicate  is  unnecessary  if  im¬ 
mediate  observations  are  to  be  made. 

2.  Sodium  dithionite  solution,  made  by  dissolving  1  gram  of 
sodium  dithionite  in  25  ml.  of  water.  This  solution  must  be  pre¬ 
pared  fresh  daily  and  the  quantity  is  so  approximate  that  the  “1 
gram”  may  be  measured  in  a  porcelain  spoon. 

3.  Benzoin  solution,  prepared  by  dissolving  0.3  gram  of  ben¬ 
zoin  in  hot  95  per  cent  ethyl  alcohol. 

4.  Magnesium  nitrate  solution,  prepared  so  that  1  liter  of 
solution  contains  2  grams  of  magnesium  ion. 

After  addition  of  these  reagents  the  solution  is  shaken  and  after 
a  minute  or  two  observed  under  an  ultraviolet  lamp.  A  green 
fluorescence  between  4650  and  5700  A.  is  a  positive  test.  The 
G.  E.  H-4  lamp  with  a  blue-purple  bulb  is  most  satisfactory  as  a 
source  of  ultraviolet  radiations.  If  there  is  much  visible  light 
present,  it  is  helpful  to  make  the  observation  through  a  piece  of 
green  cellophane.  For  concentrations  of  zinc  less  than  0.1  mg.  a 
blank  should  be  run  at  the  same  time,  because  the  contrast  makes 
the  test  more  pronounced.  The  fluorescence  increases  for  the 
first  few  minutes  after  the  solutions  are  mixed  and  then  fades 
very  slowly  until  it  entirely  disappears  in  several  hours. 

Interferences 

Since  the  zinc  test  is  carried  out  in  a  sodium  hydroxide 
solution  and  all  insoluble  hydroxides  are  removed  by  filtra¬ 
tion,  it  is  only  the  amphoteric  cations  and  certain  anions 
that  are  likely  to  cause  interference.  Beryllium  and  boron 
both  give  a  fluorescence  with  benzoin.  Theoberyllium  color 
range  is  in  the  yellow  green  from  4930  to  5700  A.  and  the  boron 
from  4710  to  5700  A.  Both  fluoresce  before  the  magnesium 
hydroxide  is  added  and  if  the  solution  is  examined  under  the 
lamp  at  this  point  they  will  not  be  confused  with  zinc.  After 
the  magnesium  hydroxide  is  added,  zinc  can  be  distinguished 
from  beryllium  by  comparing  to  a  standard.  The  boron 
fluorescence  is  not  apparent  in  concentrations  under  one  part 
in  100,000.  The  only  other  element  causing  any  difficulty 
is  antimony,  wffiich  gives  a  purplish  fluorescence  that  will 
completely  mask  the  green  of  the  zinc.  Since  boron  and 
beryllium  are  seldom  found  in  general  qualitative  analysis 
mixtures,  and  antimony  is  removed  in  a  previous  group,  these 
interferences  are  not  considered  serious. 

Of  the  other  cations  left  in  solution  after  a  sodium  hydroxide 
treatment  only  the  platinum  metals,  mercury,  silver,  and  gold, 
cause  difficulty.  The  ions  of  these  elements  are  reduced  to 
the  metal  by  the  dithionite  and  a  black  precipitate  results. 
Consequently  they  must  be  removed  before  the  zinc  test  is 
applied.  Anions  causing  an  interference  on  being  reduced 
by  the  dithionite  are  those  of  molybdenum,  vanadium,  tel¬ 
lurium,  and  selenium.  The  colored  anions  such  as  chromate, 
permanganate,  and  the  iron  cyanides  mask  the  color  of  the 
zinc  fluorescence  and  cannot  be  tolerated.  Colorless  anions 
and  anions  not  reduced  to  precipitates  or  colored  forms  by 
dithionite  do  not  interfere. 

All  the  usual  cations  and  anions  were  tested  as  individuals 
except  radium,  hafnium,  rhenium,  and  the  rare  earth  group 
where  lanthanum,  cerium,  praseodymium,  and  neodymium 
were  the  only  ones  available;  the  remainder  were  tested  as  a 
group  using  monazite  sand  extracts.  Some  anions,  while 
not  causing  a  fluorescence  when  alone  or  with  other  elements, 
seem  to  intensify  that  of  the  zinc.  In  descending  order  of 
effectiveness  these  are:  silicate,  phosphate,  carbonate,  and 
arsenate.  Since  this  order  is  in  fair  agreement  with  the  list 
of  adsorbing  agents  used  in  chromatographic  analysis  as 
given  by  Strain  (4) ,  it  is  believed  that  the  increase  in  fluores¬ 
cence  is  due  to  the  character  of  the  adsorbing  agent. 

Unknowns  containing  various  mixtures  were  run  following 
the  usual  qualitative  procedures,  and  zinc  was  determined 
by  the  fluorescent  test  outlined  above  with  perfect  results  in 
all  cases. 

Sensitivity  of  the  Test 

This  test  is  sensitive  to  10  micrograms  of  zinc  ion  or  to  a 
concentration  of  one  part  in  a  million.  This  is  not  so  sen¬ 


sitive  as  dithizone,  which  Feigl  (1)  claims  is  good  to  0.1  micro 
gram.  It  is,  however,  a  very  pronounced  test  with  a  higl 
specificity  where  results  are  easily  identified. 

Discussion 

It  has  not  been  possible  to  isolate  the  fluorescing  materia 
for  analysis.  Unsuccessful  attempts  were  made  to  remove 
this  from  the  magnesium  hydroxide  by  means  of  organii 
solvents.  Nor  was  it  possible  to  get  an  indication  of  th< 
composition  of  the  substance  by  analyzing  for  the  zinc  anc 
benzoin  removed  from  the  solution.  Tests  showed  that  th< 
zinc  was  adsorbed  from  the  solution  even  though  benzoin  wa. 
absent.  The  quantities  involved  indicated  that  8  X  10' 
mole  of  magnesium  adsorbed  8  X  10 -6  mole  of  zinc  from  thi 
alkaline  solution.  If  a  greater  quantity  of  zinc  was  used 
it  was  not  completely  removed.  Much  of  the  adsorbed  zin< 
can  be  easily  washed  from  the  magnesium  with  2.5  N  sodiun 
hydroxide;  however,  some  remains  after  several  washings 
Benzoin  is  not  adsorbed  by  the  magnesium  hydroxide,  anc 
even  with  the  zinc  present  it  seems  impossible  to  have  all  th< 
benzoin  retained.  Under  the  conditions  of  the  experiment 
it  required  only  1.4  X  10 -7  mole  of  benzoin  to  produce  i 
fluorescence  with  7  X  10-7  mole  of  zinc,  and  yet  after  treating 
with  magnesium  and  filtering,  some  of  the  benzoin  but  none 
of  the  zinc  passed  into  the  filtrate.  The  benzoin  was  testec 
for  by  its  fluorescence  with  boron;  this  property  will  be  de¬ 
scribed  in  detail  in  a  later  paper.  A  lesser  quantity  of  benzoii 
does  not  produce  a  fluorescence  but  can  still  be  detected  ii 
the  filtrate  after  the  magnesium  hydroxide  treatment. 

No  conclusions  as  to  the  formula  of  the  zinc-benzoin  comple? 
could  be  obtained.  From  the  formula  of  benzoin,  it  would  be 
expected  that  the  zinc  replaces  the  hydroxyl  hydrogen  anc 
coordinates  with  the  ketonic  oxygen,  forming  a  complex  o: 
the  type  [ZnCCsHsCO.CO.CeHj)] +.  In  the  filtrations  men¬ 
tioned  above  the  zinc-benzoin  complex  remains  on  the  filtei 
paper  as  a  highly  fluorescent  material  which  loses  its  fluores¬ 
cence  on  drying. 

Other  adsorbing  agents  were  tried  in  place  of  the  magnesiun 
hydroxide,  but  none  were  successful.  Among  these  wer< 
spot  test  paper,  activated  alumina,  and  the  hydroxides  o 
cadmium,  thorium,  and  zirconium. 

The  intensity  of  the  fluorescence  varies  with  the  concentra¬ 
tion  of  zinc;  however,  the  differences  are  not  sufficient  foi 
quantitative  measurement.  By  comparison  to  a  standard 
concentrations  differing  by  10  micrograms  at  lower  con¬ 
centrations  can  be  distinguished. 

Summary 

Benzoin  in  the  presence  of  alkali  and  magnesium  ion  reacts 
with  zinc  to  produce  a  green  fluorescent  compound  having  a 
spectral  range  from  4650  to  5700  A.  The  reagent  is  highlj 
specific  for  zinc;  interference  is  given  only  by  beryllium 
boron,  and  antimony.  While  the  test  is  not  as  sensitive  as 
the  one  using  dithizone,  it  is  pronounced  and  easy  to  observe. 
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THE  analytical  procedure  presented  below  for  the  deter¬ 
mination  of  phosphorus  in  organic  compounds  makes 
use  of  the  Parr  sodium  peroxide  bomb  described  previously 
m  The  phosphate  is  determined  volumetrically,  the 
alkalimetric  procedure  used  in  steel  analysis  ( 2 ,  8,  6)  being 
found  applicable  with  little  modification.  The  precipitate 
of  ammonium  phosphomolybdate  is  collected  in  a  cylindrical 
filter  funnel  with  fritted-glass  disk.  The  decinormal  car¬ 
bonate-free  alkali  is  standardized  empirically  against  pure 
potassium  dihydrogen  phosphate  in  order  so  far  as  possible 
to  exclude  uncertainty  caused  by  deviation  of  the  composition 
of  the  precipitate  from  the  theoretical.  The  titration  is 
completed  without  boiling  (8). 


Reagents 

Molybdate  Solution.  The  familiar  acid [  solution  (1,  6)  is 
used-  118  grams  of  ammonium  molybdate  l(NH4)4M07<J24.4n2uj 
are  dissolved  in  400  ml.  of  water,  80  ml.  of  concentrated  am¬ 
monium  hydroxide  are  added,  and  the  solution  is  poured  into  a 
mixture  of  400  ml.  of  concentrated  mtnc  acid  and  600  ml.  of 
water,  with  agitation  by  passing  a  current  of  air  through  the 
solution  After  several  hours  the  solution  is  filtered.  If  there¬ 
after  a  precipitate  of  molybdic  acid  appears  the  reagent  must  be 

filtered  before  use.  ,  ,  ,•  , 

Decinormal  Sodium  Hydroxide,  carbonate-free,  standardized 
against  pure  potassium  dihydrogen  phosphate  by  the  procedure 
described  for  the  analysis.  It  is  convenient  to  prepare  a  standard 
solution  of  potassium  dihydrogen  phosphate— e.  g.,  8.5  grams 
ner  liter  (0  135  AT),  and  to  add  a  10-ml.  aliquot  to  a  solution  of 
9.0  grams  of  sodium  nitrate,  0.2  gram  of  potassium  nitrate  and 
1  to  2  ml.  of  concentrated  nitric  acid  in  50  cc.  of  water,  completing 
the  standardization  as  described  in  the  procedure  starting  with 

thDecinormat  Hydrochloric  Acid,  standardized  against  the  alkali 
solution  by  titration  with  the  latter,  using  phenolphthalein 
indicator. 

Procedure 

If  the  substance  to  be  analyzed  is  a  solid,  transfer  to  the  bonab 
cup  an  accurately  weighed  sample  of  such  size  (usually  10  to  30 
mg.)  that  the  phosphorus  present  will  lead  to  consumption  of 
10  to  20  ml.  of  decinormal  alkali.  Add  powdered  sucrose  in  such 
amount  that  the  combined  weight  of  sample  and  sucrose  is 
0.2  gram.  Introduce  0.2  gram  of  powdered  potassium  nitrate 
and  4.0  grams  of  sodium  peroxide.  If  the  substance  to  be 
analyzed  is  a  nonvolatile  liquid  (the  only  kind  tested),  intro¬ 
duce  first  into  the  cup  the  sucrose,  potassium  mtrate,  and  so¬ 
dium  peroxide,  and  then  add  the  sample  from  a  Lunge-Rey  pipet 
(the  delivery  tip  of  which  is  drawn  out  to  a  fine  opening  so  as 
to  obtain  small  drops),  determining  the  weight  of  sample  by 

difference.  •  j 

Lock  the  bomb  cover  in  place,  mix  the  charge,  ignite,  and 
extract  the  cooled  melt  in  water,  using  the  manipulations  de¬ 
scribed  in  procedures  for  determination  of  sulfur  W)  and  ot  the 
halogens  (5).  Acidify  the  alkaline  extract  by  addition  of  10  ml 
of  concentrated  nitric  acid.  The  volume  at  this  point  should 

be  about  60  ml.  The  liquid  should  be  clear  or  nearly  so.  A  small 

amount  of  dark  carbonaceous  material  may  be  without  signifi¬ 
cance,  but  if  the  amount  is  large  this  may  indicate  that  the 
decomposition  was  incomplete,  and  it  may  later  obstruct  the 
filtration  or  reduce  some  ammonium  phosphomolybdate. 

With  the  liquid  at  a  temperature  of  about  40  C.  (S)  (ordi¬ 
narily  the  neutralization  will  warm  the  liquid  to  about  this  tem¬ 
perature)  introduce  from  a  pipet  50  ml.  of  the  molybdate  re¬ 
agent.  Allow  the  solution  to  stand  for  2  hours  or  overnight  (I). 

Using  light  suction  (to  minimize  danger  of  loss  of  ammonia 
by  volatilization)  filter  the  mixture  through  a  filter  funnel  with 


sintered-glass  disk  (a  funnel  of  15-ml.  capacity  and  22-mm.  in¬ 
side  diameter,  and  with  a  disk  of  “medium”  porosity,  is  suit¬ 
able),  mounted  in  a  Witt  suction  filtration  apparatus.  Clear  the 
beaker  of  the  last  traces  of  precipitate  by  rinsing  with  1  per  cent 
potassium  nitrate  solution,  and  scrubbing  thoroughly.  Wash 
the  precipitate  on  the  filter  with  10-ml.  portions  of  1  per 
cent  potassium  nitrate  solution,  applied  as  a  fine  stream  from  a 
wash  bottle.  The  total  volume  of  the  wash  solution  used  in 
these  operations  should  be  75  ml.  Rinse  the  under  side  of  the 
filter  with  water  to  remove  any  adhering  traces  of  acid. 

Place  under  the  filter  funnel  (in  the  Witt  apparatus)  a  250-ml. 
Erlenmeyer  flask  containing  5  drops  of  1  per  cent  phenolphthalein 
indicator.  With  suction  interrupted  measure  decinormal  so¬ 
dium  hydroxide  into  the  funnel  from  a  25-ml.  or  a  50-ml.  buret, 
using  enough  to  dissolve  the  precipitate,  an  operation  which  may 
be  assisted  by  manipulation  with  a  glass  rod.  Draw  the  solution 
into  the  flask  with  suction;  if  the  liquid  remains  colorless  measure 
from  the  buret  and  through  the  funnel  enough  additional  decinor¬ 
mal  alkali  to  produce  a  red  color.  Wash  the  filter  with  water. 
Titrate  with  decinormal  acid  to  discharge  the  color,  and  add  a 
slight  excess  of  acid.  Finally  titrate  with  decinormal  alkali  to  a 
“permanent”  pale  pink  color. 


Table  I.  Determination  of  Phosphorus  in  Organic 


Compounds 

Compound 

Sample 

Mg. 

Sodium 

Hydroxide 

Nor¬ 

mality0 

Ml. 

Phosphorus 

Calcu- 

Found  b  lated 

%  % 

n-Butyl  phosphate, 

b.  p.  161-163°  at  16 
mm. 

41.61 

41.05 

38.15 

32.86 

32.90 

29.71 

0.1091 

Av. 

11.63 

11.80 

11.47 

11.6 

11.65 

Tri  -  p  -  tolyl  phos¬ 
phate,  m.  p.  75.1°, 
corrected 

40.75 

30.44 

31.33 

16.59 

27.79 

20.73 

21.32 

7.95 

0.0913 

0.1279 

Av. 

8.39 

8.38 

8.37 

8.26 

8.37 

8.42 

Sodium  "glycerophos¬ 
phate,  Eastman  Ko¬ 
dak  Co.  No.  644  c 

6.57 

11.17 

4.06 

6.79 

0.1259 

10.55 

10.40 

10.374 

10.424 

10.394 

10. 45  6 
10.46° 

Av. 

10.5 

Av.  10.42 

Triphenyl  phosphite, 
b.  p.  240°  at  21  mm. 

8.37 

9.83 

16.62 

4.83 

5.66 

9.77 

0. 1279 

Av. 

9.95 

9.93 

10.13 

10.0 

10.00 

Tri  -  m  -  tolyl  phos¬ 
phite,  b. p. 249—251° 
at  11  mm. 

15.93 

18.29 

27.24 

22.42 

8.29 

9.13 

13.54 

11.33 

0.1279 

0.1289 

Av. 

8.97 

8.67 

8.65 

8.78 

8.78 

8.81 

Tri  -  v  -  tolyl  phos¬ 
phite,  b. p. 260-261° 
at  10-11  mm. 

30.56 

9.11 

13.07 

10.78 

15.37 

4.66 

6.74 

5.63 

0.1279 

Av. 

8.67 

8.81 

8.89 

9.00 

8.83 

8.81 

Triphenylphosphine, 
m.  p.  80.6°  correc¬ 
ted 

15.19 

14.97 

16.96 

10.26 

10.16 

11.80 

0.1279 

Av. 

11.64 

11.70 

11.99 

11.8 

11.83 

O  Normality  in  terms  of  phosphorus  as  required  by  the  ratio  P  o  23 
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Results  obtained  by  this  procedure  applied  to  seven 
organic  compounds  are  given  in  Table  I. 

The  compounds  analyzed  were  all  specimens  obtained  from 
the  Eastman  Kodak  Company.  Sodium  glycerophosphate  and 
tri-p-tolyl  phosphate  were  analyzed  as  received.  Triphenyl 
phosphine  was  twice  crystallized  from  ethanol.  The  phosphorous 
esters  were  distilled  under  reduced  pressure.  They  all  con¬ 
tained  some  of  the  corresponding  phenols  (odor;  fore-run  during 
distillation),  and  when  distilled  in  vacuo  they  underwent  con¬ 
siderable  change  in  the  flask,  an  orange-colored  turbidity  ap¬ 
pearing  in  the  liquid  in  each  case.  As  small  amounts  of  these 
materials  passed  into  the  distillates,  it  was  necessary  to  repeat 
the  distillations.  In  all  cases  the  specimens  finally  obtained 
were  perfectly  clear,  and  boiled  within  narrow  temperature 
ranges,  but  the  residual  liquids  were  opaque  and  much  dis¬ 
colored. 

Samples  were  weighed  on  a  semimicrobalance. 
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Determination  of  Total  Sulfur  in  Rubber 

C.  L.  LUKE 

Bell  Telephone  Laboratories,  Inc.,  New  York,  N.  Y. 


A  new  volumetric  method  has  been  de¬ 
veloped  for  the  determination  of  sulfate 
sulfur.  The  sulfate  is  reduced  to  sulfide  by 
treatment  with  hydriodic  acid  and  the  hy¬ 
drogen  sulfide  is  distilled  off  and  titrated 
iodometrically.  The  new  method  has  been 
applied  to  the  determination  of  total  sul¬ 
fur  in  natural  and  synthetic  rubber. 


WITH  the  recent  increase  in  research  on  natural  and 
synthetic  rubber  there  has  arisen  a  need  for  a  rapid 
method  for  the  determination  of  total  sulfur  in  rubber  sam¬ 
ples  where  only  a  semimicrosample  can  be  spared  for  analysis. 

The  usual  methods  in  which  the  rubber  is  oxidized  by  di¬ 
gestion  with  acid,  followed  in  some  cases  by  fusion  to  complete 
the  oxidation,  and  the  sulfur  is  precipitated  and  weighed  as 
barium  sulfate,  yield  good  results  on  semimicrosamples  but 
are  time-consuming  because  quantitative  precipitation  of  the 
sulfate  cannot  be  attained  unless  the  solution  is  allowed  to 
stand  overnight  before  filtration.  Several  volumetric  meth¬ 
ods,  most  of  which  depend  upon  the  precipitation  of  the  sulfur 
as  barium  sulfate,  have  been  described,  but  none  is  very  satis¬ 
factory  in  the  determination  of  small  amounts  of  sulfur. 

St.  Lorant  (#)  has  proposed  a  volumetric  method  for  the 
determination  of  microsamples  of  sulfate,  in  which  the  sulfate 
is  reduced  to  sulfide  with  hydriodic  acid,  and  the  hydrogen 
sulfide  is  distilled  off  and  determined  colorimetrically.  The 
author  has  recently  developed  a  modification  of  this  method 
which  has  proved  to  be  very  satisfactory  in  the  analysis  for 
sulfur  in  small  samples  of  rubber.  The  procedure  consists 
essentially  of  oxidation  of  the  rubber  in  the  usual  manner, 
reduction  of  the  sulfate  to  sulfide,  separation  of  the  hydrogen 
sulfide  by  distillation,  and  titration  of  the  latter  iodometri¬ 
cally. 

The  new  method  is  very  rapid  (20  to  25  minutes  for  the 
distillation  and  titration)  and  is  not  subject  to  the  errors  of 


adsorption,  occlusion,  and  solubility  encountered  in  the 
gravimetric  barium  sulfate  method,  or  to  difficulties  in  de¬ 
tection  of  the  end  point  encountered  in  some  of  the  volu¬ 
metric  methods.  It  possesses  the  distinct  advantage  over 
some  of  the  gravimetric  methods,  that  it  is  applicable  to  the 
analysis  of  rubber  containing  barium,  lead,  and  calcium. 
The  only  serious  objections  to  the  method  from  the  stand¬ 
point  of  general' use  are  that  hydriodic  acid  is  expensive  and 
that  the  applicability  of  the  method  is  somewhat  limited 
because  of  the  fact  that  no  more  than  about  5  mg.  of  sulfur 
can  be  handled  conveniently.  This  means  that  the  sample 
size  must  be  small  when  analyzing  rubber  high  in  sulfur; 
and  when  small  samples  are  used  there  is  always  the  danger 
of  error  due  to  unequal  distribution  of  sulfur  in  the  sample. 

Apparatus 

The  apparatus  is  shown  in  Figure  1.  It  consists  of  a  125-ml 
Erlenmeyer  flask  with  standard  taper  24/40  joint,  a  distillation 
head  with  capillary  pressure  regulator,  and  a  300-ml.  Erlenmeyer 
flask  with  standard  taper  24/40  joint.  The  capillary  tubing  is 
2  mm.  in  inside  diameter  and  extends  to  within  2  to  4  mm.  from 
the  bottom  of  the  125-ml.  flask. 

Reagents 

Nitric  Acid-Zinc  Oxide-Bromine  Mixture.  Dissolve  10 
grams  of  zinc  oxide  in  100  ml.  of  nitric  acid  and  saturate  with 
bromine. 

Acid  Mixture  for  Distillation.  Place  160  ml.  of  hydriodic 
acid  (specific  gravity  1.70),  160  ml.  of  hydrochloric  acid,  and  45 
ml.  of  hypophosphorous  acid  (50  per  cent)  in  a  500-ml.  Erlen¬ 
meyer  flask.  (If  the  hydriodic  acid  contains  hypophosphorous 
acid  as  a  preservative  use  only  40  ml.  of  hypophosphorous  acid.) 
Add  a  few  grains  of  silicon  carbide  and  boil  vigorously  without 
cover  for  5  minutes.  Cool  in  an  ice  bath  to  room  temperature. 
Keep  stoppered  in  a  500-ml.  brown  glass-stoppered  bottle  to 
avoid  oxidation  of  the  hydriodic  acid. 

Ammoniacal  Cadmium  Chloride  Solution.  Dissolve  10 
grams  of  cadmium  chloride  dihydrate  in  water.  Add  500  ml. 
of  ammonium  hydroxide  and  dilute  to  5  liters. 

Standard  Potassium  Iodate  Solution  (0.01  N).  Recrystal¬ 
lize  c.  p.  potassium  iodate  from  water  twice  and  dry  at  180°  C.  to 
constant  weight.  Weigh  0.7134  gram  of  the  pure  potassium 
iodate  and  dissolve  in  water.  Add  2  grams  of  sodium  hydroxide 
and  then  10  grams  of  potassium  iodide  (free  from  potassium 
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Figure  1 


iodate).  After  complete  solution  of  all  salts  adjust  to  room 
I  temperature  and  dilute  to  2  liters  in  a  volumetric  flask. 

Standard  Sodium  Thiosulfate  Solution  (0.01  N).  Dis¬ 
solve  about  5  grams  of  sodium  thiosulfate  pentahydrate  in  2 
liters  of  freshly  boiled  and  cooled  distilled  water.  Store  in  a  clean 
Pyrex  bottle.  To  standardize  this  solution,  pipet  25  ml.  of  the 
standard  potassium  iodate  solution  into  a  300-ml.  Erlenmeyer 
flask.  Add  200  ml.  of  water  and  20  ml.  of  hydrochloric  acid. 
'Allow  to  stand  1  minute  and  then  titrate  with  the  thiosulfate 
'solution.  As  the  end  point  is  approached  add  10  ml.  of  0.2  per 
cent  starch  solution  and  titrate  carefully  until  the  solution  is 
colorless.  The  thiosulfate  solution  should  be  restandardized 
every  15  days. 

Starch  Solution.  Add  a  cold  aqueous  suspension  of  2  grams 
.  of  soluble  starch  to  1  liter  of  boiling  water.  Cool  to  room  tem¬ 
perature  and  store  in  a  clean  bottle. 


Procedure 


[(Ml.  of  KI03  -  ml.  of 


Place  0.050  to  0.100  gram  of  the  rubber  sample,  which  has  been 
either  “crumbed”  or  cut  into  as  small  pieces  as  possible,  in  a  125- 
ml.  Erlenmeyer  flask  with  ground- 
glass  joint.  (The  method  as  written 
is  applicable  to  the  analysis  of  semi¬ 
microsamples  of  rubber.  If  an  analy¬ 
sis  of  larger  samples  is  desired  ap¬ 
propriate  increases  in  the  amounts  of  reagents  must  be  made. 
It  is  best,  however,  to  limit  the  amount  of  sulfur  in  the  sample 
to  5  mg.  or  less.) 


(When  highly  saturated  material  such  as  Butyl  rubber  is  to 
be  analyzed,  it  is  desirable  to  limit  the  sample  size  to  0.05  to  0.10 
gram  in  order  to  decrease  the  time  of  oxidation  and  danger  of 
explosion  with  perchloric  acid.  In  general,  oxidation  of  diffi- 
.  cultly  oxidizable  material  is  more  rapid  and  convenient  with  the 
perchloric  acid  method  than  with  the  A.  S.  T.  M.  method.) 

Proceed  by  either  of  the  following  methods: 

A.  S.  T.  M.  Method.  Add  4  ml.  of  nitric  acid-zinc  oxide- 
bromine  mixture.  Cover  and  heat  on  a  steam  bath  or  low-tem¬ 
perature  hot  plate  to  decompose  the  sample.  WTien  rapid  solu¬ 
tion  ceases  add  3  ml.  of  fuming  nitric  acid.  Cover,  and,  while 
swirling  the  flask  to  prevent  ignition  of  the  sample,  heat  on  a  hot 
plate  with  surface  temperature  maintained  at  180°  to  200°  C. 
When  danger  of  ignition  is  past,  allow  the  solution  to  boil  gently 


until  most  of  the  organic  matter  is  destroyed  and  the  acid  is  all 
but  expelled.  With  difficultly  oxidizable  samples  such  as  Buna  S 
and  Butyl  rubber  it  may  be  necessary  to  add  more  fuming  nitric 
acid  and  take  down  to  near  dryness  2  or  3  times  before  enough  of 
the  sample  has  been  oxidized  to  make  it  sale  to  continue.  Fi¬ 
nally,  remove  the  cover  and  bake  over  a  Tirrill  flame  until  the  zinc 
nitrate  is  converted  to  zinc  oxide  and  most  of  the  brown  fumes  are 
expelled.  Return  the  flask  to  the  hot  plate  to  cool  and  to  allow 
the  remaining  fumes  to  be  expelled.  Cool  to  30  °C.  Washdown 
the  sides  of  the  flask  with  5  ml.  of  hydrochloric  acid  and  boil 
without  cover  to  expel  about  half  of  the  acid.  It  is  essential  that 
all  nitrates  be  expelled  in  order  to  avoid  interference  in  the  titra¬ 
tion  described  below.  Cool  to  room  temperature  and  reserve 
the  solution  for  the  distillation. 

Perchloric  Acid  Method.  Proceed  as  directed  in  the  A.  S. 
T.  M.  method.  When  most  of  the  readily  oxidizable  organic 
matter  has  been  oxidized,  and  all  but  1  or  2  ml.  of  the  acid  has 
been  expelled,  add  5  ml.  perchloric  acid  (60  per  cent).  Cover 
and  boil  gently  at  a  hot-plate  temperature  of  180°  C.  to  200°  C. 
until  white  perchloric  acid  fumes  appear.  Dining  this  boiling  it 
is  essential  that  the  flask  be  completely  covered  with  a  watch 
glass.  With  difficultly  oxidizable  material  such  as  Butyl  rubber 
considerable  amounts  of  organic  material  may  remain  after  ex¬ 
pulsion  of  the  nitric  acid.  If  this  occurs,  the  oxidation  with 
perchloric  acid  should  be  allowed  to  proceed  only  to  the  point 
where  the  sample  begins  to  char.  At  this  point  add  more  fuming 
nitric  acid  and  repeat  the  evaporation.  Repeat  if  necessary. 
Finally,  when  most  of  the  organic  matter  is  destroyed,  the  sample 
can  safely  be  heated  until  fumes  of  perchloric  acid  appear  without 
danger  of  ignition  or  explosion.  Fume  vigorously  on  a  flame 
without  cover  to  expel  all  but  about  2  ml.  of  the  acid.  Cool  to 
room  temperature  and  reserve  for  the  distillation. 

After  oxidation  of  the  sample,  add  about  5  grains  of  silicon 
carbide  (12-mesh  grains  that  have  been  boiled  in  hydrochloric 
acid)  to  prevent  bumping,  and  35  ml.  of  the  acid  mixture  and 
immediately  cap  with  the  distillation  head.  Place  on  a  hot  plate 
with  surface  temperature  of  375°  C.  to  400°  C.  and  boil  for  5  min¬ 
utes,  catching  the  distillate  in  150  ml.  of  ammoniacal  cadmium 
chloride  solution  in  a  300-ml.  Erlenmeyer  flask  with  ground-glass 
joint.  The  boiling  should  be  timed  from  the  moment  fumes  of 
ammonium  chloride  are  first  seen  in  the  300-ml.  flask. 

Remove  the  small  flask  from  the  plate  and  detach  the  distilla¬ 
tion  head.  (If  difficulty  is  encountered  in  removing  the  head, 
cool  the  joint  and  then  run  hot  water  on  it.)  Cool  the  distillate 
rapidly  in  an  ice  bath  to  10°  C.  (In  the  analysis  of  samples 
containing  over  about  5  mg.  of  sulfur,  add  an  excess  of  potassium 
iodate  to  a  125-ml.  flask  containing  20  ml.  of  hydrochloric  acid 
and  20  ml.  of  water.  Pour  this  solution  in  one  stroke  into  the 
flask  containing  the  sample.  Stopper  immediately  and  shake  to 
oxidize  all  the  sulfide  in  the  flask.  Wash  the  remains  of  the  iodine 
into  the  large  flask  and  back-titrate  with  thiosulfate  as  directed.) 

Add  20  ml.  of  hydrochloric  acid  and  swirl  once  to  mix  thor¬ 
oughly.  Titrate  immediately  and  rapidly  with  potassium  iodate 
•solution,  using  a  rapidly  flowing  buret — (i.  e.,  a  50-ml.  buret  which 
will  empty  by  gravity  in  60  to  70  seconds) — until  an  excess  of 
about  1  or  2  ml.  has  been  added,  as  indicated  by  the  yellow  color. 
Cap  immediately  with  a  ground-glass  stopper  and  shake  vigor- 
ously  to  entrap  any  hydrogen  sulfide  in  the  atmosphere  in  the 
flask.  Allow  the  potassium  iodate  buret  to  stand  1  minute  after 
the  titration  before  reading  it.  Add  10  ml.  of  starch  solution  and 
titrate  with  standard  sodium  thiosulfate  solution  (0.01  N). 
Carry  a  blank  through  the  whole  procedure.  The  blank  should 
not  be  greater  than  0.1  ml.  of  potassium  iodate  solution  (0.01  N) : 


Na^&Cb  X  KIQa  factor)  -  blank]  X  0.01603 
Sample  weight  in  grams 

Discussion 


per  cent  sulfur 

•  'f 


The  proposed  volumetric  method  for  the  determination  of 
sulfate  yields  satisfactory  results  when  the  amount  of  sulfur 
to  be  determined  is  less  than  about  10  mg.  although  slightly 
low  values  are  obtained  when  the  amount  of  sulfur  present 
exceeds  about  1  mg.  (see  Table  I).  With  quantities  greater 
than  about  5  mg.  special  precautions  must  be  taken  to  avoid 
loss  of  hydrogen  sulfide  during  the  titration. 

Low  results  are  obtained  if  the  hydrogen  sulfide  is  allowed 
to  escape  during  the  distillation  or  titration,  if  the  temperature 
of  distillation  is  too  low,  if  the  concentration  of  hydriodic  acid 
is  too  low,  and  if  nitrates  in  quantities  greater  than  traces 
are  present  at  the  distillation.  High  results  may  be  obtained 
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Table  I.  Determination  of  Sulfur  in  Potassium  Sulfate 
by  the  Proposed  Volumetric  Method 


No. 

Sulfur  Present 

Sulfur  Found 

Error 

Mg. 

Mg. 

Mg. 

1 

0.06 

0.07 

+0.01 

2 

0.13 

0.13 

±0.00 

3° 

0.13 

0.13 

±0.00 

4 

0.25 

0.25 

±0.00 

5 

0.62 

0.61 

-0.01 

66 

0.62 

0.62 

±0.00 

7 

1.25 

1.24 

-0.01 

8a 

1.25 

1.22 

-0.03 

96 

1.25 

1.23 

-0.02 

10c 

1.25 

1.22 

-0.03 

114 

1.25 

1.22 

-0.03 

12  * 

1.09 

1.08 

-0.01 

13 

3.12 

3.10 

-0.02 

14  6 

3.12 

3.09 

-0.03 

15 

6.23 

6.16 

-0.07 

16  6 

6.23 

6.20 

-0.03 

°  Titrated  with  KIOs  using  CCli  as  indicator. 
6  No  HC10<  present  in  acid  mixture. 
c  0.2  gram  of  BaCl2.2H20  present. 
i  0.05  gram  of  PbCb  present. 

*  Different  K2SO4  solution  used. 


unless  a  blank  correction  for  the  reagents  is  made.  Because 
of  the  danger  of  exceptionally  heavy  contamination  of  the 
hypophesphorous  acid  with  sulfur  compounds,  it  is  necessary 
to  resort  to  a  preliminary  distillation  of  the  acid  mixture  in 
order  to  reduce  the  blank  to  a  reasonable  figure. 

In  preliminary  work  the  usual  distillation  apparatus  for 
the  evolution  method  for  sulfur  in  steel  was  used.  This 
proved  unsatisfactory  because  the  variation  in  the  diameter 
of  the  neoprene  rubber  stoppers  and  the  neck  of  the  Erlen- 
meyer  flasks  was  so  great  that  the  distance  between  the 
bottom  of  the  flask  and  the  end  of  the  capillary  pressure 
regulator  could  not  be  conveniently  controlled.  In  the 
apparatus  finally  chosen  the  rubber  stopper  was  replaced  by  a 
standard  taper  ground-glass  joint. 

When  hydrogen  sulfide  is  titrated  directly  with  standard  iodine 
using  starch  as  indicator  the  end  point  is  very  poor,  owing  to  the 
appearance,  in  the  solution,  of  a  permanent  reddish  color  which 
obscures  the  blue  of  the  end  point.  The  color  is  probably  caused 
by  the  adsorption  of  some  compound  of  iodine  and  sulfur  on  the 
starch  molecule.  As  evidence  of  this  it  is  noted  that  very  little 
free  sulfur  appears  during  the  titration  of  those  solutions  which 
contain  starch.  Experiments  indicated  that  the  red  color  is 
more  pronounced  the  colder  the  solution  and  the  greater  the  salt 
concentration,  especially  if  the  salt  is  an  iodide.  It  was  found 
that  in  the  titration  of  hydrogen  sulfide  in  solutions  containing  but 
small  quantities  of  salts  the  red  color  could  be  almost  completely 
eliminated  by  adding  about  0.5  mg.  of  mercuric  iodide  or  mercuric 
chloride  to  the  solution  or  by  titrating  at  35°  C.  to  40°  C.  Un¬ 
fortunately,  the  addition  of  mercury  caused  the  results  to  be 
slightly  low,  probably  because  of  the  conversion  of  part  or  all  of 
the  mercury  to  sulfide.  Because  of  this,  and  the  fact  that  the 
use  of  mercury  salts  is  not  very  effective  in  the  presence  of 
appreciable  quantities  of  salts,  the  problem  was  not  considered 
further. 

The  best  method  for  titrating  hydrogen  sulfide  is  that  in  which 
an  excess  of  iodine  is  added,  followed  by  back-titration  with  thio¬ 
sulfate  using  starch  as  indicator.  This  method  has  the  advantage 
that  the  end  point  is  good  and  the  danger  of  loss  of  hydrogen 
sulfide  can  be  greatly  reduced  by  rapid  overtitration  with  iodine 
using  a  fast  flowing  buret. 

It  will  be  seen  in  the  procedure  that  no  extra  iodide  is  added  to 
the  solution  previous  to  titration,  as  is  sometimes  done  in  direct 
titrations  of  sulfide  with  iodine.  This  addition  is  unnecessary 
and  in  fact  is  purposely  omitted  in  the  method  because  a  con¬ 
siderable  amount  of  hydriodic  acid  comes  over  with  the  hydrogen 
sulfide,  and  any  further  addition  of  iodide  is  detrimental  to  the 
starch-iodine  end  point. 

The  two  gravimetric  methods  most  often  used  for  the 
determination  of  sulfur  in  rubber  stocks  which  are  free  from 
barium  and  large  amounts  of  lead  and  calcium  are  those  of 
Wolesensky  (3,  hereinafter  called  the  perchloric  acid  method), 
and  Kratz,  Flower,  and  Coolidge  ( 1 ,  hereinafter  called  the 
A.  S.  T.  M.  method).  In  the  analysis  of  representative 


samples  of  natural  and  synthetic  rubber  stocks  these  two 
methods  give  results  which  are  in  good  agreement.  In  like 
manner  it  was  found  (see  Table  II)  that  results  obtained  by 
the  proposed  volumetric  method  and  the  perchloric  acid 
method  check  very  well,  although  as  would  be  expected  from 
the  data  in  Table  I,  the  volumetric  method  gives  somewhat 
lower  results. 

In  agreement  with  Wolesensky  it  was  found  that  great 
care  must  be  taken  to  prevent  loss  of  sulfur  during  the  diges¬ 
tion  of  rubber  samples  with  nitric  and  perchloric  acids.  The 
loss  is  negligible  if  the  sample  is  digested  slowly  in  a  long¬ 
necked  Kjeldahl  flask.  When  a  small  Erlenmeyer  flask  is 
used,  however,  the  loss  may  amount  to  1  or  2  per  cent  (when 
the  new  volumetric  method  is  used  for  the  final  determina¬ 
tion),  unless  the  digestion  is  slow  and  the  flask  is  kept  com¬ 
pletely  covered  with  a  watch  glass  until  all  organic  matter  is 
expelled.  In  the  procedure  an  attempt  has  been  made  to 
minimize  this  loss  by  delaying  the  addition  of  the  perchloric 
acid  until  most  of  the  readily  oxidizable  material  has  been 
oxidized.  After  oxidation  of  the  organic  material  the  sample 
can  be  taken  to  copious  fumes  of  perchloric  acid  without  loss 
of  sulfur,  providing  an  excess  of  zinc  is  present.  This  sug¬ 
gests  that  the  sulfur,  which  is  lost  during  the  digestion  of  the 
organic  matter,  has  not  been  oxidized  to  sulfate.  No  loss  of 
sulfur  is  encountered  when  the  A.  S.  T.  M.  method  is  used. 


Table  II.  Determination  of  Total  Sulfur  in  Natural  and 
Synthetic  Rubber  Using  Proposed  Volumetric  Method 

. - -Per  Cent  Sulfur  Found - • 


Gravimetric 

New  Volumetric  Method 

Rubber 

HClOi 

HCIO, 

A.  S.  T.  M. 

No. 

Sample 

method 

oxidation 

oxidation 

1 

Buna  S  gum  stock 

0.19 

0.19 

2 

0.19 

0.20 

3 

Gum  rubber  1 

0.63 

0.62 

0.63 

4 

0.63 

0.62 

0.62 

5 

Gum  rubber  2 

1.88 

1.87 

1.85 

6 

1.88 

1.86 

1.87 

7 

Gum  rubber  3 

3.55 

3.52 

3.50 

8 

3.55 

3.48 

3.50 

9 

3.55 

3.47 

3.48 

Experimental 

A  standard  solution  of  potassium  sulfate  was  prepared  by  dis¬ 
solving  0.6780  gram  of  the  pure  dry  salt  in  water  and  diluting  to  1 
liter  in  a  volumetric  flask.  Aliquot  portions  of  the  solution  were 
evaporated  to  dryness  in  125-ml.  Erlenmeyer  flasks.  The  sam¬ 
ples  were  then  analyzed  for  sulfur  as  directed  in  the  procedure, 
except  that  an  acid  mixture  of  the  following  proportions  was  used: 
100  ml.  of  hydriodic  acid  (specific  gravity  1.70),  100  ml.  of  hydro¬ 
chloric  acid,  25  ml.  of  hypophosphorous  acid  (50  per  cent),  and 
25  ml.  of  perchloric  acid  (60  per  cent).  The  results  are  shown  in 
Table  I. 

Four  representative  types  of  rubber  stocks  (containing  no 
barium,  lead,  or  calcium)  were  analyzed  for  sulfur  as  directed 
in  the  procedure.  Results  were  obtained  using  both  the 
A.  S.  T.  M.  and  the  perchloric  acid  methods  of  oxidation. 
The  samples  were  also  analyzed  by  the  gravimetric  per¬ 
chloric  acid  method.  The  results  are  given  in  Table  II. 
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Determination  of  Combined  Formaldehyde  in 
Organic  Compounds  and  in  Cellulose  Formals 
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Combined  formaldehyde  can  be  determined 
in  organic  compounds  and  in  cellulose 
formals  by  a  method  that  omits  distillation 
and  determines  formaldehyde  in  the  hy- 
drolyzate  by  Blaedel  and  Blacet  proce¬ 
dure  adapted  to  photoelectric  colorimeter. 


STANDARD  methods  for  the  determination  of  formalde- 
5  hyde  usually  require  distillation  with  acid  in  order  to  iso- 
te  the  formaldehyde.  Organic  compounds  contaming 
mbined  formaldehyde  yield  formaldehyde  quantitatively 
aen  hydrolyzed  in  the  presence  of  sulfuric  acid.  In  the 
ethod  presented  distillation  is  omitted  and  the  formaldehyde 
determined  in  the  hydrolyzate  by  the  Blaedel  and  Blacet 
)  procedure  adapted  to  a  photoelectric  colorimeter  in  which 
magenta  color  is  developed  by  use  of  Schiff’s  reagent.  Cor- 
ct  results  may  be  obtained  even  in  the  presence  of  consider- 
>le  amounts  of  other  aldehydes.  Amounts  of  formaldehyde 
itween  0.01  and  0.10  mg.  may  be  determined  in  5  ml.  of 
lution.  Thus  the  method  is  applicable  to  large  samples 
intaining  low  concentrations  or  to  small  samples  containing 
gh  concentrations  of  formaldehyde  (Table  I). 


Table  I.  Typical  Analytical  Data 

Compound 

methylene-d-mannitol,  m.  p.  (corr.) 

132°  C.,  C*HnO« 

icetyldimethylene-d-mannitol,  m.  p. 

'corr.)  164—5°  C.,  Ci+iisOs 
inethylene-d-dulcitol,  m.  p.  (corr.) 

!48-9.5°  C.,  CaHitOs 

icetyldimethylene-d-dulcitol°,  m.  p. 

corr.)  256—62°  C.,  CuHisOs 
imethylene-d-sorbitol,  m.  p.  (corr.) 

204-6°  C.,  CoHuO, 
ioxy methylene,  CsH#0» 

hylal,  C3H12O2 
llulose  formal  (1) 

llulose  formal  (2) 

Methylethylidene  glucoside,  m.  p.  (corr.) 

186-8°  C.,  C.HisO. 
illulose 

irmaldehyde,  14  mg.  per  liter  +  200  mg.  of 
acetaldehyde 

irmaldehyde,  14  mg.  per  liter  +  200  mg.  of 
propionaldehyde 
letaldehyde  (200  mg.) 
opionaldehyde  (200  mg.) 

«  Compound  probably  impure.  Haskins 

.  p.  (corr.)  of  264-265°  C  ,  .  .  . 

6  Values  obtained  by  distillation  followed  by  dimedone  precipitation 
ethod. 


Formaldehyde 

Theory 

Found 

Error 

% 

% 

% 

41.29 

41.2 

-0.2 

41.2 

-0.2 

20.3 

+  0.5 

20.69 

20.8 

+0.5 

29.1 

-0.1 

29.13 

29.0 

-0.4 

20.0 

-3.3 

20.69 

20.0 

-3.3 

41.29 

40.9 

-0.9 

100.0 

99.6 

-0.4 

100.3 

+0.3 

28.84 

28.4 

-1.6 

0 . 356 

0.34 

-2.9 

0.34 

-2.9 

1.96  b 

1.99 

+  1.5 

1.99 

+  1.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

100.0 

100.3 

+  0.3 

100.0 

100.3 

+  0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

,  Hann, 

and  Hudson 

(2)  give 

With  12  N  sulfuric  acid,  a  constant  maximum  yield  of 
irmaldehyde  is  reached  in  16  hours  or  less  from  cellulose 
ormals  at  room  temperature,  but  16  days  are  required  to 
ttain  theoretical  yields  of  formaldehyde  from  trimethylene- 
-mannitol  and  similar  compounds.  For  lower  concentrations 
f  acid  longer  time  is  required.  However,  on  heating  at 
'0°  C.  these  latter  compounds,  as  well  as  cellulose  formals, 
ield  formaldehyde  quantitatively  in  2  hours  (Table  II). 
i'urther  heating  of  cellulose  formals  with  12  N  sulfuric  acid 


produces  darkening  of  the  solutions  and  gives  lower  values. 
For  this  reason,  heating  for  2  hours  at  90°  C.  is  recommended 
as  a  general  procedure,  but  for  cellulose  formals  (samples 
analyzed  contained  less  than  2  per  cent  of  formaldehyde)  over¬ 
night  treatment  with  12  N  sulfuric  acid  at  room  temperature 
is  satisfactory. 


Table  II.  Formaldehyde  Yield  at  90°  C. 


Formaldehyde 


2 

5 

8 

16 

24 

Material 

Theory 

hours 

hours 

hours 

hours 

hours 

Trimethylene-d-mannitol 

41.29 

41.4 

41.1 

40.9 

40.7 

40.8 

41.2 

40.7 

41.9 

39.9 

Dimethylene-d-d  ulcitol 

29.13 

29.1 

29.0 

29.0 

28.9 

29.2 

28.8 

28.6 

28.6 

28.3 

Cellulose  formal 

1.52 

1.53 

1.40 

1.28 

The  size  of  sample  is  selected  to  yield  a  concentration  of  for¬ 
maldehyde  of  approximately  0.05  mg.  in  5  ml.  of  the  hydrolyzate. 
It  is  desirable  to  set  up  a  series  of  standards  containing  amounts 
of  formaldehyde  ranging  from  0.01  to  0.10  mg.  in  5  ml.  and  to  de¬ 
velop  the  color  in  them  at  the  same  time  as  in  the  unknowns  by 
adding  6  ml.  of  10  N  sulfuric  acid  and  10  ml.  of  the  fuchsin-sulfite 
reagent.  This  reagent  ( 1 )  is  prepared  by  dissolving  0.5  gram  of 
fuchsin  (rosaniline  hydrochloride)  in  500  ml.  of  water,  adding 
5.15  grams  of  sodium  acid  sulfite,  allowing  to  stand  15  minutes, 
adding  17  ml.  of  6  A  hydrochloric  acid,  and  allowing  to  stand  at 
least  3  hours  before  using.  The  reagent  is  stable  for  at  least  a 
month.  The  tubes  are  allowed  to  stand  from  2  to  2.5  hours, 
during  which  time  the  color  given  by  higher  straight-chain  alde¬ 
hydes  and  their  polymers  fades  completely,  though  fading  of  the 
color  given  by  formaldehyde  is  not  appreciable  ( 1 ).  The  trans¬ 
mission  is  then  determined  and  plotted  against  milligrams  of  form¬ 
aldehyde  to  give  a  curve  like  the  one  shown  in  Figure  1  The 
formaldehyde  solution  used  for  the  preparation  of  the  standards  is 
standardized  by  dimedone  (5,5-dimethylcyclohexanedione-l,3) 
precipitation  according  to  Yoe  and  Reid  (4). 

When  color  is  developed  by  adding  fuchsin-sulfite  reagent 
to  known  amounts  of  formaldehyde,  a  definite  and  reproduci¬ 
ble  curve  rather  than  a  straight  line  is  obtained  when  either 
the  transmission  or  the  logarithm  of  the  transmission  is 
plotted  against  the  concentration.  Other  color  reagents  for 
formaldehyde,  such  as  phloroglucinol  in  basic  solution  and 
phenylhydrazine  hydrochloride  in  either  acid  or  basic  solu¬ 
tion,  also  fail  to  give  straight  lines  and  the  curves  are  not  so 
nearly  reproducible  as  those  obtained  with  fuchsin-sulfite 
reagent. 


Experimental 

Crystalline  formals  of  known  composition  were  prepared  from 
the  corresponding  alcohols  by  the  method  described  by  Haskins, 
Hann,  and  Hudson  (2).  They  were  purified  to  constant  melting 
points  by  recrystallization  and  their  identities  were  further  veri¬ 
fied  by  carbon  and  hydrogen  determinations.  The  ethylal  was 
purified  by  distillation. 

The  data  presented  in  Table  I  were  obtained  by  weighing  accu¬ 
rately  20  to  40  mg.  of  the  crystalline  compounds,  transferring  to 
1-liter  volumetric  flasks,  and  dissolving  in  and  making  to  volume 
with  12  N  sulfuric  acid.  Portions  of  the  solution  were  poured 
into  glass-stoppered  250-ml.  Erlenmeyer  flasks,  stopjiered  tightly, 
and  placed  in  a  constant-temperature  oven  at  90°  C.  After  2 
hours  the  flasks  were  removed  and  cooled,  and  5-ml.  aliquots  were 
pipetted  into  matched  tubes  of  an  Evelyn  photoelectric  colorim- 
eter,  provided  with  filter  No.  565  (Corning  Glass  Co.).  To  each 
were  added  6  ml.  of  water  (6  ml.  of  10  N  sulfuric  acid  to  the  stand¬ 
ards)  and  10  ml.  of  the  fuchsin-sulfite  reagent.  After  addition 
of  the  reagent,  the  tubes  were  allowed  to  stand  from  2  to  2.5 


605 


606 


INDUSTRIAL  AND  ENG 


Figure  1.  Typical  Working  Curve 


hours  and  the  transmission  was  determined.  Spectrophoto- 
metric  curves  of  the  color  developed  indicated  that  filter  565, 
whose  transmission  limits  are  550  to  585  mg,  is  the  correct  filter  to 
use. 

In  the  case  of  cellulose  formals,  about  0.1  gram  of  the  material 
was  accurately  weighed  and  placed  in  250-ml.  glass-stoppered 
Erlenmeyer  flasks.  Exactly  100  ml.  of  12  N  sulfuric  acid  were 
added  to  each  flask,  and  the  flasks  were  placed  in  a  constant- 
temperature  oven  at  90°  C.  for  2  hours  or  allowed  to  stand  over¬ 
night  at  room  temperature.  Formaldehyde  was  determined  on 
5-ml.  aliquots  of  the  solution  as  described  above.  Solution  of  the 
sample  was  not  necessary  for  correct  results.  Since  cellulose 
formals  of  known  composition  were  not  available,  the  results 
obtained  by  the  method  described  here  were  compared  with  the 
values  determined  by  distilling  the  formaldehyde  by  the  method 
of  Wood  (S),  followed  by  determination  of  formaldehyde  in  an 
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aliquot  of  the  distillate  by  dimedone  precipitation  according  i 
Yoe  and  Reid  (4)- 

The  data  in  Table  I  show  that  acetaldehyde  or  propionald< 
hyde  did  not  interfere  with  the  determination.  /3-Methy 
ethylidene  glucoside  and  cellulose,  both  of  which  produt 
aldehyde  groups  but  no  formaldehyde  on  acid  hydrolysis,  ga\ 
zero  values.  Good  agreement  was  obtained  between  tt 
analysis  of  cellulose  formals  by  the  colorimetric  and  dirnedor 
gravimetric  methods. 

In  order  to  determine  how  small  a  sample  it  was  practical  t 
use,  5.840-  and  6.207-mg.  samples  of  trimethylene-d-mannit< 
were  weighed  on  the  microbalance,  placed  in  250-ml.  volumetri 
flasks,  and  made  to  volume  with  12  N  sulfuric  acid.  The  flask 
were  placed  in  a  constant-temperature  oven  at  90°  C.  for  2  houi 
and  cooled.  Using  5-ml.  aliquots  and  the  above-describe 
colorimetric  procedure,  values  of  40.6  and  41.0  per  cent  formaldt 
hyde  were  obtained.  Samples  of  0.062  and  0.127  mg.,  smalk 
than  those  commonly  used  for  microanalysis,  were  weighed  o 
the  microbalance,  placed  in  matched  tubes  of  the  colorimeter,  an 
5-ml.  portions  of  12  N  sulfuric  acid  were  added  with  a  pipet.  Th 
stoppered  tubes  were  heated  at  90°  C.  for  2  hours  and  the  cole 
was  developed,  giving  values  of  39  and  40  per  cent  of  formalde" 
hyde,  respectively.  Considering  the  very  small  samples  usee  • 
these  values  are  in  satisfactory  agreement  with  the  theoretic!  j 
value  of  41.29  per  cent. 
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NOTE  ON  ANALYTICAL  PROCEDURE 


Stability  of  the  Nickelous-Ammonia  Color  System 

J.  P.  MEHLIG,  Oregon  State  College,  Corvallis,  Ore.,  AJND  R.  E.  KITSON,  Purdue  University,  Lafayette,  Ind. 


IN  DEVELOPING  a  colorimetric  method  for  the  deter¬ 
mination  of  nickel  in  steel  with  ammonia  Ayres  and 
Smith  (I)  found  no  change  in  the  color  of  the  system  after 
150  hours.  In  a  spectrophotometric  study  of  this  method  the 
senior  author  of  this  paper  found  that  there  was  no  evidence 
whatever  of  fading  or  other  color  change  over  a  period  of  4 
weeks  (£?). 

For  the  purpose  of  further  study  the  six  solutions  which 
had  been  used  in  this  test  (2),  containing  100,  200,  300,  500, 
1000,  and  1500  p.  p.  m.  of  nickel  in  1.5  M  ammonium  hy¬ 
droxide,  were  allowed  to  stand  55  weeks  longer  in  glass- 
stoppered  Pyrex  bottles  in  diffuse  light.  Spectral  trans¬ 
mission  curves  were  then  made  with  the  self-recording 
photoelectric  spectrophotometer  at  Purdue  University,  and, 
when  compared  with  the  curves  given  by  the  corresponding 
freshly  prepared  solutions,  were  found  to  be  very  similar. 
From  the  transmittancy  at  582  mg,  the  wave  length  of  maxi¬ 
mum  absorption  for  this  system,  the  percentage  error  in  the 
apparent  concentration  of  nickel  was  calculated  (2)  by  use 
of  the  special  color  slide  rule. 


The  range  of  apparent  change  in  concentration  of  the 
nickel  was  from  —0.7  to  +7.1  per  cent  (average  3.0  per  cent), 
thus  showing  that  the  color  of  the  system  is  practically  un¬ 
changed  after  59  weeks.  The  percentage  error  is  less  in  the 
more  concentrated  solutions  (S).  Such  marked  stability 
makes  possible  the  use  of  a  series  of  permanent  standards, 
which  must,  however,  be  kept  tightly  stoppered  to  prevent 
loss  of  ammonia.  The  action  of  ammonia  on  the  glass  is  re¬ 
duced  to  a  minimum  when  Pyrex  containers  are  used . 
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APPARATUS 

EQUIPMENT 


Electro-Stripper 

The  efforts  to  reduce  the  thickness  of  tin  coating  applied  to  steel 
eet  have  necessitated  new  methods  of  analysis  in  the  laboratory, 
errors  inherent  in  older  methods  are  proportionately  higher  when 
je  thickness  of  the  tin  coating  is  reduced.  The  Bendix  Electro- 


Stripper  has  been  developed  for  the  determination  of  tin  coating 
according  to  the  method  developed  by  Bendix,  Stammer,  and  Carle 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  15,  501  (1943)]  and  is  available  from 
the  Wilkens-Anderson  Co.,  Ill  North  Canal  St.,  Chicago  6,  Ill. 
With  it  one  operator  may  handle  200  determinations  in  one  day. 


>■ 


Multiple-Unit  Combustion  Furnace 

Incident  to  the  stepped-up  production  of  high-octane  aviation 
soline  essential  to  the  war  program,  the  Universal  Oil  Products 
i.,  Chicago,  Ill.,  has  developed  a  multiple-unit  electrically  heated 
mbustion  furnace  offering  several  novel  features.  The  equipment 
manufactured  by  the  Precision  Scientific  Co.,  1750  North  Spring- 
Id  Ave.,  Chicago. 

Although  designed  specifically  for  the  determination  of  carbon  on 
icking  catalysts  used  for  producing  high-octane  aviation  gasoline, 
i  equipment  is  modifiable  to  handle  a  wide  variety  of  organic  com- 
stions  within  the  temperature  limit  of  540°  C.  (1000°  F.). 

Briefly,  the  equipment  comprises  (1)  oxygen-purification  system  for 
nbustion  gases;  (2)  oxygen  pressure-regulating  column;  (3) 
ctrically  heated  furnace  24  inches  long,  with  four  combustion  tubes 
ach  in  diameter  and  30  inches  long.  Heating  intensity  for  each  half 
each  tube  is  independently  controlled,  and  temperature  of  any  tube 
l  be  readily  observed  by  means  of  an  indicating  pyrometer;  (4) 
iventional  absorption  trains  with  calcium  chloride  for  absorption 
moisture  and  Ascarite  for  removal  of  carbon  dioxide. 
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BOOK  REVIEWS 


Frontiers  in  Chemistry,  Volume  I.  The  Chemistry  of  Large  Mole¬ 
cules.  Edited  by  R.  E.  Burk  and  Oliver  Grummitt.  xii  +  313 

pages.  Interscience  Publishers,  Inc.,  New  York,  N.  Y.,  1943. 

Price,  $3.50. 

This  is  a  collection  of  the  substances  of  12  lectures,  presented  by 
six  outstanding  American  chemists  at  Western  Reserve  University 
early  in  1942. 

In  the  first  chapter,  by  H.  Mark,  the  mechanism  of  polymerization 
reactions  is  ably  discussed,  with  emphasis  on  the  kinetic  theory 
equations  on  which  the  interpretation  of  such  reaction  mechanisms 
is  based  and  on  the  assumptions  underlying  them.  In  the  second 
chapter,  Professor  Mark  presents  a  clear  and  useful  summary,  in 
nontechnical  language,  of  the  results  of  x-ray  investigations  of  high 
polymers. 

E.  O.  Kraemer  contributes  an  interesting  discussion  of  the  viscosity 
of  solutions  of  macromolecules  and  of  the  diffusion  of  these  molecules 
in  such  solutions.  He  then  presents  an  authoritative  critical  account 
of  the  application  of  the  ultracentrifuge  to  the  study  of  the  sizes  and 
shapes  of  large  molecules. 

A.  Tobolsky,  R.  E.  Powell,  and  H.  Eyring,  in  an  outstanding 
chapter  on  “Elastic-Viscous  Properties  of  Matter”,  first  outline, 
with  the  appropriate  mathematical  equations,  a  general  procedure 
for  the  semiquantitative  theoretical  treatment  of  properties  involving 
flow;  they  then  apply  this  procedure,  and  others  involving  statistical 
methods,  to  the  interpretation  of  various  properties  of  systems  con¬ 
taining  giant  molecules.  Rubberlike  elasticity  and  the  viscosity 
and  thermodynamic  properties  of  solutions  of  long-chain  polymers 
are  especially  considered. 

R.  M.  Fuoss  presents  an  excellent  treatment  of  “The  Electrical 
Properties  of  High  Polymers”,  showing  how  the  variation  of  dielectric 
constant  and  loss  factor  with  temperature  and  with  frequency  is 
related  to  the  polymer  structure. 

C.  S.  Marvel  gives  a  fine  discussion  of  the  “Organic  Chemistry  of 
Vinyl  Polymers”,  dealing  especially  with  the  evidence,  obtained  by 
classical  organochemical  methods,  regarding  the  sequence  of  groups 
in  vinyl  polymer  chains. 

E.  Ott,  in  the  final  chapter,  contributes  an  admirable  summary  of 
the  “Chemistry  of  Cellulose  and  Cellulose  Derivatives”,  correlating 
the  chemical  properties  of  these  substances  with  their  structures. 

Western  Reserve  University,  the  publishers,  the  editors,  and  the 
authors  are  all  to  be  congratulated  on  this  interesting  and  useful  ad¬ 
dition  to  the  literature  on  giant  molecules. 

Maurice  L.  Huggins 


four — chloride,  nitrate,  sulfate,  and  carbonate.  Obviously,  re: 
qualitative  analysis  of  complicated  unknowns  is  not  contemplate! 
Each  group  of  procedures  includes  supplementary  experiments  di 
signed  to  illustrate  the  fundamental  principles  emphasized. 

As  a  whole,  the  book  reflects  the  careful  writing  characterizing  th 
authors’  previous  text  on  quantitative  analysis.  It  is  clear,  concis- 
and  conservative.  To  the  reviewer,  it  looks  teachable  in  the  kin 
of  course  for  which  it  was  written. 

M.  G.  Mello 


Methods  for  Tungsten  Analysis 

The  Bureau  of  Mines  has  published  a  report  on  methods  < 
analyzing  tungsten  ores,  particularly  those  from  low-grade  di 
posits  now  being  explored  because  of  a  great  wartime  deman 
for  the  steel-hardening  metal. 

Analyses  of  the  tungsten  content  of  low-grade  ores  ofte 
have  varied  widely  and  have  led  to  confusion.  Dependable  met! 
ods  of  analysis  applicable  to  all  types  of  these  ores  are  essentia 
to  determine  which  are  worth  treating  and  to  regulate  tb 
method  of  treatment  to  assure  the  best  recovery.  To  fill  th 
need  the  report  describes  in  detail  three  methods  tried  an 
proved  in  the  Bureau  of  Mines  laboratory  at  Salt  Lake  Citi 
the  standard  cinchonine  method,  the  tannic  acid— antipyrir 
method,  and  a  third  method  combining  the  first  two. 

The  combination  method  was  found  most  suitable  for  all  tyjx 
of  low-grade  tungsten  ores  and  now  is  in  use  at  the  laborator 
The  time  required  for  analysis  is  less,  the  amount  of  cinchonir 
needed  is  reduced,  and  the  final  precipitation  of  tungsten  ii 
variably  is  complete. 

A  procedure  for  recovering  the  cinchonine,  a  reagent  n< 
readily  available,  also  is  outlined. 

A  copy  of  Report  of  Investigation  3709,  “The  Determinatic 
of  Tungsten  in  Low  Grade  Ores”,  by  H.  E.  Peterson  and  W.  1 
Anderson,  may  be  obtained  from  the  Bureau  of  Mines,  Depar 
ment  of  the  Interior,  Washington,  D.  C. 


Inorganic  Qualitative  Analysis.  H.  A.  Fales  and  Frederic  Kenny. 

First  edition,  ix  +  237  pp.,  39  figures,  14  X  21  cm.  D.  Appleton- 

Century  Co.,  New  York,  N.  Y.,  1943.  Price,  $2.65. 

The  announced  purpose  of  this  book  “is  to  present  some  important 
fundamental  principles  of  chemistry  and  to  use  as  a  framework  for 
the  study  of  these  principles  well-tried  and  well-established  quali¬ 
tative  analytical  procedures”. 

The  principles,  covering  seven  chapters  and  including  a  total  of 
155  numerical  problems,  deal  with  general  considerations,  types  of 
compounds,  strong  and  weak  electrolytes,  hydrolysis  of  salts,  solu¬ 
bility  product,  complex  ions,  and  oxidation-reduction  theory.  This 
presentation  seems  adequate  for  a  professed  one-semester  book.  A 
schedule  is  included  to  correlate  the  class  and  laboratory  work. 

Laboratory  directions,  for  work  on  a  semimicro  scale,  cover  74 
pages.  Conventional  procedures  include  23  cations,  but,  as  usual, 
the  alloying  metals  in  steel  are  slighted.  The  anions  are  limited  to 


WPB  Form  for  Reagent  Chemicals 


A  standard  form  of  certification  as  to  the  uses  of  reagei 


IL 

chemicals  ordered  by  research  and  other  laboratories  is  provide 
by  Order  P-135-A,  issued  August  5  by  the  War  Production  Boar 
The  order  also  provides  that  each  laboratory  shall  be  entitled  i 
the  full  small-order  exemption. 

Under  the  standard  form  the  purchaser  certifies  to  the  sell' 
and  to  WPB  “that  the  reagent  chemicals  called  for  by  this  ord* 
will  be  used,  or  resold  for  use,  in  a  laboratory  for  one  or  more 1 
the  following  purposes:  analysis,  testing,  control,  educational,  < 
research”. 
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Analysis  by  Infrared  Spectroscopy 

A  New  Method  Applied  to  Mixtures  of  Nitroparaffins 

J.  RUD  NIELSEN  AND  DON  C.  SMITH1 
University  of  Oklahoma  Research  Institute,  Norman,  Okla. 


A  method  of  analysis  by  infrared  spectros¬ 
copy  is  described,  which  is  applicable,  if 
Beer’s  law  holds,  and  a  set  of  wave  lengths 
can  be  found  such  that  at  each  wave  length 
only  one  component  of  the  mixture  has 
strong  absorption  while  the  other  compo¬ 
nents  have  weak  absorption.  This  method 
gives  a  high  degree  of  accuracy  with  a  mini¬ 
mum  of  computational  work.  Its  applica¬ 
tion  to  certain  ternary  mixtures  of  the  four 
lowest  nitroparaffins  is  described. 


ECENT  improvements  in  apparatus  and  technique  have 
made  it  feasible  to  apply  infrared  absorption  spectra  to  the 
ualysis  of  mixtures  of  chemical  compounds  ( 1 ,  2,  3,  9).  In 
l;veral  industrial  laboratories  isomeric  and  other  mixtures  of 
ompounds  which  are  difficult  to  differentiate  by  other  means  are 
low  analyzed  in  this  manner. 

Infrared  methods  of  quantitative  analysis  of  binary  mixtures 
re  particularly  simple  and  can  be  applied  even  when  the  mix- 
ires  do  not  follow  Beer’s  law.  Wright  (9)  has  discussed  several 
rocedures  suitable  for  industrial  use. 

When  more  components  are  present  it  may  be  possible  to  find 
>r  each  compound  a  wave  length  at  which  that  compound  has 
rong  absorption  while  all  the  other  compounds  have  negligible 
osorption.  When  that  is  the  case  each  component  can  be  de- 
:rmined  separately  by  the  simple  methods  used  for  binary  mix- 
ires  ( 1 ).  Unfortunately,  this  condition  can  seldom  be  realized 
ith  sufficient  accuracy,  and  the  general  methods  of  analysis  of 
mlticomponent  mixtures  involve  much  time-consuming  compu- 
itional  labor. 

In  many  cases,  however,  a  set  of  wave  lengths  can  be  found 
ich  that  at  each  wave  length  only  one  component  of  the  mixture 
as  strong  absorption  while  the  other  components  have  weak 
bsorption.  In  the  present  paper  a  simple  and  practical  method 
f  analysis  is  described  which  is  applicable  to  such  cases,  pro- 
ided  Beer’s  law  holds,  and  which  gives  a  high  degree  of  accuracy 

^  1  Present  address,  Naval  Research  Laboratory,  Washington,  D.  C. 


with  a  minimum  of  computational  work.  This  method  is  applied 
here  to  certain  ternary  mixtures  of  the  four  lowest  nitroparaffins, 
and  it  can  be  generalized  so  as  to  apply  to  mixtures  of  any  num¬ 
ber  of  components. 

Various  experimental  factors,  which  must  be  considered  in  ac¬ 
curate  analytical  work,  are  also  discussed. 

Apparatus 

The  infrared  spectrograph  used  was  practically  identical  with 
that  described  by  Wright  (9).  The  60°  rock-salt  prism  had  faces 
10  by  8  cm.  and  the  collimating  parabolic  mirror  had  a  focal 
length  of  91.4  cm.  (36  inches).  A  water-cooled  Nernst  glower 
operating  on  a  voltage-stabilized  line  served  as  the  source  of 
radiation.  A  Weyrich  compensated  vacuum  thermocouple 
served  as  receiver.  The  primary  galvanometer  deflections 
were  amplified  by  a  balanced  photovoltaic  cell  device.  The  pri- 


Figure  1.  Part  of  a  Record  of  the  Infrared  Spectrum  of 
2-N  itropropane 

Wave  length  region,  12.45  to  10.06m.  Upper  trace  recorded  with  no  cell  in 
radiation  path,  lower  traces  with  0.06-ram.  cell  in  path 
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mary  galvanometer  and  the  amplifier  were  mounted  on  a  large 
Mueller  support  ( 6 ,  7)  placed  on  a  basement  pillar.  The  second¬ 
ary  galvanometer  was  mounted  on  a  smaller  Mueller  support 
about  2.5  meters  from  the  recording  camera.  The  deflections 
could  also  be  read  on  a  scale. 

The  fixed-thickness  absorption-cells  and  the  precision  variable¬ 
thickness  cell  used  will  be  described  elsewhere. 


Infrared  Absorption  Spectra  of  Nitromethane, 
Nitroethane,  2-Nitropropane,  and  1-Nitropropane 


The  four  lowest  nitroparaffins  were  selected  for  this  work  be¬ 
cause  of  their  commercial  and  scientific  importance  ( 5 ).  These 
compounds  are  all  similar,  two  of  them  being  isomers,  and  their 
boiling  point  range  is  rather  narrow,  necessitating  lengthy  frac¬ 
tionation  for  complete  separation. 

Since  the  only  available  data  on  the  infrared  absorption  spectra 
of  the  nitroparaffins  were  the  early  measurements  by  Coblentz 


WAVELENGTH  IN  MICRONS 


(4)  on  nitromethane  and  nitroethane  and  the  data  of  Wells  anc 
Wilson  ( 8 )  for  gaseous  nitromethane,  the  first  step  in  the  preseni 
work  was  a  careful  investigation  of  the  spectra  of  the  four  com¬ 
pounds  in  the  liquid  state.  The  materials,  which  had  been  puri 
fied  by  fractionation  in  a  long  column,  were  kindly  supplied  b\ 
the  Commercial  Solvents  Corporation. 

Figure  1  shows  a  portion  of  a  record  obtained  with  liquid  2- 
nitropropane.  The  upper  curve  is  obtained  with  no  absorptioi 
cell  in  the  light  path.  The  vertical  distance  between  this  cum 
and  a  line  drawn  through  the  zero  positions  gives  the  emissior 
intensity,  70,  as  a  function  of  wave  length.  The  lower  curves  arc 
obtained  with  a  cell  of  0.07-mm.  thickness  filled  with  2-nitro- 
propane  placed  in  front  of  the  entrance  slit.  From  these  curve; 
and  the  corresponding  zero  lines  the  intensity  of  the  transmittec 
radiation,  I,  is  determined.  In  Figure  2  the  per  cent  transmission 
100  7//0,  has  been  plotted  against  wave  length.  Since  these 
curves  are  used  here  only  for  choosing  the  wave  lengths  mosi 
suitable  for  analysis,  the  per  cent  transmission 
has  not  been  corrected  for  background  radiatioi 
nor  for  losses  due  to  the  cell  windows. 

The  following  characteristic  bands  were  chosei 
as  the  most  favorable  for  analysis:  nitro¬ 
methane  10.90^,  nitroethane  10.06m,  2-nitropropam 
11.74m,  1-nitropropane  8.15m.  A  glance  at  the 
curves  will  show  that  at  each  of  these  wav< 
lengths  the  compound  indicated  has  intense  ah 
sorption,  whereas  none  of  the  other  compound: 
absorbs  strongly.  This  choice  allows  the  deter 
mination  of  each  compound  in  a  mixture  wit! 
any  of  the  three  others.  For  some  mixtures  i 
different  choice  would  permit  a  more  sensitive 
analysis,  but  would  not  lend  itself  so  well  to  the 
extension  of  the  work  to  four-component  mix 
tures.  The  most  intense  bands,  those  occurring 
around  6.5 m,  cannot  be  used  here,  since  they  an 
common  to  all  nitroparaffins. 


Analytical  Procedure 


A  consideration  of  the  boiling  points  suggestec 
the  following  analytical  problems  as  being  o 
particular  importance  in  the  control  of  nitro 
paraffin  production: 


A.  The  determination  of  nitroethane  and  2 
nitropropane  in  nitromethane. 

B.  The  determination  of  2-nitropropane  anc 
nitromethane  in  nitroethane. 

C.  The  determination  of  1-nitropropane  anc 
nitroethane  in  2-nitropropane. 

D.  The  determination  of  2-nitropropane  in  1 
nitropropane. 


Figure  2.  Infrared  Transmission  Curves  for  Four  Lowest 
N ITROPARAFFINS 


In  each  case  a  concentration  range  of  the  minoi 
components  from  0  to  7  per  cent  by  volume  wa: 
considered. 

Binary  Mixtures.  Problem  D  is  typical  o 
seven  problems  studied.  Figure  3  shows  a  recorc 
obtained  with  known  solutions  of  2-nitropropam 
in  1-nitropropane,  covering  a  small  region  arounc 
11.74m  where  2-nitropropane  has  a  strong  ab 
sorption  band.  Experimental  results  of  this  kinc 
furnish  the  basis  for  all  methods  of  infrared  spec 
troscopic  analysis,  although  these  methods  mac 
differ  considerably  in  the  manner  in  which  the 
experimental  data  are  obtained  or  utilized.  Com 
mon  to  all  of  the  methods  for  analysis  of  binarj 
mixtures  is  the  use  of  “working  curves” — i.  e. 
plots  of  the  ratio  (or  the  logarithm  of  the  ratio 
of  two  deflections  (or  differences  between  deflec 
tions)  against  concentration. 
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'he  necessary  data  may  be 
sn  from  a  record  such  as 
ure  3  or  may  be  obtained 
visual  observation.  The 
ailed  procedure  is  largely 
latter  of  experimental  cir- 
nstance  and  preference, 
less  the  detecting  and  re- 
iing  devices  of  the  spec- 
rraph  are  extremely  stable, 
ingle  measurement  cannot 
trusted  to  be  sufficiently 
orate.  Hence,  the  wave- 
;th  interval  concerned  must 
scanned  several  times,  or 
instrument  must  be  set 
the  correct  wave  length 
I  several  measurements 
en  to  obtain  an  average, 
i  number  of  readings  re- 
red  is  determined  by  the 
lility  of  the  instrument  and 
accuracy  desired.  It  is 
eved  that  in  general  the 
,t  accurate  readings  are  ob- 
led  by  setting  the  instru- 
lt  on  the  correct  wave 
;th  rather  than  by  scanning, 
e  in  the  latter  procedure 
exact  positions  of  the  deflection  zero  may  be  doubtful  except 
he  ends  of  the  region  scanned.  With  the  instrument  used  in 
present  work  the  data  obtained  by  averaging  three  or  four 
ections  with  the  instrument  at  rest  were  found  to  be  more 
orate  than  readings  obtained  with  comparable  effort  in  other 
's.  This  procedure  was  accordingly  adopted.  It  was  possible 
different  observers  to  check  galvanometer  deflections  of 
mm.  to  within  0.2  mm. 

forking  curves  for  two  binary  mixtures  are  shown  in  Figure  4 
vhich  the  extinction,  log  h/I,  for  a  suitably  chosen  wave 
dh  is  plotted  against  the  concentration  of  the  minor  cons¬ 
ent.  The  extinction  is  preferred  over  other  functions  of  the 
ection  ratio,  since  when  the  solutions  obey  Beer’s  law  a 
ight  line  is  obtained  which  minimizes  considerably  the 
k  required  for  determining  and  checking  the  working  curve, 
equires  only  about  5  minutes  to  fill  the  absorption  cell  and 
isure  its  extinction.  On  a  routine  basis  the  instrument  can 
set  on  the  correct  wave  length  and  the  straight-line  working 
/e  checked  at  two  points  in  about  15  minutes,  and  the  analy- 
then  follow  at  the  rate  of  about  ten  per  hour.  The  working 
/e  should  be  checked  occasionally,  since  it  may  shift  owing  to 
nges  in  transmission  of  the  absorption  cell  with  deterioration 
he  rock-salt  faces,  accumulation  of  dirt,  etc.  For  these  and 
:ral  other  binary  mixtures  investigated  the  error  of  the  analy- 
lever  exceeded  0.1  per  cent  of  total  sample.  The  smaller  con- 
srations  could  have  been  measured  more  accurately  with  a 
of  greater  thickness;  the  range  of  measurable  concentrations 
Id  have  been  increased  by  using  a  thinner  cell. 
ernary  Mixtures.  The  analysis  of  a  mixture  having  two 
or  components  is  made  in  three  steps:  (1)  the  presence  of  one 
or  component  is  neglected,  and  the  approximate  concentra- 
of  the  other  minor  component  is  determined  by  the  procedure 
a  binary  mixture;  (2)  the  approximate  concentration  of  the 
ected  component  is  then  determined  in  a  similar  manner; 
,  finally,  (3)  the  approximate  concentrations  of  the  two  minor 
ponents  are  corrected  for  the  error  caused  by  the  neglected 
ponent  in  each  case. 

ne  first  chooses  a  wave  length,  X',  at  which  minor  component 
as  strong  absorption  and  the  other  two  components  havo 


Figure  3.  Small  Part 
of  a  Record  Showing 
Absorption  around 
11.74m  of  Mixtures 
of  2-Nitropropane  in 
1-N  itropropane 

(a)  0.00%,  (b)  2.00%,  ( c ) 
4.00%,  ( d )  6.00%  by  volume 
of  2-nitropropane  in  1-nitro- 
propane.  Cell  thickness 
0.071  mm. 


small  absorption.  A  working  curve  is  made  for  a  binary  mix¬ 
ture  of  component  1  in  the  major  component  at  this  wave  length, 
the  extinction  of  the  ternary  mixture  is  measured,  and  the  ap¬ 
proximate  value  Ci  for  the  concentration  of  component  1  is  deter¬ 
mined  from  this  working  curve.  The  more  nearly  equal  the  ab¬ 
sorption  of  component  2  and  the  major  component  are,  the  more 
nearly  correct  will  Ci  be. 

A  wave  length,  X",  is  chosen  at  which  component  2  has  strong 
absorption  and  component  1  and  the  major  component  have  weak 
absorption.  A  working  curve  for  component  2  is  made  and  the 
approximate  concentration  c2  of  component  2  in  the  mixture  is 
determined. 

Finally,  the  corrected  concentrations  Ci  and  c2  are  determined 
by 


(1) 


where  e0',  and  el  are  the  extinction  coefficients  at  the  wave 
length,  X',  of  the  major  component  and  of  minor  components  1 
and  2,  respectively;  and  e"0,  e",  and  e'l  are  the  extinction  coeffi¬ 
cients  at  X".  Equations  1  are  derived  in  the  next  paragraph. 


Table  I.  Determination  of  2-Nitropropane  and  Nitro- 

ETHANE  IN  NlTROMETHANE 


Mixture 

C2-NP 

%  by  volume 

CNE 

A-l 

7.01 

3.07 

7.01 

2.97 

7.13 

3.07 

7.02 

3.19 

6.99 

2.97 

Av.  7.03 

3.05 

“Correct”  7.00 

3.00 

A -2 

5.03 

5.10 

4.96 

5.07 

5.25 

4.93 

5.20 

5.01 

4.99 

4.89 

Av.  5.08 

5.00 

“Correct”  5.00 

5.00 

A-3 

2.96 

6.99 

3.06 

7.09 

3.22 

7.03 

2.94 

7.12 

2.92 

6.87 

Av  3.02 

7.02 

“Correct”  3.00 

7.00 

Figure  4.  Working  Curves 

A  For  determination  of  2-nitroparaffin  in  1-nitroparaffin.  Wave 
length  11.74/1.  Slit  0.60  mm.  Cell  thickness  0.071  mm. 

B  For  determination  of  1-nitroparaffin  in  2-nitroparaffin.  Wav* 
length  8.15/1.  Slit  0.25  mm.  Cell  thickness  0.071  mm. 
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The  small  factors  (e2  —  eo)/(e(-  —  e„)  and  (e^  —  e"0)/(el  —  «o) 
need  be  determined  only  once.  The  former  may  be  conveniently 
obtained  by  dividing  the  slope  of  the  working  curve,  already 
made,  for  determining  component  1  in  the  major  component  into 
the  slope  of  a  working  curve,  made  with  the  same  cell  and  at  the 
same  wave  length,  X',  for  determining  component  2  in  the  major 
component.  The  other  correction  factor  may  be  determined 
similarly. 


Table  II.  Determination  of  Nitromethane  and  2-Nitro- 

propane  in  Nitroethane 

Mixture  cNM  c 

'2  -NP 

%  by  volume 

B-l  7.11 

3.00 

7.15 

3.23 

7.15 

3.23 

7.09 

3.11 

6.98 

3.18 

Av.  7.10 

3.15 

“Correct”  7.00 

3.00 

B-2  5.13 

5.25 

5.32 

5.40 

5.32 

5.27 

5.15 

5.26 

5.25 

5.19 

Av.  5.23 

5.27 

“Correct”  5.00 

5.00 

B-3  2.98 

7.21 

3.25 

7.20 

3.26 

7.20 

2.93 

6.91 

2.90 

7.08 

Av.  3.06 

7.12 

“Correct”  3.00 

7.00 

In  Tables  I,  II,  and  III  are  given  the  results  of  five  entirely 
independent  analyses  of  each  of  eight  ternary  mixtures.  The 

symbols  A-l,  A-2,  etc.,  designate  the  different 

mixtures.  The 

symbols  cum,  cne,  Ci  -  np,  and  c?-np  are  used  to  designate  the  con¬ 
centrations  of  nitromethane,  nitroethane,  1-nitropropane,  and 

2-nitropropane,  respectively. 

Table  III.  Determination  of  I-Nitropropane  and  Nitro- 

ETHANE  IN  2-NlTROPROPANE 

Mixture  ci  ~np 

CNE 

%  by  volume 

C-I  4.03 

2.01 

3.85 

1.81 

3.92 

2.12 

4.11 

2.12 

3.96 

1.96 

Av.  3.97 

2.01 

“Correct"  4.00 

2.00 

C-2  1 . 88 

3.95 

1.89 

3.96 

1.89 

3.88 

2.01 

3.84 

1.94 

3.93 

Av.  1 . 92 

3.91 

“Correct”  2.00 

4.00 

While  26  of  the  80  measured  concentrations  deviate  from  the 
“correct”  values  by  0.15  per  cent  by  volume  or  more,  only  9  of  the 
observed  concentrations  deviate  from  the  average  by  that 
amount.  This  indicates  that  some  of  the  values  listed  as  “cor¬ 
rect”  are  somewhat  in  error.  If  all  80  measurements  are  con¬ 
sidered,  and  if  the  fact  that  they  are  not  all  measurements  of  the 
same  quantity  is  neglected,  an  over-all  standard  deviation  for  a 
single  measurement  of  0.093  per  cent  by  volume  is  obtained. 

The  time  required  to  determine  the  working  curves  was  about 
45  minutes,  and  each  analysis  took  about  15  minutes.  In  routine 


analysis  the  working  curves  would  need  to  be  redetermined  only 
occasionally,  say,  after  sets  of  ten  or  twenty  analyses. 

Theoretical 

Beer’s  law  states  that  the  absorption  of  each  component  of  i 
mixture  is  independent  of  the  presence  of  the  other  components 
or,  more  precisely,  that  the  extinction  suffered  by  a  beam  o 
monochromatic  light  on  passing  through  a  layer  of  the  mixture 
is  a  linear  function  of  the  concentrations  of  the  individual  com 
ponents. 

Let  Figure  5  represent  an  absorption  cell  filled  with  a  liquic 
mixture.  Let  70  represent  the  intensity  of  the  incident  radia¬ 
tion,  7 o  the  intensity  of  the  radiation  transmitted  by  the  front 
window,  7'  the  intensity  of  the  radiation  having  passed  througl] 
the  liquid,  and  7  the  intensity  of  the  radiation  transmitted  by  tm 
filled  cell.  If  the  liquid  mixture  obeys  Beer’s  law, 


I'  =  I  a  x  10—  f«oco  +  eci  +  tm  + . )  l  ( 2 

where  l  is  the  thickness  of  the  liquid,  Co,  Ci,  C2, .  .  .  are  the  concen¬ 
trations  of  the  individual  components  of  the  mixture,  and  e* 
ei,  e2, ...  .  are  their  extinction  coefficients.  If  the  concentration 
are  expressed  in  moles  per  liter  and  l  in  centimeters,  the  e’s  arc 
called  molecular  extinction  coefficients.  In  this  paper  the  con 
centrations  will  be  expressed  in  per  cent  by  volume. 


Figure  5.  Absorption  Cell  (Schematic) 
Definition  of  Jo,  Jo,  J'.  and  J 


Substitution  of  the  relations 

Io  =  TJ  0 

and  7'  =  I/T2 

where  T\  and  T2  are  the  transmission  factors  for  the  front  and 
back  windows,  into  Equation  2  and  taking  logarithms  gives 

log  (7o/7)  =  (eoCo  +  61C1  +  62C2  +  •••.)  I  —  log  Ti  —  logT, 
or,  with  obvious  abbreviations, 

E  =  (eoCo  +  eiCi  -(-  62C2  +  ....)  I  +  K  (3) 

We  shall  call  Equation  3  the  “cell  equation”.  7?  is  the  extinc¬ 
tion  for  the  given  wave  length  used,  and  if  is  a  positive  quantity 
which  will  be  called  the  “cell  constant”,  since  it  depends  largely 
upon  the  nature  and  condition  of  the  windows  of  the  cell.  K 
varies  in  a  gradual  manner  with  the  wave  length.  The  extinction 

coefficients,  60,  e,,  e2, . ,  on  the  other  hand,  are  rapidly  varying 

functions  of  the  wave  length,  which  are  different  for  different  com- 
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pounds.  To  characterize  them  unambiguously  it  is  necessary 
to  specify  the  resolution  of  the  instrument  as  well  as  the  tem¬ 
perature  of  the  absorbing  liquid.  For  most  liquids  the  extinction 
coefficients  are  nearly  constant  over  a  temperature  range  of  a  few 
degrees. 

The  working  curves  shown  in  Figure  4,  and  all  the  other  work¬ 
ing  curves  obtained  for  binary  mixtures  of  the  nitroparaffins,  are 
straight  within  the  experimental  error.  Thus,  it  may  be  con¬ 
cluded  that  mixtures  of  the  nitroparaffins  obey  Beer’s  law  with 
considerable  accuracy  in  the  infrared.  In  fact,  these  working 
curves  may  be  regarded  as  graphs  of  the  cell  equation 


E  =  (*,  -  e„)ci  l  +  100  €0 1  +  K  (4) 

obtained  by  substituting  Co  =  100  —  Ci,  <h  =  c3  = . =  0, 

in  Equation  3. 


From  Equation  4  it  is  seen  that  the  sensitivity  of  the  analysis 
increases  with  the  difference  between  the  extinction  coefficients 
of  the  two  components  and  also  with  the  cell  thickness.  The  dif¬ 
ference  in  extinction  coefficients  depends  upon  the  choice  of  wave 
length,  and  e0  limits  the  value  of  l  which  can  be  used  without 
making  E  too  large  to  be  measured  accurately.  Hence,  in  choos¬ 
ing  the  wave  length  for  an  analysis  it  is  important  to  keep  eo 
small  and  (ei  —  eo)  large.  If  the  validity  of  Beer’s  law  has  been 
established  for  a  mixture,  only  two  points  are  required  to  deter¬ 
mine  the  working  curve.  If  the  same  cell  is  always  used  so  that 
l  is  constant,  the  slope  remains  constant,  and  the  working  curve 
need  be  checked  at  only  one  point  for  shifts  due  to  changes  in 
K. 

In  view  of  the  relation  Co  +  ct  +  ct  =  100  per  cent  by  volume, 
the  analysis  of  a  ternary  mixture  requires  extinction  measure¬ 
ments  at  only  two  wave  lengths,  X'  and  X*.  They  are  chosen  in 
such  a  manner  that  is  large  while  «2  and  eo  are  small  at  X', 
whereas  e»  is  large  and  ei  and  eo  are  small  at  X".  If  the  extinctions 
and  the  cell  constants  have  been  measured  at  these  wave  lengths, 
two  cell  equations  can  be  written  down.  Marking  the  quanti¬ 
ties  measured  at  X'  and  X"  by  single  and  double  primes,  respec¬ 
tively,  the  solution  of  these  equations  is 

_  (E'  -  K'  -  100  e’  1)  (4  -  Q  -  ( E "  -  K"  -  100  4  T)  (4 

Cl  “  (4  -  4)  (4  -4)1-  (4  -  4)  (4  -  4)  l 


and  an  analogous  expression  for  C2. 

If  the  very  slight  dependence  of  the  cell  constant  upon  the 
composition  of  the  mixture  is  neglected,  K'  +  100  4  l  is  equal 
to  Eg,  the  extinction  of  the  cell  filled  with  the  major  component; 
also, 


il  —  «o  = 


1  (A"  +  100  41  ~  K"  —  100  ell)  =  (El  —  E"0) 
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Substitution  of  these  and  the  analogous  relations  into  the  ex¬ 
pressions  for  Ci  and  C2  gives 


(A'  -  Eo)  (El  -  El)  -  {E"  -  El)  (El  -  El) 

(El  -  El)  (El  -  El)  -  (E{  -  El)  (El  -  El)  w 


and  an  expression  for  c2  which  may  be  obtained  by  interchanging 
subscripts  1  and  2. 

It  is  essential  to  choose  wave  lengths  X'  and  X"  in  such  a  manner 
that,  with  a  given  inaccuracy  in  the  extinction  measurements, 
the  inaccuracy  in  the  computed  concentrations  will  be  as  small 
as  possible.  A  simple  analysis,  which  will  not  be  given  here, 
shows  that  one  should  strive  to  satisfy  the  following  conditions: 
(el  —  el)2  +  (e^  —  el)2  and  —  el)2  +  (el  —  e£)2  should  be  as 
large  as  possible,  and  (e(  —  «o)  (e'  —  4)  +  (4  "  4)  (4  —  el) 
should  be  as  small,  numerically,  as  possible.  When  the  previ¬ 
ously  described  procedure  for  selecting  the  wave  lengths  is  used, 
these  conditions  tend  to  be  fulfilled.  The  expressions  for  the 
concentrations  may  then  be  simplified  as  follows: 


c,  =  100 


(E'  -  El)  (El  -  El)  -  (E’  -  El)  (El  -  El) 


(El  -  El)  (El  -  El)  1  - 


(El  -  El)  (El  -  El) 
(El  -  El)  (El  -  El) 


£*  100  1^4°,  -  100  X  E*  ~E° 


El -El 


El  -  El 


El  —  Eo 


or 


(7) 


where  Ci  and  C2  are  the  values  for  the  concentrations  obtained 
from  the  measurements  of  E'  and  E"  by  means  of  the  two-com¬ 
ponent  working  curves.  Similarly, 


C2  =  c2  - 


(8) 


The  relative  error  introduced  by  using  these  approximation 
formulas  is : 


(El  -  El)  (El  -  El)  (4  -  el)  (el  -  el) 
(El  -  El)  (El  -  El)  (el  -  el)  (4  -  el) 


The  value  of  this  quantity  was  about  0.0009  for  Problem  B. 
Thus,  the  systematic  error  introduced  by  the  simplification  was 
less  than  0.1  per  cent  of  concentration  c,.  In  the  two  other  cases 
of  analysis  of  ternary  mixtures  of  the  nitroparaffins  this  error 
was  even  smaller.  In  all  these  cases  this  systematic  error  was 
negligible  compared  to  the  inaccuracy  caused  by  the  errors  of 
observation. 

The  error  introduced  by  the  simplification  leading  to  Equations 
7  and  8,  when  expressed  as  a  percentage  of  the  concentra¬ 
tion  to  be  determined,  is  independent  of  this  concentration. 
Hence,  the  method  outlined  here  is  not  limited  to  mixtures 
for  which  the  concentrations  of  the  components  to  be  determined 
are  small 


—  el) 


Background  Radiation 

(5)  The  existence  of  stray  radiation  inside  the 

spectrograph  is  revealed  by  the  fact  that 
the  measured  intensity,  7,  differs  from  zero 
for  wave  lengths  for  which  the  absorption  is  virtually  com¬ 
plete,  as  indicated  by  the  flattening  of  the  bands.  This  may  be 
seen  in  the  transmission  curves  of  Figure  2  for  the  strong  absorp¬ 
tion  bands  at  about  6.5/i.  Even  when  a  glass  shutter  was 
used  it  was  found  necessary  to  correct  70  and  7  for  background 
radiation  whenever  the  extinction  data  were  used  for  determin¬ 
ing  absolute  values  of  extinction  coefficients,  cell  constants, 
cell  thicknesses,  etc. 

The  background  correction  for  70  was  determined  by  using  a 
very  thin  cell  with  highly  polished  windows  filled  with  carbon 
tetrachloride,  which  has  strong  absorption  bands  near  the  wave 
lengths  of  interest  but  almost  no  absorption  in  the  short  wave 
length  region.  The  residual  intensity,  measured  at  a  wave 
length  for  which  the  absorption  is  virtually  complete  and  multi¬ 
plied  by  a  factor  (about  1.1)  to  compensate  for  the  reflection 
losses  in  the  cell,  gives  the  correction  which  must  be  subtracted 
from  the  measured  value  of  70.  When  expressed  as  a  percentage 
of  7o,  this  correction  can  be  applied  to  any  later  value  of  70. 

The  background  correction  for  7  must  be  determined  for  the 
particular  cell  with  which  measurements  are  being  made,  and, 
strictly,  for  the  cell  filled  with  the  liquid  being  studied.  If  the 
liquid  has  a  band  giving  complete  absorption  near  the  desired 
wave  length,  the  residual  deflection  at  this  band  is  taken  to  be  the 
correction. 

If  there  are  intense  bands  near  the  wave  length  in  question, 
the  residual  deflections  at  these  bands  are  determined,  and  the 
desired  correction  is  found  by  interpolation.  For  very  thin 
cells,  where  the  absorption  for  no  band  is  complete,  more 
elaborate  methods  must  be  employed. 

The  magnitude  of  the  background  correction  is  indicated  by 
the  following  examples:  The  correction  for  7  was  5.4  per  cent  of 
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/8  at  11. 74m  (slit  width  0.60  mm.),  3.8  per  cent  of  70  at  10.06m 
(slit  0.50  mm.),  and  2.3  per  cent  of  70  at  8.15m  (slit  0.25  mm.). 
The  corrections  for  70  were  slightly  larger. 

Determination  of  Cell  Constant 

The  constant,  K,  for  a  given  cell  at  a  given  wave  length  may  be 
determined  by  filling  the  cell  with  a  liquid  which  has  negligible 
absorption  at  this  wave  length  and  measuring  70  and  7.  For, 
when  «  =  0,  the  cell  equation  (9)  becomes  E  =  log  (70/7)  =  K. 

If  no  liquid  is  available  which  is  transparent  at  the  desired 
wave  length,  one  or  more  liquids  which  are  transparent  at  other 
wave  lengths  may  be  used  to  determine  K  for  these  wave  lengths, 
and  the  cell  constant  for  the  desired  wave  length  may  then  be  ob¬ 
tained  by  interpolation. 


CELL  THICKNESS  IN  CM. 

Figuhe  6.  Determination  of  Extinction  Coefficients  at 
8.15m  with  Constant-Thickness  Cells 

Slit  width  0.25  mm.  Extinction  coefficients,  measured  by  slopes  of  lines, 
are:  2-nitropropane  0.178,  nitroethane  0.533,  1-nitropropane  3.30  cm. -1  X 
(per  cent  by  volume)  -1 

If  a  liquid  is  available  whose  extinction  coefficient  is  known 
for  the  given  wave  length,  and  if  the  cell  thickness  is  known,  the 
cell  constant  may  be  determined  by  measuring  E  and  applying 
Equation  9.  The  liquid  or  liquids  used  for  determining  K  should 
strictly  have  the  same  index  of  refraction  at  the  desired  wave 
length  as  the  liquid  under  investigation.  However,  the  variation 
in  refraction  index  is  rarely  large  enough  to  require  consideration. 

Measurement  of  Cell  Thickness 

For  thick  cells  the  thickness  of  the  spacer  can  be  measured 
with  vernier  calipers  before  the  cell  is  assembled.  Thinner  cells 
must  be  measured  after  they  are  assembled.  The  following 
method  was  found  satisfactory  for  all  cells  which  could  not  be 
measured  before  assembly. 


The  thickness  of  a  10.0-mm.  cell  was  measured  with  calipers  to 
within  0.1  per  cent.  The  cell  was  then  filled  with  standard 
solutions  of  pure  n-hexane  in  pure  carbon  tetrachloride,  and  the 
extinction  coefficient  of  n-hexane  at  3.41m  was  determined.  The 
thin  cell  to  be  measured  was  then  filled  with  standard  solutions  of 
n-hexane  in  carbon  tetrachloride  of  sufficient  concentration  to 
give  accurately  measurable  E-values.  The  extinctions  and  the 
cell  constant  were  measured  at  3.41m,  and  E  —  K  was  plotted 
against  the  concentration  of  n-hexane.  The  cell  thickness  was 
then  determined  by  dividing  the  slope  of  the  curve  by  the  ex¬ 
tinction  coefficient  of  n-hexane.  In  this  manner  the  thickness  of 
thin  cells  could  be  determined  to  within  1  per  cent  or  better. 

Determination  of  Extinction  Coefficients 

Since  the  extinction  coefficient  of  an  absorbing  compound  is 
independent  of  the  amount  of  sample  used,  and  since  it  is  of 
fundamental  importance  in  the  analysis  of  mixtures  obeying 
Beer’s  law,  its  use  for  specifying  absorption  is  to  be  preferred  to 
the  more  widely  used  term  of  per  cent  transmission.  Various 
methods  of  measuring  extinction  coefficients  have  been  investi¬ 
gated. 

The  cell  equation  for  a  cell  filled  with  a  pure  compound  is 

E  =  log  (70/7)  =  eel  +  K  (9) 

Hence,  if  the  thickness  of  the  cell  is  accurately  known,  meas¬ 
urement  of  E  and  K  enables  one  to  determine  e.  However, 
since  high  and  low  values  of  E  cannot  be  measured  accurately, 
the  data  obtained  with  a  single  cell  do  not  give  accurate  values  of 
e  over  the  entire  wave-length  range  but  only  for  those  regions 
where  the  absorption  gives  intermediate  values  of  E  for  the 
particular  cell.  To  obtain  accurate  values  over  a  wide  wave-length 
range,  a  set  of  cells  of  varying  thickness  is  required.  All  intensity 
measurements  must  be  corrected  for  background,  and  the  values 
of  K  and  l  must  be  accurately  determined. 

For  the  wave  lengths  selected  for  analytical  work  increased 
accuracy  was  obtained  by  averaging  the  extinction  coefficient 
values  obtained  with  cells  of  different  thickness.  E—K  was 
plotted  against  l  and  e  was  determined  by  measuring  the  slope  of 
the  straight  line  and  dividing  it  by  the  concentration.  Figure 
6  shows  the  curves  obtained  for  nitroethane,  1-nitropropane, 
and  2-nitropropane  at  8.15m  (slit  0.25  mm.).  Only  for  the  thick¬ 
est  cell  could  the  background  correction  be  determined  directly 
by  filling  the  cell  with  1-nitropropane,  which  has  a  strong  ab¬ 
sorption  band  at  8.15m.  The  background  corrections  for  thn 
thinner  cells  were  estimated  by  comparing  their  transmissions 
with  that  of  the  thickest  cell  at  some  wave  length  where  the- 
liquid  does  not  absorb.  For  1-nitropropane  the  absorption  at 
8.15m  was  so  strong  that  only  with  the  thinnest  cell  was  the  ex¬ 
tinction  small  enough  to  be  measurable. 


Table  IV.  Extinction  Coefficients 


Nitro- 

Nitro¬ 

2-Nitro- 

1-Nitro- 

Wave  Length 

Slit  Width 

methane 

ethane 

propane 

propane 

Microns 

Mm. 

(Cm.  X  %  by  volume ) 

8.15 

0.25 

0.252 

0.486 

0.177 

3.38 

10.06 

0.50 

0.097 

1.85 

0.063 

0.061 

10.90 

0.55 

2.09 

0.114 

0.135 

0.782 

11.74 

0.60 

0.035 

0.328 

(5.26) 

0.194 

The  results  show  that  it  is  possible  to  determine  extinction 
coefficients  fairly  accurately  with  cells  of  fixed  thickness.  The 
procedures  worked  out  for  measuring  the  cell  thickness,  the  cell 
constant,  and  the  background  correction  are  satisfactory.  How¬ 
ever,  the  use  of  a  set  of  several  cells  to  obtain  accurate  extinction 
coefficients  for  analytical  work  is  laborious  and  cumbersome,  and 
high  accuracy  is  not  easily  obtained  for  large  extinction  coeffi¬ 
cients.  For  these  reasons  another  method  which  employs  a 
variable-thickness  cell  was  developed. 
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The  precision  variable-thickness  cell  constructed  will  be  de¬ 
scribed  elsewhere.  It  is  essentially  an  all-metal  Baly-type  cell 
with  rock-salt  windows  and  a  screw  drive.  With  this  cell,  curves 
similar  to  those  of  Figure  6  can  be  easily  and  quickly  obtained. 
In  addition,  several  simplifications  occur.  Since  the  cell  constant 
does  not  change  with  the  thickness  setting,  its  value  need  not  be 
determined.  Similarly,  since  no  appreciable  time  is  required  to 
change  the  setting  of  the  cell,  the  intensity,  7o,  of  the  incident 
radiation  can  easily  be  held  constant  while  several  measurements 
are  taken  and,  hence,  its  value  need  not  be  determined. 

The  cell  equation  may  be  written 

—log  I  =  eel  +  K  —  log  Io  (10) 

and,  hence,  the  extinction  coefficient  can  be  determined  from  a 
plot  of  log  I  vs.  1.  Such  plots  are  shown  in  Figure  7.  For  this 
purpose  the  absolute  thickness  of  the  cell  is  of  no  importance; 
only  the  thickness  increments  between  successive  cell  settings 
are  required,  and  these  can  be  determined  with  higher  accuracy 
than  the  absolute  thickness  values. 

In  Table  IV  are  listed  the  extinction  coefficients  for  the  four 
nitroparaffins  for  each  of  the  four  wave  lengths  chosen  for  ana¬ 
lytical  work.  These  values  were  used  to  obtain  the  correction 
factors  used  in  the  ternary  analyses  reported.  The  coefficients 
are  defined  by  the  convention  used  here  of  expressing  the  con¬ 
centrations  in  per  cent  by  volume.  The  molecular  extinction 
coefficients,  obtained  by  multiplying  these  values  by  the  molecu¬ 
lar  weight  divided  by  ten  times  the  density,  are  fisted  in  Table  V. 


Table  V.  Molecular  Extinction  Coefficients 


Nitro¬ 

Nitro- 

2-Nitro- 

1-Nitro- 

Wave  Length 

Slit  Width 

methane 

ethane 

propane 

propane 

Microns 

Mm. 

8.15 

0.25 

1.35 

3.47 

1.59 

30.0 

10.06 

0.50 

0.52 

13.2 

0.57 

0.54 

10.90 

0.55 

1.12 

0.82 

1.21 

6.95 

11.74 

0.60 

0.19 

2.34 

(47.2) 

1.72 

The  extinction  coefficient  for  2-nitropropane  at  11.74/1  was  so 
large  that  it  could  not  be  determined  directly.  The  following 
procedure  was  therefore  used.  The  difference  between  the  ex¬ 
tinction  coefficients  for  2-nitropropane  and  nitromethane  was 
first  determined  by  using  known  binary  mixtures,  and  the  ex¬ 
tinction  coefficient  for  nitromethane  was  then  added  to  this  dif¬ 
ference. 

The  accuracy  obtained  with  the  variable-thickness  cell  depends 
upon  three  factors:  the  precision  with  which  the  thickness  in¬ 
crements  are  determined,  the  accuracy  of  the  intensity  meas¬ 
urements,  and  the  accuracy  of  the  background  correction.  The 
first  two  quantities  were  measured  with  less  than  1  per  cent  error. 
It  is  not  easy  to  estimate  the  accuracy  with  which  the  background 
correction  wras  made.  However,  the  fact  that  the  plots  of  log 
I  vs.  I  are  all  very  nearly  linear  indicates  that  the  background 
correction  applied  to  the  intensity  values  was  not  much  in 
error. 

The  values,  0.178  and  0.177,  for  the  extinction  coefficient  of 
2-nitropropane  at  8.15/1  measured  with  fixed- thickness  cells  and 
the  variable-thickness  cell,  respectively,  are  in  excellent  agree¬ 
ment.  For  nitromethane  and  1-nitropropane  the  agreement  is 
mot  so  close.  The  values  obtained  by  the  variable-thickness 
cell  should  be  the  more  accurate. 

Extinction  coefficient  data  enable  one  to  predict  accurately 
the  sensitivity  which  will  be  obtained  when  a  given  wave  length 
is  used  in  a  binary  analysis  and,  hence,  to  choose  the  optimum 
■wave  length  and  the  optimum  cell  thickness  for  any  particular 
analysis  without  additional  experimental  work;  as  a  matter  of 
fact,  since  the  slope  of  the  working  curve  is  determined  by  the 
differences  between  the  extinction  coefficients,  and  since  the 


Figure  7.  Determination  of  Extinction  Coefficients  at 
10.90a  with  the  Variable-Thickness  Cell 

Slit  width  0.55  mm.  Extinction  coefficients,  measured  by  negative  slopes, 
are  nitromethane  2.09,  1-nitropane  0.782  cm.''  X  (per  cent  by  volume)  "> 


intercept  of  the  curve  is  given  by  the  extinction  of  the  cell  filled 
with  the  pure  solvent,  the  working  curve  can  be  drawn  without 
recourse  to  standard  solutions,  if  Beer’s  law  is  known  to  hold. 
The  correction  factors  used  in  the  simplified  method  of  analysis  of 
ternary  and  multicomponent  mixtures  are  also  determined  by 
extinction  coefficients.  Hence,  the  use  of  a  variable-thickness 
cell,  with  which  extinction  coefficients  can  so  easily  be  measured, 
represents  an  important  advance  in  analytical  work  with  mix¬ 
tures  obeying  Beer’s  law. 

Acknowledgments 

The  writers  wish  to  express  their  gratitude  to  the  Reynolds 
Manufacturing  Company  for  the  gift  of  the  infrared  spectro¬ 
graph,  and  to  the  Commercial  Solvents  Corporation  and  the  Uni¬ 
versity  of  Oklahoma  Faculty  Research  Fund  for  financial  assist¬ 
ance.  Thanks  are  due  also  to  E.  B.  Dale  for  assistance  with  some 
of  the  measurements. 

Literature  Cited 

(1)  Barnes,  R.  B.,  Liddel,  U.,  and  Williams,  V.  Z.,  Ind.  Eng.  Chem., 

Anal.  Ed.,  15,  83  (1943). 

(2)  Brattain,  R.  R.,  Petroleum  World,  50,  46  (1943). 

(3)  Brattain,  R.  R.,  and  Beeck,  O.,  J.  Applied  Phys.,  13,  699  (1942). 

(4)  Coblentz,  W.  W.,  “Investigations  of  Infrared  Spectra”,  Carnegie 

Inst.  Washington,  Publication  35,  1905. 

(5)  Gabriel,  C.  L.,  Chem.  Ind.,  45,  664  (1939);  Ind.  Eng.  Chem., 

32,  887  (1940). 

(6)  Mueller,  R.,  Ann.  Physik,  1,  613  (1929). 

(7)  Strong,  J.,  “Procedures  in  Experimental  Physics”,  p.  444,  New 

York,  Prentice-Hall,  1938. 

(8)  Wells,  A.  J.,  and  Wilson,  E.  B„  J.  Chem.  Phys.,  9,  314  (1941). 

(9)  Wright,  N.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  13,  1  (1941). 


Determination  of  the  pH  of  Textile  Materials 
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In  all  previously  published  methods  for  the  deter¬ 
mination  of  the  pH  of  leather,  paper,  and  textiles, 
a  single-extraction  operation  has  been  used  on  the 
assumption  that  the  amount  of  water  per  unit 
weight  of  sample  is  relatively  insignificant.  The 
results  of  the  present  investigation,  however,  show 
that  for  textiles  the  pH  of  the  extract  solution  is  a 
function  of  the  quantity  of  water  used  in  the  ex¬ 
traction  process.  An  extrapolation  method  based 
on  this  fact  is  described  for  the  determination  of 
the  pH  of  a  fabric.  The  pH  of  a  textile  is  defined  as 
the  pH  of  the  water  present  in  the  cloth  under  A.  S. 
T.  M.  standard  conditions  of  temperature  and 
humidity. 


STUDIES  by  Kolsky  and  Jones  (7)  and  by  Crist  (4)  have 
called  attention  to  the  importance  of  hydrogen-ion  concen¬ 
tration  in  textiles  as  a  factor  affecting  color  stability,  tensile 
strength,  and  other  fabric  properties.  Their  work  has  em¬ 
phasized  the  need  for  a  general  understanding  of  what  is  meant 
by  the  pH  of  a  cloth  and  the  desirability  of  a  uniform  and  re¬ 
liable  method  of  measurement. 

The  U.  S.  Army  Quartermaster  Corps  has  included  a  pH  re¬ 
quirement  in  a  recent  tentative  specification  for  barracks  bag 
material  ( 9 ),  proposing  a  method  somewhat  similar  to  the 
A.  S.  T.  M.  standard  method  for  determining  the  pH  of  scoured 
wool  and  of  cotton  tape  ( 1 ).  Both  these  methods  are  based  on  a 
single-extraction  operation,  using  75  to  250  ml.  of  water  or  buffer 
solution  and  2  to  10  grams  of  sample,  and  measurement  of  the  pH 
of  the  extract  solution,  either  colorimetrically  or  potentiometri- 
eally.  The  value  thus  obtained  is  taken  as  the  pH  of  the  textile 
material.  In  general,  these  methods  are  similar  to  those  now  in 
use  for  the  determination  of  the  pH  of  paper  and  leather  ( 2 ,  8, 
U,  15). 

The  differences  in  procedures  proposed  by  the  various  investi¬ 
gators  indicate  the  need  for  an  adequate  definition  of  pH  for  a 
substance  of  low  moisture  content  such  as  cloth.  The  purpose 
of  the  present  investigation  is  to  set  up  such  a  definition  and  to 
examine  the  single-extraction  method  in  the  light  of  that  defi¬ 
nition. 

Definition 

Applying  the  equation  pH  =  minus  log  [H+],  in  which 
[H+  ]  is  the  molar  hydrogen-ion  concentration  in  a  water  solution, 
the  definition  of  the  pH  of  a  fabric  must  be  based  on  the  moisture 
content  of  the  fabric.  In  extraction,  the  water  in  contact  with 
the  textile  will  dissolve  out  the  minute  amounts  of  acids,  bases, 
or  buffer  salts  contained  therein.  The  pH  of  the  extract  solution 
will  be  determined  by  the  concentration  of  these  soluble  sub¬ 
stances  and,  therefore,  by  the  amount  of  water  used  for  the 
extraction.  The  smaller  the  amount  of  water  used,  the  more 
accurately  the  pH  obtained  represents  the  pH  of  the  original 
air-dried  fabric. 

The  nature  of  this  effect  of  concentration  on  pH  can  be  shown 
by  simple  measurements  of  acid,  base,  and  buffer  salt  solutions. 

One-tenth  mole  portions  of  reagent-grade  ammonium  chloride, 
ammonium  acetate,  sodium  acetate,  potassium  carbonate,  and 
oxalic  acid  were  weighed  out  and  dissolved  in  five  10-ml.  portions 
of  distilled  water.  Using  a  Beckman  Model  G  pH  meter  with 
the  standard  6.25-cm.  (2.5-inch)  electrodes  furnished  with  the 


instrument,  the  pH  values  of  these  solutions  were  measured  at 
this  and  conveniently  higher  dilutions.  The  results  thus  ob¬ 
tained  were  plotted  against  the  dilution  in  milliliters  per  millimole 
of  dissolved  chemical. 

The  resulting  experimental  curves,  shown  in  Figure  1,  indicate 
that  the  shape  of  the  pH  curve  varies  with  the  type  of  chemical 
dissolved  and  that  the  pH  observed  at  high  dilution  may  be 
appreciably  different  from  that  of  the  concentrated  solutions. 
The  limiting  value  of  the  pH  as  the  concentration  increases  is  that 
of  the  saturated  solution.  These  results  are  in  accord  with 
theoretical  calculations. 

Under  the  standard  A.  S.  T.  M.  conditions  (8)  of  21  °  C.  and  65 
per  cent  relative  humidity,  various  textiles  may  contain  up  to 
about  20  per  cent  of  moisture  by  weight  (6,  10,  11,  12).  It  is 
apparent  from  the  curves  in  Figure  1  that  the  pH  of  a  fabric  must 
be  obtained  by  an  extrapolation  to  a  concentration  corresponding 
to  the  amount  of  water  present  in  the  cloth,  and  that  therefore 
any  precise  definition  of  the  pH  of  a  fabric  should  take  into  ac¬ 
count  the  effect  of  humidity.  With  this  in  mind,  the  pH  of  a 
textile  may  be  logically  defined  in  terms  of  the  hydrogen-ion 
concentration  of  the  water  present  in  the  cloth  under  the  A.  S. 
T.  M.  standard  conditions. 


Figure  1.  Effect  of  Concentration  on  pH  of  Solutions 
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Figure  2.  Experimental  Curves  on  Variously  Treated 
Cloth  Samples 


a. 


Cotton  twill  without  further  treatment. 

Cotton  twill  treated  with  dilute  potassium  carbonate  solution  and  air- 
dried.  ,  , 

Cotton  twill  treated  with  dilute  sodium  acetate  solution  and  air-dried. 

Cotton  twill  treated  with  dilute  oxalic  acid  solution  and  air-dried. 

Cotton  twill  dyed  with  a  sulfur  color,  washed  with  hot  water,  and  air- 
dried  without  further  aftertreatment. 

Cotton  twill  dyed  with  a  sulfur  color  and  aftertreated  with  a  bath  con¬ 
taining  acetic  acid,  copper  sulfate,  and  sodium  dichromate,  then  washed 
and  air-dried.  . 

8.5-ounce  jute  burlap,  12X12  yarn  count,  used  in  the  Southern  Regional 
Research  Laboratory  for  studies  in  mildew-proofing. 


Textile  pH  used  in  this  sense  should  not  be  confused  with  total 
acidity,  which  may  be  obtained  by  titration  of  acid  or  base 
present. 

Goode  and  Cox  (5)  have  described  a  micro  glass  electrode  that 
j  measured  textile  pH  values  for  very  low  moisture  concentrations. 
Their  method  appears  to  measure  the  pH  of  cloth  as  defined  above 
more  closely  than  any  other  published  procedure,  but  it  fails, 
nevertheless,  to  determine  the  true  pH  of  the  cloth  under  actual 
conditions  of  use. 


Method  of  Measurement 

Measurements  of  the  pH  of  textiles  are  being  made  in  the 
,  Southern  Regional  Research  Laboratory  by  the  extrapolation 
method  described  below. 

A  2-gram  sample  of  the  fabric  to  be  tested  is  weighed  and  cut 
into  small  pieces,  which  are  placed  in  a  small  beaker  and  wet  with 
3  ml.  of  boiled  distilled  water.  The  fabric  pieces  are  macerated 
with  a  spatula  until  the  mass  is  uniformly  wet.  [Von  Bergen  and 
Crowley  (13)  of  the  Forstmann  Woolen  Co.  have  found  from  a 
series  of  experiments  performed  on  wool,  that  for  successful 
application  of  the  method,  the  fabric  must  be  wettable  by  the 
water.]  The  beaker  is  covered  with  a  watch  glass  and  allowed  to 
stand  for  about  30  minutes,  after  which  the  mixture  is  again 
i  stirred.  The  cloth  is  then  pressed  against  the  side  of  the  beaker 
until  about  1  ml.  of  water  has  been  squeezed  out.  This  is  poured 
into  the  5-ml.  cup  of  the  Beckman  pH  meter,  and  the  pH  is 
measured  on  the  standard  2.5-inch  electrodes  of  the  meter.  Since 


in  making  determinations  in  neutral  or  nearly  neutral  mixtures 
some  time  is  required  for  the  absorbed  gases  or  minute  amounts 
of  acids  or  bases  from  previous  measurements  on  the  electrodes 
to  be  replaced  by  the  new  solution,  the  meter  indicator  must  be 
allowed  to  come  to  equilibrium  and  the  electrodes  should  be  care¬ 
fully  rinsed  with  distilled  water  after  each  measurement. 

When  the  pH  has  been  measured,  the  solution  is  returned  to  the 
beaker  and  another  milliliter  of  water  stirred  into  it.  This  mix¬ 
ture  is  allowed  to  stand  for  15  minutes,  then  is  stirred  and 
squeezed  to  yield  a  more  dilute  solution  for  another  pH  measure¬ 
ment.  In  this  manner  pH  measurements  are  obtained  for  water- 
cloth  mixtures  containing  3,  4,  5,  7,  10,  15,  20,  30,  50,  and  100  ml. 
of  water.  The  pH  values  of  these  dilutions  are  plotted  against 
the  volume  of  water  added  and  extrapolated  back  to  the  zero 
ordinate — that  is,  to  the  air-dried  condition — to  give  the  pH  of 
the  fabric  as  defined  earlier.  In  actual  practice  it  has  been  found 
practical  to  make  measurements  of  dilutions  with  3,  5,  10,  20,  and 
30  ml.  of  water  only,  since  these  values  are  usually  sufficient  for 
the  extrapolation. 

Precautions  against  the  usual  errors  in  pH  measurement  are 
taken  throughout  each  experiment.  The  pH  of  the  water  should 
be  frequently  checked  to  guard  against  contamination  from  acid 
or  alkaline  vapors  in  the  air  of  the  room.  The  pH  meter  should 
be  calibrated  periodically  with  standard  buffer  solutions  and 
the  accuracy  of  potentiometric  measurement  determined  by 
checking  against  a  standard  cell. 

The  typical  curves  shown  in  Figure  2  were  obtained  in  the 
above  manner  from  a  number  of  cloth  samples.  All  the  cotton 
samples  were  from  36-inch,  96  by  64,  2.85  cotton  twill  that  had 
been  prepared  for  dyeing  by  a  regular  caustic  boil  and  bleaching 
process.  Samples  were  given  the  several  treatments  indicated 
in  Figure  2. 

Examination  of  the  curves  will  show  that  only  in  some  cases 
does  the  pH  of  the  extract  liquid  equal  the  extrapolated  pH  value. 
The  assumption  that  the  pH  of  the  goods  will  be  the  same  as  the 
pH  of  an  extract  solution  appears  not  to  be  valid  for  certain 
textile  samples  and  thus  cannot  be  relied  upon  as  the  basis  of 
any  general  method  of  measurement.  Curves  C  and  E,  for  ex¬ 
ample,  show  nearly  identical  extrapolation  values  but  widely 
different  pH  values  at  the  100-ml.  concentrations.  Attempts  to 
measure  relative  hydrogen-ion  concentrations  by  comparing  ex¬ 
tract  solutions  obtained  with  some  standard  quantity  of  water 
would,  therefore,  lead  to  erroneous  results. 

From  the  curves  in  Figures  1  and  2  it  is  apparent  that  as  the 
solutions  become  more  dilute  the  pH  approaches  that  of  pure 
water.  The  curve  for  sample  E  in  the  region  below  30  ml.  is  an 
exception  to  this  generality;  the  pH  here  rises  farther  above  7 
with  greater  dilution.  This  abnormality  seems  to  be  typical 
of  a  number  of  sulfur-dyed  cotton  fabrics  measured  in  this 
laboratory.  No  explanation  for  this  behavior  is  offered. 


Table  I.  Reproducibility  of  Measurements  on  Samples  of 


Untreated  Sulfur-Dyed  Cotton,  E 

Sample 

pH  at  5  Ml. 

Deviation 
from  Mean 

pH  at  10  Ml. 

Deviation 
from  Mean 

1 

8.21 

0.06 

8.52 

0.01 

2 

8.28 

0.01 

8.49 

0.02 

3 

8.23 

0.04 

8.43 

0.08 

4 

8.25 

0.02 

8.43 

0.08 

5 

8.38 

0.11 

8.50 

0.01 

6 

8.19 

0.08 

8.53 

0.02 

7 

8.29 

0.02 

8.53 

0.02 

8 

8.32 

0.05 

8.61 

0.10 

9 

8.33 

0.06 

8.57 

0.06 

10 

8.23 

0.04 

8.48 

0.01 

Mean 

Average 

deviation 

8.27 

8.51 

0.04 

from  mean 

0.05 

In  order  to  test  the  reproducibility  of  measurement  with  a 
particular  sample,  10  samples  of  the  untreated  sulfur-dyed  cotton 
(E)  were  treated  with  5  ml.  and  then  with  10  ml.  of  water,  pH 
readings  being  taken  at  each  dilution.  The  results  of  these 
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measurements,  along  with  deviations  from  the  mean  and  the 
average  deviation  from  the  mean  value,  are  shown  in  Table  I. 

The  value  obtained  at  the  5-ml.  point  for  a  single  observation 
is,  therefore,  subject  to  an  average  error  of  0.05,  and  this  error 
would  increase  somewhat  for  smaller  amounts  of  water.  For  a 
given  set  of  observations  the  average  error  of  measurement  in¬ 
volved  in  the  extrapolation  would  be  of  the  order  of  0.1  pH  unit. 
Greater  accuracy  may  be  obtained  by  averaging  several  measure¬ 
ments  on  similar  samples. 

Some  inaccuracy  in  extrapolation  is  encountered  when  the 
curvature  of  the  plot  at  higher  concentrations  is  fairly  pro¬ 
nounced.  As  was  pointed  out  in  connection  with  Figure  1,  how¬ 
ever,  the  extreme  value  of  pH  attainable  by  extrapolation  would 
be  that  of  a  saturated  solution. 

Time  is  not  a  critical  factor  in  measurements  of  the  pH,  since 
equilibrium  between  the  water  and  the  fabric  is  usually  attained 
rather  rapidly.  All  extractions  were  made  at  room  temperature 
because  a  hot  extraction  may  result  in  decomposition  of  materials 
in  the  cloth  and  thus  lead  to  abnormal  values. 

Discussion 

Using  the  method  described,  a  large  number  of  pH  measure¬ 
ments  have  been  made  in  this  laboratory  on  cloth  samples  under 
prevailing  atmospheric  conditions.  It  is  apparent  from  the 
results  of  this  investigation  that  the  pH  of  a  fabric  depends  upon 
its  moisture  content,  which,  in  turn,  is  a  function  of  the  relative 
humidity  and  temperature  of  the  surrounding  atmosphere.  In 
setting  up  specifications  and  tests,  therefore,  it  would  seem  essen¬ 
tial  that  a  precise  definition  including  the  cloth  conditions  be 


adhered  to.  In  order  that  a  definite  value  may  be  assigned  to  it, 
the  pH  of  a  fabric  or  textile  material  might  be  defined  as  the  pH 
of  the  water  present  under  A.  S.  T.  M.  standard  conditions  of 
21  °  C.  and  65  per  cent  relative  humidity.  This  value  is  the  one 
which  would  be  obtained  by  the  proposed  extrapolation  method 
using  cloth  samples  with  a  moisture  content  brought  to  equilib¬ 
rium  in  a  standard  conditioning  room. 
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Photometric  Estimation  of  Silicon  in  Magnesium 

and  Magnesium  Alloys 

A.  J.  BOYLE  AND  Y.  Y.  HUGHEY,  Basic  Magnesium,  Incorporated,  Las  Vegas,  Nevada 


In  a  rapid  and  accurate  method  for  the  determi¬ 
nation  of  small  amounts  of  silicon  in  magnesium 
metal  and  magnesium  alloys,  use  is  made  of  the 
molybdenum  blue  color  developed  from  sodium 
sulfite  reduction  of  the  silicomolybdic  acid  com¬ 
plex  at  a  pH  range  of  7.0  to  7.3.  Interfering  weak 
bases  are  complexed  by  the  use  of  ammonium 
tartrate  after  color  development. 


THE  necessity  for  the  determination  of  small  amounts  of 
silicon  in  magnesium  metal  and  its  alloys  has  become  in¬ 
creasingly  urgent.  According  to  Mellor  (8),  silicon  and  silica 
are  converted  to  silicides  in  molten  magnesium  and  appear  as 
a  eutectic  mixture.  Occasionally,  with  larger  amounts  of  silicon, 
crystals  of  Mg2Si  form,  according  to  Beck  (2),  which  may  be 
detected  metallographically.  Examination  of  the  hydrochloric 
acid  residue  from  100  grams  of  incendiary  bomb  alloy  revealed 
no  free  silicon.  In  view  of  these  findings,  it  is  assumed  that  all 
silicon  in  magnesium  metal  is  present  as  silicide  which  may  be 
readily  converted  to  silica  by  treatment  with  nitric  acid. 

This  work  is  intended  to  describe  a  rapid  and  accurate  photo¬ 
metric  method  for  the  determination  of  silicon  in  magnesium  and 
its  alloys.  It  is  based  on  the  reduction  of  the  silicomolybdic  acid 
complex  H8[Si(Mo07)6].H20  (3,  6)  to  molybdenum  blue,  Mo308.- 
H20  (3). 


The  first  attempt  in  this  laboratory  to  determine  the  amount  of 
silicon  in  magnesium  metal  and  its  alloys  made  use  of  the  yellow 
complex  (10,  11).  Iron,  which  offered  the  principal  interference 
in  this  procedure,  was  removed  as  basic  formate  (12).  Following 
this  practice,  the  silicon  found  was  consistently  low. 

A  procedure  for  the  determination  of  silica  has  been  reported 
utilizing  the  blue  color  from  a  sodium  sulfite  reduction  of  the 
silicomolybdic  acid  complex  (4,  5,  7).  In  order  to  prevent  the 
hydrolysis  of  salts  of  aluminum,  zinc,  and  iron  present  in  the  solu¬ 
tion  of  the  alloys,  the  molybdenum  blue  was  first  developed  by 
sulfite  at  a  pH  of  3,  using  formic  acid  to  attain  this  acidity.  As 
in  the  case  of  acetic  acid  (7)  continued  reduction  of  the  ammonium 
molybdate  reagent  yielded  utterly  unreliable  results.  At  this 
pH,  microscopic  bubbles  of  sulfur  dioxide  very  definitely  interfere 
with  transmission  readings. 

To  make  possible  the  comparison  of  the  molybdenum  blue  on 
the  neutral  or  alkaline  side,  ammonium  tartrate  was  employed 
to  complex  the  aluminum,  zinc,  and  iron  present  in  the  alloys. 
This  procedure  gave  consistent  results.  The  cloudiness  due  to  the 
initial  hydrolysis  of  the  salts  of  weak  bases  during  the  develop¬ 
ment  of  molybdenum  blue  disappeared  completely  at  room  tem¬ 
perature  after  50  minutes.  Longer  periods  of  standing  resulted 
in  extremely  small  changes  in  transmission.  In  the  higher  con¬ 
centrations  of  silicon  the  development  time  had  greater  signifi¬ 
cance.  This  was  not  sufficient,  however,  to  warrant  a  develop¬ 
ment  period  longer  than  one  hour. 

Reagents  and  samples  were  prepared  in  paraffin-lined  flasks 
and  quartz  beakers,  respectively.  Vycor  glassware  was  also  found 
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Table  I.  Addition  of  Silicon  as  Sodium  Silicate 


-Silicon- 


Weight  of 
Sample 

Present  by 
analysis 

Added 

Found 

Silicon 

Grams 

Mg. 

Mg. 

Mg. 

% 

2.0000 

To  Weighed  Amounts 

0.062 

of  Magnesium  Metal 

0.051  0.126 

0.0031 

2 . 0000 

0.072 

0.051 

0.121 

0.0036 

2.0000 

0.074 

0.051 

0  124 

0 . 0037 

2 . 0000 

0.080 

0.051 

0.128 

0 . 0040 

2.0000 

0.099 

0.051 

0.143 

0 . 0050 

To  Weighed  Amounts  of  Magnesium  Alloys  Containing  Zine, 

Aluminum, 

1.2756 

and  Manganese 

0.402  0.100 

0.502 

0.0315 

1 . 0884 

0.294 

0.100 

0.405 

0.0267 

1.0584 

0.397 

0.100 

0.513 

0.0375 

1.5240 

0.431 

0.100 

0.438 

0 . 0283 

Table  II.  Influence  of  Copper  on  Standard  Sodium 
Silicate  Solution 


Silicon  Present 
Mg. 

0.625 
0 . 625 
0.625 
0.625 
0.625 


Copper  Present 
Mg. 

1 

2 

3 

4 

None 


Silicon  Found 
Mg. 

0.640 

0.610 

0.578 

0.575 

0.625 


to  be  suitable.  The  only  contact  with  less  resistant  glassware 
came  at  the  time  of  making  the  sample  up  to  volume  and  in  com¬ 
parison  in  the  colorimeter  cell. 

Color  measurements  were  made  on  a  Lumetron  colorimeter, 
Model  402  E,  using  a  narrow-band  filter  having  maximum  trans¬ 
mission  at  610  millimicrons,  which  effectively  eliminated  the 
error  due  to  iron.  If  this  element  is  present  in  amounts  no 
greater  than  0.02  per  cent,  any  visual  or  photometric  instrument 
is  adequate  for  the  estimation  of  silicon.  The  50-mm.  depth 
cell  was  employed.  A  Beckman  pH  meter  was  used  for  all  pH 
adjustments. 

Aluminum,  iron,  nickel,  zinc,  lead,  tin,  manganese,  and  tita¬ 
nium  occurring  in  amounts  characteristic  of  magnesium  alloys 
offered  no  interference. 

Copper  exceeding  0.2  per  cent  resulted  in  slightly  lower  trans¬ 
mission  values.  This  error  did  not  increase  markedly  with  larger 
amounts  of  copper.  Alloys  containing  0.1  to  0.2  per  cent  copper 
were  dissolved  in  cold  6  N  sulfuric  acid.  The  copper  was  removed 
by  filtration  and  the  filtrate  boiled  with  nitric  acid  to  complete 
the  oxidation  of  the  silicon  compounds.  Small  losses  of  silicon 
hydride  resulted  from  following  this  procedure. 

Chloride,  sulfate,  perchlorate,  and  nitrate  were  without  influ¬ 
ence.  Phosphate  very  definitely  interfered,  but  only  in  concen¬ 
tration  greater  than  was  found  in  a  large  number  of  samples  of 
:  magnesium  and  magnesium  alloys. 

Reagents 

Hydrochloric  acid,  1  N.  Ammonium  carbonate,  dilute  solu¬ 
tion.  Ammonium  molybdate,  100  grams  (81.0  per  cent  Mo03) 
per  liter.  Sodium  sulfite,  170  grams  of  anhydrous  sodium  sul¬ 
fite  per  liter.  Sodium  silicate,  0.025  mg.  of  silicon  per  ml., 
standardized  by  dehydration  with  perchloric  acid  followed  by 
sulfuric  acid  and  hydrofluoric  acid  treatment.  Ammonium 
j  tartrate,  400  grams  per  liter.  Nitric  acid,  equal  volumes  of  con¬ 
centrated  acid  and  water. 

Procedure  for  Determining  Silicon  in  Magnesium 
Metal  and  Magnesium  Alloys 

Dissolve  2  grams  of  the  metal  in  a  quartz  or  Vycor  beaker  by 
the  dropwise  addition  of  50  ml.  of  1  to  1  nitric  acid.  Boil  for 
15  minutes  to  remove  all  oxides  of  nitrogen.  Cool,  transfer  to 
a  100-ml.  volumetric  flask,  and  make  up  to  the  mark.  Pipet  a 
25-ml.  aliquot  into  a  quartz  or  Vycor  beaker,  adjust  to  a  pH  of 
approximately  4  with  ammonium  carbonate,  add  5  ml.  of  am¬ 
monium  molybdate  reagent,  and  adjust  with  the  hydrochloric 
acid  reagent  to  a  pH  range  of  2.4  to  2.7.  Allow  the  silicomolybdic 
acid  complex  to  develop  for  2  minutes.  Add  25  ml.  of  sodium 
sulfite  reagent.  After  letting  stand  for  10  minutes,  add  10  ml. 


of  ammonium  tartrate  reagent  and  dilute  to  100  ml.  Read  the 
transmission  at  about  610  millimicrons  in  the  colorimeter  after 
a  50-minute  period  of  standing. 

If  copper  is  present  in  amounts  greater  than  0.2  per  cent,  dis¬ 
solve  the  sample  in  a  quartz  or  Vycor  beaker  by  the  dropwise 
addition  of  cold  6  N  sulfuric  acid.  Filter  off  the  copper  residue, 
add  10  ml.  of  concentrated  nitric  acid,  and  boil,  proceeding  as 
above. 

If  fluoride  is  present,  error  due  to  this  element  may  be  avoided 
by  the  addition  of  5  ml.  of  saturated  boric  acid  prior  to  solution 
of  the  sample  in  nitric  acid  (1) . 

Aliquots  containing  no  more  than  0.05  mg.  of  silicon  were 
used  to  establish  the  results  in  Tables  I  to  IV. 

Summary 

Silicon  in  magnesium  alloys  may  be  determined  colorimetrically 
by  the  molybdenum  blue  method  with  an  average  error  of  5  per 
cent  on  amounts  ranging  from  0.002  to  0.05  per  cent.  Probably 
higher  concentrations  might  be  determined  with  the  same  degree 
of  accuracy,  provided  sufficient  care  were  maintained  in  making 
dilutions.  The  maximum  amount  of  silicon  that  may  be  present 
in  the  final  aliquot  should  not  exceed  0.05  mg.  Use  of  ammonium 
tartrate  prevented  the  interference  of  aluminum,  iron,  and  zinc, 
making  possible  the  measurement  of  a  stable  molybdenum  blue  at 
a  pH  of  approximately  7.2. 

Copper  concentrations  up  to  0.2  per  cent  gave  no  interference. 
Error  due  to  larger  amounts  of  copper  was  eliminated  by  solution 
of  the  alloy  in  cold  6  N  sulfuric  acid  with  subsequent  filtration 
and  oxidation  of  the  soluble  silicon  hydride  with  nitric  acid. 
Lead,  manganese,  tin,  titanium,  and  nickel,  in  concentrations 
normally  encountered  in  magnesium  alloys,  did  not  interfere. 


Table  III.  Influence  of  Phosphorus  on  Standard  Sodium 
Silicate  Solution 


PO< 

Mg. 

0.0 

0.05 

0.10 

0.15 

0.20 

0.30 

1.35 

Silicon  Present 

Mg. 

0.125 

0.125 

0.125 

0.125 

0.125 

0.125 

0.125 

Silicon  Found 

Mg. 

0.127 

0.131 

0.127 

0.129 

0.134 

0.126 

0.116 

Table  IV.  Influence  on  Sulfuric  Acid  Solution  of  Mag- 

nesium  Allot  Containing  Zinc,  Manganese,  and  Aluminum 

Silicon  Found, 

Silicon  Present, 

Solution  in 

Solution  in 

Weight  of  Alloy 

Sulfuric  Acid 

Nitric  Acid 

Gram 

Mg. 

Mg. 

1.0000 

0.265 

0.283 

1 . 0000 

0.258 

0.283 
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Colorimetric  Determination  of  Fluoride  in 
Natural  Waters  with  Thorium  and  Alizarin 

N.  A.  TALVITIE 

Washington  State  Department  of  Health,  Seattle,  Wash. 


ATHORIUM-alizarin  lake  has  been  used,  following  isolation  of 
fluoride  by  distillation,  in  the  determination  of  fluoride  by 
volumetric  ( 8 )  and  colorimetric  (S')  procedures.  In  the  method 
described  herein  this  lake  has  been  adapted  to  the  colorimetric 
determination  of  small  quantities  of  fluoride  in  potable  waters, 
without  prior  isolation  by  distillation,  in  a  manner  similar  to  the 
use  of  a  zirconium  lake  in  many  of  the  colorimetric  methods  (1 ,  4, 
5)  now  in  use.  The  use  of  thorium  overcomes  several  of  the 
difficulties  experienced  with  the  use  of  zirconium — i.  e.,  slowness 
of  the  reaction,  tendency  of  the  lake  to  precipitate,  and  insta¬ 
bility  of  the  reagents. 

The  method  involves  a  combination  of  hydrolytic,  adsorption, 
and  complex-ion  equilibria.  A  dilute  solution  of  thorium  nitrate 
at  pH  3.5  consists  of  a  hydrous  thorium  dioxide  sol  stabilized  by 
the  preferential  adsorption  of  hydrogen  and  thorium  ions  (7). 
Being  positively  charged  in  this  condition,  the  oxide  further  ad¬ 
sorbs  anions  which  in  this  case  are  nitrate  ions.  Alizarin  mono¬ 
sodium  sulfonate  is  a  salt  of  a  weak  acid  and,  consequently,  is 
almost  completely  hydrolyzed  at  pH  3.5  to  the  yellow  associated 
acid.  The  acid,  however,  dissociates  (2)  in  the  presence  of  thoria 
sol  with  the  formation  of  a  deep  red  adsorption  complex  of  alizarin 
sulfonate  ion  and  the  positively  charged  hydrous  oxide.  This 
process  is  principally  an  exchange  adsorption  of  the  alizarin 
sulfonate  ion  with  less  strongly  adsorbed  anions  on  the  oxide. 
Addition  of  fluoride  to  the  adsorption  complex  converts  the  thoria 
into  a  fluoride  of  thorium,  releasing  alizarin  sulfonate  ions  which 
reassociate  into  the  yellow  alizarin  sulfonic  acid.  With  reagents 
of  proper  concentrations,  the  color  changes  progressively  from 
red  to  yellow  with  increasing  quantities  of  fluoride.  Thus  a 
series  of  colorimetric  standards  may  be  prepared  with  which  a 
sample  of  unknown  fluoride  content  may  be  compared. 

Equilibrium  in  the  thoria  sol  is  displaced  by  slight  changes  in 
hydrogen-ion  concentration;  therefore,  the  pH  of  both  sample 
and  standards  must  be  stabilized  by  means  of  a  buffer.  The 
system  sodium  formate-formic  acid  has  a  pH  of  about  3.5  and 
was  found  convenient  for  the  purpose.  In  order  to  keep  the 
quantity  of  buffer  to  a  minimum,  the  sample  is  subjected  to  a 
preliminary  neutralization.  Sodium  sulfate,  added  to  both  sam¬ 
ple  and  standards,  reduces  interference  of  the  sulfate  ion. 

Reagents 

Thorium  reagent,  0.001  M  with  respect  to  thorium  nitrate, 
and  1  M  with  respect  to  each  sodium  sulfate,  formic  acid,  and 
sodium  formate. 

Alizarin  indicator,  0.00025  M,  0.0855  gram  of  alizarin  mono¬ 
sodium  sulfonate  in  1  liter. 

Standard  fluoride  solution,  1  ml.  equals  0.01  mg.  of  fluoride; 
0.0221  gram  of  sodium  fluoride  in  1  liter. 

Nitric  acid,  0.3  N. 


Procedure 

Standards.  Transfer  0,  2,  4,  6,  8,  10,  and  12  ml.  of  standard 
fluoride  solution  to  a  series  of  100-ml.  long-form  Nessler  tubes, 
each  of  which  has  been  previously  marked  at  110  ml.,  and  add 
5  ml.  of  alizarin  indicator  to  each.  Dilute  to  110  ml.  with  dis¬ 
tilled  water  and  add  5  ml.  of  thorium  reagent.  Mix  well  and  allow 
to  stand  30  minutes. 


Sample.  Transfer  a  100-ml.  sample  to  an  Erlenmeyer  flask 
and  add  to  it  5  ml.  of  alizarin  indicator.  Titrate  carefully  with 
0.3  N  nitric  acid  to  a  pure  yellow.  Pour  into  a  Nessler  tube, 
dilute  to  110  ml.,  add  5  ml.  of  thorium  reagent,  and  mix  well. 
Compare  after  30  minutes  with  the  standards.  Should  the 
fluoride  content  of  the  sample  be  beyond  the  range  of  the  stand¬ 
ards,  repeat  the  determination  with  a  smaller  sample. 

Effects  of  Ions  and  Conditions 

Common  Ions.  Experience  with  zirconium-alizarin  methods 
(1,  4,  5)  and  the  method  described  has  shown  that,  when  correc¬ 
tions  are  made  only  for  the  effects  of  sulfate  and  chloride,  the 
fluoride  found  in  a  100-ml.  sample  is  less  than  double  or  quad¬ 
ruple  the  fluoride  found  in  a  50-ml.  or  25-ml.  sample  diluted  to  100 
ml.  This  indicates  the  necessity  of  considering  the  combined 
interference  of  other  ions  tending  to  give  low  results  whose  indi¬ 
vidual  effects  may  be  negligible.  Although  the  effects  of  the 
interfering  ions  are  not  strictly  additive,  the  error  introduced  in 
applying  corrections  on  the  assumption  that  they  are  additive  is 
of  no  consequence  in  the  determination  of  fluoride  in  a  sample 
containing  no  more  than  100  mg.  of  any  one  ion.  Approximate 
effects  of  the  common  ions  are  as  follows:  100  mg.  of  sulfate  are 
equivalent  to  +0.02  mg.  of  fluoride;  100  mg.  of  calcium,  mag¬ 
nesium,  or  chloride  are  equivalent  to  —0.01  mg.  of  fluoride;  100 
mg.  of  nitrate  are  equivalent  to  —0.005  mg.  of  fluoride.  Since 
the  ionic  weight  of  nitrate  is  approximately  that  of  bicarbonate, 
the  quantity  of  nitrate  introduced  in  neutralization  of  the  sample 
may  be  considered  identical  to  the  quantity  of  bicarbonate  origi¬ 
nally  present.  Sodium  and  potassium  have  no  effect. 

Other  Ions.  When  phosphate  or  aluminum  is  present,  the 
fluoride  must  be  isolated  by  a  distillation  procedure  (8)  prior  to 
determination  of  fluoride.  Phosphate  may  be  recognized  by  the 
turbidity  of  the  sample  caused  by  the  precipitation  of  thorium  • 
phosphate.  Aluminum  is  indicated  by  failure  to  obtain  the  pure 
yellow  color  of  the  alizarin  when  the  sample  is  neutralized  with 
nitric  acid.  Aluminum  forms  a  lake  with  alizarin,  the  orange 
color  of  which  is  not  immediately  discharged  by  an  excess  of  the 
acid.  Iron  occasionally  may  be  present  in  sufficient  quantities 
to  give  a  purple  or  black  tinge  to  the  sample,  making  comparison 
difficult.  In  such  case  iron  may  be  removed  from  the  water  sam¬ 
ple  by  aerating  and  filtering.  Acid  waters  should  be  made  alka¬ 
line  before  aerating.  Silica  in  quantities  as  high  as  20  mg.  does 
not  interfere. 

Color.  Waters  containing  organic  coloring  matter  may  be 
analyzed  for  fluoride  by  the  Walpole  ( 6 )  technique  by  using  100- 
ml.  short-form  Nessler  tubes  in  a  simply  constructed  comparator 
in  which  the  sample  tube  rests  above  a  tube  of  distilled  water 
and  the  standard  rests  above  a  tube  of  a  duplicate  sample  con¬ 
taining  5  ml.  of  thorium  reagent  but  no  alizarin.  Comparison  is 
made  by  viewing  from  the  top  through  the  lengths  of  two  tubes. 

Temperature.  Differences  of  temperature  between  standard 
and  sample  cause  an  apparent  deviation  of  0.002  mg.  of  fluoride 
per  degree  centigrade.  The  standards  and  samples  are  prefer¬ 
ably  brought  to  constant  temperature  in  a  water  bath. 

Time.  Equilibrium  is  reached  within  30  minutes.  No  visible 
change  occurs  in  the  standards  upon  standing  as  long  as  a  week  in 
darkness. 
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Summary 

V.  procedure  is  proposed  for  the  colorimetric  determination  of 
mde  in  natural  waters  containing  not  more  than  1000  parts  per 
lion  of  any  one  of  the  common  ions.  By  applying  small  cor- 
tions,  results  may  be  obtained  to  0.1  part  per  million  of  fluoride 
,h  the  use  of  a  100-ml.  sample.  Phosphate  and  aluminum 
erfere,  but  their  presence  may  be  recognized  in  the  course  of 
i  determination.  The  method  excels  previous  colorimetric 
thods  in  speed,  accuracy,  and  stability  of  reagents. 
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Modified  Basic  Succinate  Estimation  of 
Aluminum  in  Magnesium  Alloys 

A.  J.  BOYLE  AND  D.  F.  MUSSER 

Laboratories  of  Basic  Magnesium,  Incorporated,  Las  Yegas,  Nevada 


The  modification  of  the  Willard  and  Tang 
basic  succinate  procedure  described  is 
rapid,  simple,  and  accurate  and  is  advo¬ 
cated  as  a  routine  as  well  as  a  referee 
method  for  aluminum.  The  accuracy  ob¬ 
tained  is  equivalent  to,  or,  in  certain  cases, 
greater  than,  that  obtained  with  the  ben- 
zoate-oxine  procedure.  Procedures  are 
given  for  avoiding  interference  from  iron, 
silicon,  and  copper. 

WHE  purpose  of  this  investigation  is  to  establish  a  rapid  and 
accurate  routine  method  for  the  determination  of  aluminum 
magnesium  alloys  and  to  compare  it  with  the  recent  benzoate- 
ne  method  (2),  which  involves  preliminary  separation  of 
iminum  as  benzoate  from  most  bivalent  metals. 

The  basic  succinate  method  submitted  is  a  modification  of  the 
llard  and  Tang  procedure  (4)  for  the  determination  of  alu- 
num  by  precipitation  with  urea.  In  the  modified  procedure  as 
:d  by  the  laboratories  of  Basic  Magnesium,  Incorporated,  the 
oy  is  dissolved  in  dilute  hydrochloric  acid,  to  which  ammonium 
.oride,  succinic  acid,  and  urea  are  subsequently  added.  This 
ution,  diluted  to  the  proper  volume,  is  made  just  alkaline  to 
thyl  orange  by  the  addition  of  dilute,  freshly  filtered  am- 
>nium  hydroxide  or  a  solution  of  ammonium  carbonate, 
iling  the  solution  gently  for  90  minutes  results  in  the 
antitative  precipitation  of  aluminum  as  basic  succinate.  This 
>cedure  for  aluminum  is  believed  by  the  authors  to  be  the  most 
)id  accurate  method  available.  It  requires  only  a  modicum 
analytical  skill  and  is  advocated  as  a  routine  as  well  as  referee 
thod  to  establish  the  aluminum  content  of  magnesium  alloys, 
e  precipitate  of  basic  aluminum  succinate  is  extremely  dense, 
that  filtration  is  rapid.  One  precipitation  is  sufficient  for 
Bctive  separation  from  bivalent  metals  commonly  occurring  in 
.gnesium  alloys.  This  separation  is  not  quantitatively  possible 
the  ammonium  hydroxide  procedure  for  aluminum,  particu- 
ly  in  the  presence  of  zinc  ( 1 ). 

Reagents 

Succinate  reagent.  10  grams  of  urea,  5  grams  of  ammonium 
oride,  and  5  grams  of  succinic  acid,  diluted  to  300  ml. 
Hydrochloric  acid,  c.  p.;  perchloric  acid,  c.  p.;  ammonium 
droxide,  filtered;  ammonium  carbonate,  c.  p.,  5  per  cent  solu¬ 


tion.  Phenylhydrazine,  c.  p.;  hydroxy lamine  hydrochloride, 
c.  p.  ;  and  ammonium  bisulfite,  10  per  cent  solution. 


Procedure 

Weigh  a  1-gram  sample  of  the  alloy  into  a  600-ml.  beaker. 
Treat  with  50  ml.  of  distilled  water  and  10  ml.  of  concentrated 
hydrochloric  acid.  After  the  alloy  is  dissolved,  filter  to  remove 
metallic  copper.  The  interference  due  to  appreciable  amounts 
of  iron  is  prevented  by  adding  to  the  heated  filtrate  a  few  drops 
of  a  10  per  cent  solution  of  ammonium  bisulfite  and  2  ml.  of 
phenylhydrazine.  This  treatment  serves  to  reduce  the  iron  and 
to  maintain  it  in  a  ferrous  state  during  the  precipitation  of 
aluminum  as  basic  succinate.  Dilute  with  300  ml.  of  succinate 
reagent  and  boil  gently.  Make  the  solution  just  alkaline  to 
methyl  orange  with  freshly  filtered  1  to  1  ammonium  hydroxide 
or  a  solution  of  ammonium  carbonate.  Continue  boiling  gently 
for  90  minutes,  precipitating  the  aluminum  as  basic  succinate. 
Gentle  boiling  is  very  effective  and  does  not  reduce  the  total 
volume  quickly.  No  special  care  need  be  given  the  solution 
during  this  period. 

Filter  through  a  paper  of  loose  texture.  Dissolve  the  small 
amount  of  precipitate  which  adheres  to  the  beaker  in  20  ml.  of  1  to 
4  hydrochloric  acid  and  reprecipitate  by  adding  1  to  1  ammonium 
hydroxide  until  just  alkaline  to  methyl  red.  Boil  the  solution  for 
one  minute  and  filter  through  the  paper  containing  the  major 
portion  of  the  precipitate.  Wash  the  precipitate  six  times  with 
hot  1  per  cent  ammonium  chloride  made  alkaline  to  methyl  red 
with  ammonium  hydroxide.  Ignite  the  precipitate  at  1300°  C. 
for  one  hour  to  form  nonhygroscopic  Corundum,  cool,  and  weigh 
as  oxide.  Unglazed  porcelain  crucibles  appear  to  be  best  for  this 
purpose  since  they  show  no  change  in  weight.  For  long  life  of 
the  crucible  it  is  advisable  to  dry  the  crucible  and  precipitate  in  a 
standard  oven  before  ignition.  For  rapid  routine  analysis,  it  is 
preferable  to  brush  the  precipitate  out  of  the  crucible  and  weigh 
directly  as  oxide. 

If  silicon  is  present  in  quantities  greater  than  0.2  per  cent  dis¬ 
solve  the  alloy  in  30  ml.  of  1  to  2  perchloric  acid.  Evaporate  the 
solution  on  a  hot  plate  to  copious  fumes  of  perchloric  acid. 
Cool,  dilute  to  50  ml.  with  distilled  water,  and  filter  through  a 
fast  paper.  Wash  the  precipitate  six  times  with  hot  distilled 
water  and  discard.  Copper  is  dissolved  by  this  procedure.  In 
order  to  eliminate  the  error  due  to  this  element,  add  20  ml.  of 
the  ammonium  bisulfite  reagent  to  the  solution  (4),  or  (if  iron  is 
absent)  1  gram  of  hydroxylamine.  Add  300  ml.  of  the  succinate 
reagent  and  continue  as  described  previously. 


Discussion 

For  a  comparison  of  the  basic  succinate  method  with  the 
benzoate-oxine  method  and  with  precipitation  by  ammonium  car¬ 
bonate  (used  because  it  is  silica-free),  a  standard  solution  of 
aluminum  chloride  was  prepared  by  dissolving  aluminum  metal 
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Table  I.  Analyses  of  Standard  Solution  of  Aluminum 

Chloride  • 


Aluminum  Determination 

A1  Present 

A1  Found 

Error 

pH  of 
Filtrate 

As  oxine  by  benzoate-oxine 

Mg. 

51.55 

Mg. 

51.28 

Mg. 

-0.27 

5.3 

precipitation 

51.55 

51.30 

-0.25 

5.3 

51.55 

51.49 

-0.06 

5.5 

As  oxide  by  ammonium  car¬ 

51.55 

51.32 

-0.23 

7.1 

bonate  precipitation 

51.55 

51.43 

-0.12 

6.8 

51.55 

51.48 

-0.07 

6.8 

As  oxide  by  basic  succinate 

51.55 

51.59 

+  0.04 

5.2 

precipitation 

51.55 

51.59 

+  0.04 

5.2 

Table  II.  Analyses  of  Standard  Solution  of  Aluminum 
Chloride  Containing  Magnesium,  Nickel,  Manganese, 
Cadmium,  and  Iron 

Aluminum  Determination 

A1  Present 

A1  Found 

Error 

Mg. 

Mg. 

Mg. 

As  oxine  by  benzoate-oxine 
precipitation 

51.80 

51.80 

51.80 

52.32 

52.21 

52.25 

+0.52 
+  0.41 
+  0.45 

As  oxide  by  basic  succinate 
precipitation 

51.80 

51.80 

51.80 

51.80 

51.75 

51.86 

0.0 

-0.05 

+0.06 

of  99.99  per  cent  purity  in  a  sufficient  quantity  of  dilute  hydro¬ 
chloric  acid.  This  was  diluted  to  1  liter,  from  which  25-ml. 
aliquots  were  taken  containing  51.55  mg.  of  aluminum  as  chloride. 
A  second  solution  was  later  prepared  containing  51.80  mg.  of 
aluminum  as  chloride  per  25  ml.  of  solution. 

To  each  of  6  samples  of  aluminum  chloride  solution  containing 
51.80  mg.  of  aluminum,  the  following  substances  were  added  as 
chlorides:  1  gram  of  magnesium,  5  mg.  each  of  nickel,  man¬ 
ganese,  and  cadmium,  and  2  mg.  of  iron. 

As  indicated  in  Table  II,  the  samples  were  analyzed  for  alu¬ 
minum  by  both  the  benzoate-oxine  and  modified  basic  succinate 
procedures.  The  interference  of  iron  was  avoided  in  the  pre¬ 
cipitation  of  aluminum  as  basic  succinate  with  ammonium  bisul- 
fite-phenylhydrazine  treatment,  as  described  in  the  Procedure. 
The  bisulfite-phenylhydrazine  treatment  wa°  used  in  various 
unsuccessful  attempts  to  reduce  the  iron  error  in  the  benzoate- 
oxine  method.  Stenger,  Kramer,  and  Beshgetoor  (2)  suggest 
the  removal  of  iron  by  treatment  with  hydrogen  sulfide  before 
precipitation  of  aluminum  with  oxine.  This  refinement  was 
not  made.  Since  the  concentrations  of  contaminants  present  in 
these  six  samples  greatly  exceed  those  normally  found  in  magne¬ 
sium  alloys,  the  figures  in  Table  II  should  not  be  taken  as  typical 
of  benzoate-oxine  lesults  on  ordinary  alloys.  They  do  show, 
however,  that  no  interference  occurs  in  the  basic  succinate  pro¬ 
cedure. 


Table  III.  Analyses  of  Standard  Solution  of  Aluminum 
Chloride  Containing  Magnesium,  Aluminum,  and  Zinc 


Aluminum  Determination 

Series 

A1  Present 
Mg. 

A1  Found 
Mg. 

Error 

Mg. 

As  oxide  by  benzoate  precipitation 

A 

51.80 

52.54 

+0.74 

(ignition  temperature  1300°  C.) 

B 

51.80 

52.70 

+0.90 

As  oxide  by  basic  succinate  pre- 

A 

51.80 

51.75 

-0.05 

cipitation 

B 

51.80 

51.86 

+  0.06 

In  order  to  establish  the  relative  tendencies  to  coprecipitate  zinc 
in  the  determination  of  aluminum  by  both  the  basic  succinate 
and  benzoate  procedures,  the  latter  not  followed  by  oxine  pre¬ 
cipitation,  synthetic  solutions  were  prepared  containing  magne¬ 
sium,  aluminum,  and  zinc.  Series  A  contained  one  gram  of 
magnesium,  51.80  mg.  of  aluminum,  and  40  mg.  of  zinc.  Series 
B  contained  the  same  concentrations  of  magnesium  and  aluminum 
with  80  mg.  of  zinc. 


Table  IV  illustrates  the  error  introduced  due  to  silica  coe 
tamination  in  the  aluminum  precipitation  by  both  benzoate  an 
succinate  procedures.  Each  sample  contained  51.80  mg.  c 
aluminum  as  chloride.  The  aluminum  precipitates  were  analyze' 
colorimetrically  for  silica. 

V. 


Table  IV.  Error  Due  to  Silica 


Aluminium 

SiCh  Added  as 

SiCh  Found  in 

Precipitation 

Sodium  Silicate 

Precipitate 

Mg. 

Mg. 

As  benzoate 

1.0 

0.045 

2.5 

0.254 

5.0 

0.468 

By  succinate 

1.0 

0.000  . 

2.5 

0.000 

5.0 

0.027 

In  a  few  instances  magnesium  alloys  may  contain  as  much  a 
0.5  per  cent  silicon.  Chloride  solutions  were  prepared  contain! 

1  gram  of  magnesium,  50  mg.  of  aluminum,  and  5.5  mg.  of  sib* 
as  sodium  silicate.  Dehydration  by  the  use  of  perchloric7 li 
(8)  resulted  in  the  recovery  of  the  silicon  without  measurabl 
loss  of  aluminum  from  solution.  Hydrofluoric-sulfuric  ?ci< 
treatment  of  the  insoluble  residue  from  perchloric  acid  dehyc+a 
tion  is  unnecessary  for  the  amounts  of  silicon  usually  present  ii 
magnesium  alloys. 


Table  V.  Duplicate  Analyses  of  Magnesium  Alloys  Con 
taining  Zinc  (3%),  Aluminum  (6%),  and  Manganese  (0.3% 


A1  by 

A1  by 

Sample 

Succinate 

Benzoate-Oxine 

% 

% 

1 

5.98 

6.00 

la 

5.98 

5.99 

2 

5.36 

5.32 

2a 

5.36 

5.35 

3 

5.94 

5.93 

3a 

5.94 

5.95 

4 

5.76 

5.82 

4a 

5.73 

5.83 

5 

5.71 

5.85 

5a 

5.70 

5.72 

Summary 

A  modification  of  the  Willard  and  Tang  basic  succinate  pro 
cedure  is  advocated  as  a  rapid  and  accurate  routine  method  as 
well  as  a  referee  method  for  aluminum.  The  accuracy  attainer 
is  equivalent  to,  or,  in  certain  cases,  greater  than,  that  given  b; 
the  benzoate-oxine  procedure.  One  precipitation  is  sufficieni 
to  separate  aluminum  effectively  as  basic  succinate  from  mosl 
bivalent  metals.  The  resulting  precipitate  is  extremely  dense 
so  that  filtration  and  washing  are  rapid.  It  is  essential  to  ignite 
the  precipitate  at  1300°  C.  in  order  to  convert  it  complete!', 
nonhygroscopic  Corundum  within  one  hour.  For  this  purposf 
a  Hevi-Duty  muffle,  Model  HDT  5610,  was  used.  A  tempera¬ 
ture  of  1200°  C.  may  be  used  if  a  sufficiently  long  ignition  period 
is  allowed.  Procedures  are  given  for  avoiding  interference  from 
iron,  silicon,  and  copper. 
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Iodometric  Estimation  of  Zinc  in  Magnesium 

Alloys 

CLYDE  C.  CVSTO  AND  ALBERT  J.  BOYLE 
Basic  Magnesium,  Incorporated,  Las  Vegas,  Nevada 


By  modification  of  Lang’s  iodometric  procedure, 
zinc  may  be  determined  in  the  presence  of  iron, 
after  removal  of  manganese  by  persulfate  oxida¬ 
tion  and  of  copper  as  free  copper  by  boiling  with 
test  lead.  A  direct  procedure  is  outlined  for  alloys 
containing  more  than  2  per  cent  of  zinc,  and  a 
concentration  method  employing  hydrogen  sulfide 
is  used  for  alloys  containing  less  than  this  amount. 


Y<HE  increasing  demand  for  magnesium  alloys  containing 

aluminum  and  zinc  has  stimulated  investigation  of  an  iodo- 
■tric  method  for  the  determination  of  zinc  as  proposed  by  Lang 
\2,  3)  and  later  by  Gamzulov  (1).  Modification  of  the  original 
procedure  makes  possible  the  determination  of  zinc  in  the  pres- 
n  e  of  iron,  after  the  removal  of  manganese  as  manganese  dioxide 
iy  persulfate  oxidation,  and  of  copper  as  free  copper  by  boiling 
rith  test  lead. 

The  general  principle  of  the  Lang  method  involves  the  libera- 
ion  of  iodine  by  the  addition  of  potassium  ferricyanide  to  a 
lightly  acid  zinc  sulfate  solution  containing  excess  potassium 
odide.  The  zinc  precipitates  as  K2Zn3[Fe(CN)6]2  according  to 
he  equation: 

ZnSO,  +  2K3Fe(CN)6  +  2KI  = 

K2Zn3[Fe(CN)6]2  d-  3K2S04  -(- 13 

2Fe(CN)6—  +  21-  u=±  2Fe(CN)6 - +  I2 

The  iodine  liberated  is  titrated  with  standard  sodium  thio- 
alfate.  After  the  precipitation  of  zinc  is  complete,  the  rate  of 
beration  of  iodine  from  potassium  iodide  by  potassium  ferri- 
yanide  becomes  sufficiently  retarded  to  make  possible  an  ex- 
remely  accurate  estimation  of  zinc. 

The  method  is  advocated  for  magnesium  alloys  containing  zinc 
i  excess  rf  ?  ner  cent.  The  inconvenience  of  precipitating  zinc 
3  the  ouaiuv  '  hydrogen  sulfide  gas  is  eliminated,  making 
ossible  the  determination  of  a  larger  number  of  samples  in  much 
:ss  time.  The  acduracy  obtained  is  equal  to  or  greater  than 
rat  of  the  conventional  methods  for  zinc. 

If  alloys  of  lower  >zinc  composition  are  encountered,  it  is  neces- 
iry  to  concentrate  the  zinc  from  a  larger  sample  by  a  preliminary 
ydrogen  sulfide  separation,  or  to  add  standard  zinc  sulfate  solu- 
on  to  the  sample  before  titration. 

Reagents 

Aassium  ferricyanide,  c.  p.  (0.2  molar) ;  test  lead,  granular; 
umonium  persulfate,  C.  p.  ;  sodium  or  ammonium  citrate,  c.  p. 
0  per  cent  solution).  Manganous  sulfate,  c.  p.  (1  gram  of 
ia  iganese  per  liter  of  solution);  potassium  iodide,  c.  p.;  starch 
ilution  (1  per  cent);  sodium  thiosulfate,  0.1  N,  and  hydrogen 
ilfide. 

Procedure 

Transfer  2  grams  of  the  alloy  to  a  400-ml.  beaker,  and  add 
)  ml.  of  distilled  water  and  35  ml.  of  1  to  2  sulfuric  acid  in  small 
Iprtions.  During  this  operation  keep  the  beaker  covered  as 
uch  as  possible  with  a  watch  glass  to  avoid  loss  by  mechanical 
>ray.  In  the  event  copper  is  present,  add  5  to  10  grams  of 
■st  lead  and  boil  the  solution  for  15  minutes.  Filter  through  a 
st  paper  and  wash  the  residue  five  times  with  hot  distilled 
ater.  To  the  filtrate,  add  sufficient  manganous  sulfate  solution 
>  ensure  the  presence  of  approximately  10  mg.  of  manganese 
the  sample.  Add  not  more  than  1  gram  of  ammonium  per¬ 


sulfate  and  boil  the  solution  for  30  minutes.  The  manganous 
sulfate  which  is  added  ensures  the  precipitation  of  all  manganese 
present  as  a  filterable  manganese  dioxide.  Filter  the  hot  solu¬ 
tion  through  a  Selax  No.  3001  or  similar  porcelain  filtering  crucible 
into  a  500-ml.  Pyrex  suction  flask.  Wash  thoroughly,  controlling 
the  final  volume  to  not  more  than  150  ml.  Add  10  ml.  of  10 
per  cent  sodium  or  ammonium  citrate  solution  for  each  milligram 
of  iron  present  in  the  sample.  Add  ammonium  hydroxide  drop- 
wise  to  the  alkaline  color  change  of  methyl  orange.  Usually  a 
turbidity  occurs  at  this  point.  Occasionally  the  indicator  is 
oxidized  and  more  must  be  added.  Add  1  to  2  sulfuric  acid 
until  the  solution  is  distinctly  acid  to  methyl  orange.  The 
volume  at  this  point  should  not  exceed  200  ml.  Place  the  flask 
in  a  cooling  bath  to  bring  the  solution  to  room  temperature.  Add 
1  to  2  grams  of  potassium  iodide  and  let  stand  for  10  to  15  minutes. 
Add  2  or  3  ml.  of  1  per  cent  starch  solution. 

To  discharge  the  blue  coloration  due  to  iodine  liberation  which 
may  develop,  add  sodium  thiosulfate,  making  certain  that  no 
excess  is  introduced.  Add  potassium  ferricyanide  reagent  in 
1-  to  2-ml.  portions  and  titrate  slowly  with  standard  sodium 
thiosulfate  after  each  addition  until  the  starch-iodine  color  is 
faint.  Continue  this  procedure  until  no  additional  color  is 
developed  on  addition  of  potassium  ferricyanide  reagent.  A  few 
more  drops  of  sodium  thiosulfate  solution  will  discharge  the 
remaining  iodine  and  complete  the  titration.  A  sulfur-yellow 
end  point  is  obtained  which  is  sharp  to  within  one  drop  of  0.1  N 
sodium  thiosulfate.  The  end  point  should  persist  for  at  least 
30  seconds,  although  in  most  instances  it  remains  much  longer. 
Upon  standing,  however,  the  potassium  ferricyanide  reagent 
liberates  iodine  slowly,  bringing  back  the  blue  color.  A  light 
green  end  point  indicates  the  presence  of  copper  or  iron  that  has 
not  been  completely  removed  or  complexed. 

In  the  event  the  alloy  contains  only  a  few  tenths  of  a  per  cent 
of  zinc,  the  following  hydrogen  sulfide  procedure  is  used: 

Weigh  a  10-gram  sample  of  the  alloy  into  a  600-ml.  beaker, 
dissolve  the  sample  in  100  ml.  of  1  to  1  sulfuric  acid,  and  dilute 
the  solution  to  300  ml.  Neutralize  the  excess  acid  with  am¬ 
monium  hydroxide.  Add  6  N  sulfuric  acid  dropwise  until 
just  acid  to  methyl  orange.  Pass  hydrogen  sulfide  through  the 
solution  at  a  rate  of  at  least  eight  bubbles  per  second  for  a  period 
of  45  minutes.  Filter  through  close-textured  paper.  It  is  not 
necessary  to  wash  the  precipitate. 

Return  the  filter  paper  and  contents  to  the  original  beaker. 
Add  5  ml.  of  concentrated  nitric  acid  and  10  ml.  of  70  per  cent 
perchloric  acid.  Place  on  a  hot  plate,  and  boil  to  destroy  the 
paper,  taking  the  solution  to  dense  fumes  of  perchloric  acid. 
Permit  the  solution  to  cool.  Dilute  to  a  volume  of  100  ml.  with 
distilled  water  and  add  5  to  7  ml.  of  concentrated  sulfuric  acid. 
As  an  alternative  procedure  for  the  destruction  of  filter  paper 
and  conversion  of  zinc  sulfide  to  a  soluble  zinc  salt  a  combination 
of  5  ml.  of  nitric  acid  and  10  ml.  of  sulfuric  acid  may  be  used. 
The  procedure  from  this  point  on  is  identical  with  that  described 
above,  except  for  the  omission  of  the  persulfate  step,  since  no 
manganese  is  present. 


Table  I.  Recovery  op  Zinc  from  Standard  Zinc  Sulfate 

Solutions 


Zinc  in  Sample 
Gram. 

0.0125 

0.0250 

0.0500 


Zinc  Recovered 
Gram 

0.0127 
0 . 0250 
0.0502 


Zinc  in  Sample 
Gram 

0.0625 

0.1250 

0.2500 


Zinc  Recovered 
Gram 

0.0627 

0.1254 

0.2507 


Calculation 


Each  milliliter  of  0.1  N  sodium  thiosulfate  solution  is  equivalent 
to  9.97  mg.  of  zinc: 


Ml.  of  0.1  iyNa2S203  X  0.00997  X  100 
Wt.  of  sample 


%  Zn 


623 


624 
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Results  and  Discussion 

The  interference  of  iron  present  in  the  sample  may  be  effec¬ 
tively  prevented  by  the  addition  of  citrate.  Unless  this  precau¬ 
tion  is  taken  before  the  addition  of  potassium  iodide  to  the  solu¬ 
tion,  free  iodine  is  liberated  and  the  ferric  iron  is  reduced.  The 
resulting  ferrous  iron  is  partially  reoxidized  during  the  titration, 
thereby  producing  low  values  for  zinc.  Gamzulov  (1)  noted  this 
reduction  but  did  not  find  subsequent  interference  from  the  fer¬ 
rous  iron. 

If  copper  is  present,  even  in  small  amounts,  it  produces  a  green 
color  which  interferes  with  the  true  sulfur-yellow  end  point.  If 
present  in  large  amounts,  copper  gives  high  values  for  zinc.  The 
test  lead  treatment  will  remove  at  least  10  mg.  of  copper  satis¬ 
factorily.  Granular  aluminum  and  aluminum  foil  were  not  so 
effective  as  lead. 

Manganese  present  in  the  sample  leads  to  high  values  for  zinc. 
Removal  of  this  element  as  manganese  dioxide  by  persulfate 
oxidation  is  extremely  effective.  Approximately  10  mg.  of 
manganese  must  be  present  to  avoid  the  formation  of  a  colloidal 
precipitate. 

Cadmium  produces  high  results  for  zinc  and  consequently  must 
be  removed  if  present.  Preliminary  investigation  indicates  that 
it  may  be  precipitated  with  40-mesh  aluminum  (4)  from  a  slightly 
acid  solution.  Granular  aluminum  also  successfully  removes 
copper  if  a  small  amount  of  cadmium  is  present. 

Lang  ( 2 )  advocates  complexing  cobalt  with  potassium  cyanide 
and  eliminating  the  effect  of  nickel  by  the  addition  of  sodium 
potassium  tartrate  and  aluminum  sulfate.  However,  these  ele¬ 
ments  occur  in  such  small  amounts  in  magnesium  alloys  that  they 
do  not  interfere. 

The  sodium  thiosulfate  solution  was  standardized  against 
weighed  amounts  of  c.  p.  potassium  dichromate,  dried  at  110°  C. 
The  empirical  zinc  factor  of  9.97  mg.  of  zinc  per  ml.  of  0.1  N 
sodium  thiosulfate  was  employed.  This  is  the  figure  found  by 
Lang  and  was  verified  by  the  present  work. 

Results  of  tests  to  determine  the  accuracy  of  the  iodometric 
method  are  shown  in  Table  I.  A  standard  zinc  sulfate  solution 


Table  II.  Determination  of  Zinc  by  Iodometric  Method 


(In  solutions  containing  magnesium,  aluminum,  manganese,  cadmium, 
nickel,  iron,  and  copper  as  sulfates.  Zinc  present,  0.1250  gram) 


Mag¬ 

Alu¬ 

Man¬ 

nesium 

minum 

ganese 

Iron 

Copper  Cadmium  Nickel 

Zinc 

Present 

Present 

Present 

Present 

Present  Present 

Present  Recovered 

Grams 

Gram 

Gram 

Gram 

Gram  Gram 

Gram 

Gram 

0.10 

•  •  > « 

0.1247 

0.25 

.... 

0.1246 

0.50 

0.1247 

o'.o6ia 

0.1245 

0.004 

0.1255 

0.012“ 

0.1251 

0.010 

0.1270 

0.020“ 

0.1246 

0.020 

0.1280 

0 . 040“ 

0.1246 

0.040 

0.1296 

0.100 

0.1330 

0+01“ 

0.1252 

0.003“ 

0.1249 

0.005“ 

0.1248 

.... 

o.’doTo“  v.v. 

0.1251 

0.0025“  _ 

0.1254 

0.0050“  _ 

0.1253 

0.0050  _ 

0.1300 

_  0.02“ 

0.1250 

. . . .  0.02 

0.1330 

0.10 

0.1860 

o.ooi 

0.1248 

0.002 

0.1252 

0.005 

0.1261 

0.010 

0.1293 

0.005“  0.020“ 

0.1252 

3.7 

6^20 

0 !  004“ 

0.1246 

3.7 

0.20 

0.012“ 

0.1248 

3.7 

0.20 

0.020“ 

0.1248 

3.7 

0.20 

0.040“ 

0.1251 

1.9 

0.10 

o!6oi“ 

0.1251 

1.9 

0.10 

0.001“ 

0.1253 

1.9 

0.10 

0.001“ 

0.1250 

1.9 

0.10 

o'oi2® 

0.001“ 

0.1247 

1.9 

0.10 

0.012“ 

0.002“ 

0.1248 

1.9 

0.10 

0.0  2“ 

0.003“ 

0.1249 

“  Element  removed  or  complexed. 

Table  III.  Analysis  of  Magnesium  Alloys® 

(Containing  approximately  3%  zinc,  6%  aluminum,  and  0.3%  manganese) 


Sample 

Weight 

Zinc  Found 
by 

Iodometric 

Method 

Zinc  Added 
as  Standard 
Zinc  Sulfate 
Solution 

Total  Zinc 
Recovered 

Error 

Grams 

Gram 

Gram 

Gram 

Mg. 

2 

0.0721 

0.0625 

0.1345 

-0.1 

2 

0.0731 

0.0625 

0.1354 

-0.2 

2 

0.0721 

0.0625 

0.1344 

-0.2 

2 

0.0728 

0.0625 

0.1353 

0.0 

2 

0.0743 

0.0625 

0.1366 

-0.2 

2 

0 . 0648 

0.0625 

0.1274 

+0.1 

2 

0.0693 

0.0625 

0.1315 

-0.3 

2 

0.0748 

0.0625 

0.1371 

-0.2 

a  All  samples  contained  a  small  amount  of  copper,  which  was  removed, 
and  of  iron,  which  was  complexed. 


was  prepared  by  dissolving  freshly  ignited  c.  p.  zinc  oxide  in 
sulfuric  acid.  Portions  of  this  solution  were  used  as  standard 
zinc  samples  in  all  tests. 

Table  II  records  the  effect  of  various  metallic  ions  on  the  re¬ 
covery  of  zinc  from  solutions  containing  a  uniform  amount  of  zinc 
and  varying  amounts  of  the  metals. 

A  series  of  analyses  was  run  to  test  the  applicability  of  the 
iodometric  method  to  magnesium-zinc  alloys.  A  4-gram  sample 
of  alloy  was  dissolved  and  divided  into  two  equal  parts.  The 
original  zinc  content  was  determined  on  one  aliquot,  and  the  zinc 
content  after  the  addition  of  a  standard  zinc  solution  was  deter¬ 
mined  on  the  other.  Table  III  shows  the  results  of  these  tests. 

Table  IV  compares  the  zinc  values  obtained  by  two  different 
methods.  Twenty  grams  of  alloy  were  dissolved  in  sulfuric  acid 
and  divided  into  two  equal  parts.  Both  solutions  were  gassed  to 
concentrate  the  zinc  as  sulfide.  The  standard  potassium  ferro- 
cyanide  procedure,  using  uranium  nitrate  as  an  external  indicator, 
was  employed  on  one  portion,  the  iodometric  method  on  the  other. 


Table  IV.  Analysis  of  Magnesium  Alloys® 

(Containing  approximately  0.4%  zinc,  4.5%  aluminum,  0.3%  manganese' 


Zinc  Found  by 
Ferrocyanide  Method 

% 

0.52 

0.61 

0.55 

0.34 

0.42 

0.35 

0.46 

0.41 

0.51 

0.39 


Zinc  Found  by 
Iodometric  Method 

% 

0.52 

0.61 

0.54 

0.33 

0.40 

0.36 

0.46 

0.43 

0.50 

0.38 


“  All  samples  contained  a  small  amount  of  copper  which  was  removed 
and  of  iron,  which  was  complexed. 


Summary 

A  method  is  described  for  the  iodometric  determination  of  zinc 
in  magnesium  alloys.  A  direct  procedure  is  outlined  for  alloys 
containing  greater  than  2  per  cent  of  zinc,  while  a  concentration 
method  employing  hydrogen  sulfide  is  described  for  alloys  con¬ 
taining  less  than  this  amount.  The  interference  of  copper  is  pre¬ 
vented  by  the  removal  of  this  element  with  test  lead.  Manganese 
is  removed  as  manganese  dioxide  by  oxidation  with  ammoniurr 
persulfate.  Errors  due  to  the  presence  of  iron  are  eliminated  bj 
complexing  the  ferric  iron  with  sodium  citrate. 

The  accuracy  obtained  by  this  method  is  equivalent  to  that  ol 
any  standard  procedure  for  zinc.  The  procedure  is  applicable  tc 
a  wide  variation  of  magnesium  alloys  containing  zinc. 
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Determination  of  Tin  with  Mercuric  Chloride 

J*  G.  FAIRCHILD,  Geological  Survey,  U.  S.  Department  of  the  Interior,  Washington,  D.  C. 


Tin  can  be  determined  by  weighing  the 
mercurous  chloride  formed  on  adding  stan¬ 
nous  chloride  to  mercuric  chloride.  With 
pure  tin  solutions  the  procedure  is  rapid 
and  accurate  and  is  applicable  over  a  range 
from  0.1  to  over  70  per  cent  tin.  The  present 
paper  describes  the  necessary  procedures  as 
applied  to  concentrates,  cassiterite  ores, 
and  ores  containing  complex  tin  sulfides. 
It  is  especially  suited  for  tin  in  low-grade 
ore. 


THE  most  common  method  of  determining  tin  is  that  in  which 
stannic  chloride  is  reduced  by  a  metal  and  the  resulting  stan¬ 
nous  chloride  is  titrated  with  a  standard  solution  of  iodine.  The 
reducing  metal  may  be  lead  (5),  antimony  ( 6 ),  iron  (4),  or  nickel 
(2).  Tin  may  also  be  precipitated  with  cupferron  in  a  fluoborate 
solution  and  weighed  as  the  oxide  ( 1 ),  a  method  that  separates 
tin  from  lead,  bismuth,  copper,  and  antimony.  Various  separa¬ 
tions  of  tin  from  other  metals  are  listed  by  Hillebrand  and  Lundell 
(5),  but  only  a  few  of  these  refer  to  combinations  found  in  ores. 

The  method  of  determining  tin  described  in  the  present  paper 
is  an  application  of  the  well-known  qualitative  reaction  between 
stannous  chloride  and  mercuric  chloride,  which  also  serves  to  sep¬ 
arate  tin  from  most  other  metals.  The  precipitated  mercurous 
chloride  is  allowed  to  settle  half  an  hour  or  more,  filtered  off  on 
a  Gooch  crucible,  washed,  dried  at  105°  C.,  and  weighed.  Weight 
of  mercurous  chloride  X  0.2514  equals  weight  of  tin,  a  very  favor¬ 
able  factor.  Another  good  feature  of  the  method  is  that  the  tin 
gives  visible  evidence  of  its  presence,  whereas  in  the  volumetric 
method  it  is  not  always  certain  that  only  tin  is  being  titrated. 
The  directions  that  follow  refer  more  particularly  to  the  proce¬ 
dures  necessary  to  bring  different  types  of  tin  ores  into  solution 
and  the  subsequent  preparation  of  stannous  chloride  by  reduction 
with  zinc.  The  tin  and  excess  zinc  are  finally  dissolved  in  hydro¬ 
chloric  acid  and  mercurous  chloride  is  determined  as  described 
above. 

Rich  Concentrates  of  Cassiterite 

The  chief  impurities  may  be  oxides  of  iron,  rutile,  or  tourma¬ 
line.  Fuse  1  gram  of  200-mesh  material  in  a  porcelain  crucible 
with  sodium  pyrosulfate.  One  gram  gives  a  good  sample  and  pro¬ 
vides  enough  solution  for  10  duplicates.  Leach  the  melt  with 
50  ml.  of  1  to  19  nitric  acid,  rinse  into  a  beaker  containing  400 
ml.  of  1  to  19  nitric  acid,  and  heat  to  simmering  for  at  least  one 
hour.  This  digestion  reprecipitates  any  tin  dissolved  by  the 
fusion.  Not  more  than  0.5  mg.  is  lost,  as  shown  by  careful  tests. 

Filter  off  the  insoluble  residue  and  wash  it  with  hot  dilute  nitric 
acid.  Dry  and  ignite  the  filter  in  a  30-ml.  porcelain  crucible.  Fill 
this  crucible  half  full  of  sodium  cyanide,  mix  well,  and  fuse  gently 
until  all  the  cyanide  is  melted  and  the  tin  is  reduced  to  metal. 
A  few  weak  explosions  may  occur  from  the  carbon  monoxide  re¬ 
leased,  so  that  it  is  advisable  to  hold  the  crucible  in  tongs  and  gently 
swirl  it.  When  the  melt  is  quiet,  heat  in  the  full  flame  of  the 
Bunsen  burner  for  2  minutes  in  order  to  form  visible  beads  of  tin. 
Cool  the  melt  in  a  ring  around  the  wall  of  the  crucible  to  prevent 
the  crucible  from  cracking.  Leach  with  hot  water  in  a  casserole 
and  carefully  decant  the  cyanide  solution  without  filtering  into 
a  sink  which  is  being  flushed  with  water.  Wash  three  times  in 
like  manner.  Dissolve  the  tin  in  about  50  ml.  of  hot  1  to  1  hydro¬ 
chloric  acid  and  10  ml.  of  concentrated  sulfuric  acid  with  the 
casserole  covered.  Solution  of  the  tin  requires  several  hours’ 
digestion  at  about  60°  C.  Cool  the  solution  of  stannous  chlo¬ 
ride,  filter  it  into  a  small  beaker,  and  reserve  for  a  later  addition. 
VV  ash  the  residue  with  1  to  4  hydrochloric  acid  and  catch  the 


filtrate  in  a  250-ml.  volumetric  flask.  The  residue  may  contain 
about  1  per  cent  of  the  tin.  Fuse  it  with  cyanide  as  before. 
Digest  the  second  metallic  residue  with  the  main  solution  of 
stannous  chloride  in  the  beaker,  adding  a  little  concentrated 
hydrochloric  acid  if  necessary.  Cool  and  filter  this  solution  into 
the  volumetric  flask,  washing  the  beaker'  and  filter  with  dilute 
acid. 

Dilute  the  tin  solution  to  exactly  250  ml.,  shake  thoroughly, 
and  transfer  25  ml.,  representing  0.1  gram  of  sample,  into  a  125-ml. 
Erlenmeyer  flask.  Add  2  grams  of  20-mesh  zinc  to  the  slightly 
inclined  flask.  Close  the  flask  with  a  l-hole  rubber  stopper  fitted 
with  a  glass  tube  having  a  small  outlet  and  two  enlarged  bulbs 
in  the  middle  to  aid  in  condensing  steam  as  the  flask  is  heated. 
This  outfit  is  designed  to  effect  reduction  of  the  tin  with  exclu¬ 
sion  of  air.  Zinc  reduces  the  tin  to  a  sponge  which  floats  after 
a  time.  At  this  point  add  0.3  gram  more  of  zinc  and  12  ml.  of 
concentrated  hydrochloric  acid.  Finally  heat  the  flask  gently 
until  all  the  zinc  and  tin  are  dissolved,  while  maintaining  a  con¬ 
tinuous  outward  pressure  of  steam.  Next  close  the  capillary  out¬ 
let  with  another  rod  and  rubber  tube  connection.  Cool  the 
flask  in  running  water,  release  the  vacuum,  and  quickly  pour  the 
stannous  chloride  solution  into  30  ml.  of  mercuric  chloride  solu¬ 
tion  containing  1  gram  of  mercuric  chloride,  a  twofold  weight 
for  0.1  gram  of  tin.  The  beaker  for  precipitation  may  be  150-ml. 
size.  After  rinsing  out  all  the  tin  solution,  the  volume  in  the 
beaker  will  be  about  120  ml. 

Let  the  precipitate  settle  30  minutes  or  more,  then  filter  it  by 
suction  into  a  prepared  Gooch  crucible.  Wash  the  beaker  and 
crucible  three  times  with  1  to  4  hydrochloric  acid,  then  three 
times  with  hot  water.  This  washing  removes  a  few  milligrams 
of  lead  chloride  generally  derived  from  the  zinc.  Dry  for  half  an 
hour  at  105°  C.  Weigh  and  heat  for  15  minutes  further  to  check 
the  weight.  The  drying  of  mercurous  chloride  should  not  be 
unduly  prolonged: 

Per  cent  of  Sn  =  weight  of  HgCl  X  0.02514  X  10  X  100 

Results  obtained  on  various  samples  are  shown  in  Table  I. 
Nos.  1  to  4  are  tests  of  the  method  made  on  Bureau  of  Standards 
Sample  No.  42-C,  which  contains  99.99+  per  cent  of  tin.  Nos. 
5  and  6,  7  and  8,  and  9  and  10  represent  three  different  concen¬ 
trates  run  in  duplicate.  The  agreement  is  satisfactory  for  the 
quantity  of  sample  taken. 

Tin  in  Cassiterite  Ores 

Digest  4  grams  of  the  pulp  on  the  steam  bath  for  several  hours 
in  a  platinum  dish  with  20  ml.  of  1  to  1  sulfuric  acid  and  15  ml.  of 
hydrofluoric  acid.  Cover  the  dish  with  a  larger  one.  After  an 
hour  remove  the  cover  and  let  the  solution  evaporate  overnight. 
Heat  to  fumes,  dilute  with  water,  and  again  concentrate  to 
fumes  of  sulfur  trioxide.  Add  40  ml.  of  1  to  1  nitric  acid  and  heat 
untfl  solution  is  practically  complete.  Transfer  the  mixture  to  a 
600-ml.  beaker,  dilute  to  400  ml.,  and  heat  to  simmering  for  an 
hour  or  more.  Filter  off  any  insoluble  matter,  wash  with  hot 
dilute  nitric  acid,  and  fuse  the  ignited  residue  once  only  with 
sodium  cyanide  as  described  above.  Make  up  any  stannous 
chloride  recovered  to  100  ml.  and  determine  tin  in  25  or  50  ml., 
according  to  the  richness  of  the  ore.  This  method  will  handle 
most  sulfide  material  low  in  antimony  or  copper. 

Typical  results  are  shown  in  Table  I.  Nos.  11  and  12  are 
duplicates  on  a  sample  containing  some  chalcopyrite.  Nos. 
13  and  14,  15  and  16  are  duplicates  on  ordinary  cassiterite 
ores.  No.  19  is  a  Bolivian  tin  concentrate,  Bureau  of  Stand¬ 
ards  No.  137,  with  certified  tin  56.64  per  cent. 

Tin  in  Complex  Sulfides 

This  procedure  covers  concentrates  of  the  tetrahedrite  group 
[4Cu2S.(Sb,As)2S3]  containing  some  stannite  (Cu2S.FeS.SnS2)  or 
teallite  (PbS.SnS2). 

Digest  2  grams  of  the  finely  ground  sample  in  a  covered  beaker 
with  a  little  concentrated  nitric  acid.  After  the  reaction  sub¬ 
sides  add  a  little  more  acid  and  evaporate  on  the  steam  bath 
nearly  to  dryness.  Add  200  ml.  of  water  and  digest  until  the 
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Table  I.  Determinations  of  Tin  in  Various  Solutions, 


Concentrates,  and  Ores 

No. 

Sample  Taken 

Sn  Found 

Error 

Sn 

Gram 

Gram 

Gram 

% 

1 

0.0510 

0.0509 

-0.0001 

2 

0.0510 

0 . 0509 

-0.0001 

3 

0.0816 

0.0812 

-0.0004 

4 

0.1020 

0.1025 

+  0.0005 

5 

0.1000 

0.0701 

70.  i" 

6 

0.1000 

0.0700 

70.0 

7 

0.1000 

0 . 0644 

64.4 

8 

0.1000 

0 . 0644 

64.4 

9 

0.2000 

0.0812 

40.6 

10 

0.2000 

0 . 0808 

40.4 

11 

1.0000 

0.0107 

1.07 

12 

1.0000 

0.0110 

1.10 

13 

1.0000 

0.0231 

2.31 

14 

1.0000 

0.0243 

2.43 

15 

1.0000 

0 . 0492 

4.92 

16 

2.0000 

0.0998 

4.99 

17 

1.0000 

0 . 0055 

0.55 

18 

1.0000 

0 . 0099 

0.49 

19 

0.2000 

0.1134 

56.7“ 

a 

Average  of  56.4,  56.8,  and  57.0. 

residue  settles  completely.  Filter  through  a  9-cm.  No.  40  What¬ 
man  paper,  wash  the  residue  with  1  to  1  nitric  acid,  then  transfer 
it  to  the  filter  with  hot  water.  Place  the  filter  in  the  beaker, 
cover  it  with  a  little  concentrated  sulfuric  acid,  and  fume  with 
small  additions  of  sodium  nitrate  until  oxidation  of  the  paper  is 
complete.  Add  a  little  water  and  transfer  the  solution  to  a  large 
platinum  crucible  for  evaporation  with  hydrofluoric  acid  to 
fumes  of  sulfur  trioxide.  Dissolve  the  sulfates  of  tin,  anti¬ 
mony,  or  possibly  lead  in  20  ml.  of  1  to  4  hydrochloric  acid,  trans¬ 
fer  the  solution  to  a  100-ml.  volumetric  flask,  and  make  up  to 
volume.  The  oxides  of  antimony  and  tin  should  not  be  ignited 
because  they  form  a  solid  mixture. 

Transfer  50  ml.  of  the  solution  to  the  special  flask  for  reduction 
with  4  to  5  grams  of  zinc,  using  the  mossy  variety  for  slow  action. 
Allow  the  reduction  to  proceed  for  half  an  hour  with  zinc  still  in 
excess,  then  add  25  ml.  of  hydrochloric  acid  and  heat  to  boiling 


for  about  5  minutes.  Cool  quickly  with  the  flask  closed,  release 
the  vacuum,  and  filter  off  antimony  and  lead  on  a  fast  paper, 
such  as  S.  &  S.  597,  directly  into  15  ml.  of  mercuric  chloride  solu¬ 
tion  with  stirring.  Wash  once  with  dilute  hydrochloric  acid. 
A  small  precipitate  of  mercurous  chloride  settles  slowly.  Wreigh 
the  mercurous  chloride  and  calculate  to  tin  as  described  above. 

Nos.  17  and  18,  Table  I,  are  duplicates  on  a  sample  high  in 
sulfides.  No.  18  contained  5.0  mg.  of  standard  tin  purposely 
added  in  excess  of  the  quantity  in  the  ore. 

Summary 

The  chief  advantages  of  this  method  are  the  use  of  a  small 
volume  of  stannous  chloride  for  the  precipitation  of  mercurous 
chloride  and  the  simplicity  of  reducing  the  tin.  Lead  and  anti¬ 
mony  in  minor  quantities  are  the  only  metals  likely  to  interfere, 
but  their  relative  insolubility  in  dilute  acid  after  reduction  with 
zinc  makes  the  interference  negligible  for  most  ores.  This  method 
is  more  easily  controlled  than  the  iodometric,  and  will  handle 
most  types  of  ore,  according  to  the  indicated  procedure.  Con¬ 
centrates  of  70  per  cent  tin,  or  more,  are  completely  reduced  by  a 
single  fusion  with  sodium  cyanide.  Much  time  is  saved  by  one 
short  reduction. 
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Determination  of  Small  Amounts  of  Arsenic, 
Antimony,  and  Tin  in  Lead  and  Lead  Alloys 

C.  L.  LUKE,  Bell  Telephone  Laboratories,  Inc.,  New  York,  N.  Y. 


A  new  method  for  the  determination  of  small 
amounts  of  arsenic,  antimony,  and  tin  in  lead 
and  lead  alloys  consists  of  separation  of  the  three 
metals  from  the  lead  by  a  double  coprecipitation 
with  manganese  dioxide,  reduction  of  arsenic  and 


METHODS  for  the  determination  of  small  amounts — i.  e., 
0.001  to  0.02  per  cent — of  arsenic,  antimony,  and  tin  in 
lead  and  lead  alloys  usually  call  for  the  preliminary  removal  of 
lead  as  sulfate.  This  separation  is  not  satisfactory,  however, 
unless  hydrofluoric  acid  is  added  to  ensure  complete  solution  of 
the  three  metals  (17).  If  hydrofluoric  acid  is  used,  platinum  or 
ceresin  vessels  are  required  unless  the  glassware  is  known  to  be 
arsenic-free.  Recently  a  very  accurate  method  of  separating 
lead  from  its  impurities  has  been  described  (4),  but  it  requires 
special  apparatus  and  is  not  suitable  for  rapid  analysis. 

Several  years  ago  a  method  was  developed  in  these  laboratories 
which  has  proved  to  be  very  satisfactory  for  routine  analysis  of 
lead  alloys  (see  Table  II).  In  this  method  the  arsenic,  antimony, 
and  tin  are  separated  as  hydrated  oxides  from  the  nitric  acid 
solution  of  the  alloy  by  coprecipitation  with  hydrated  manganese 
dioxide  (2,11).  After  separation  from  the  lead,  the  metal  oxides 
are  converted  to  sulfates,  and  arsenic  and  antimony  are  reduced 


antimony  to  the  trivalent  state,  separation  of  the 
arsenic  by  distillation  as  chloride,  titration  of  the 
arsenic  and  antimony  separately  by  the  method 
of  Gyory,  and  reduction  of  tin  with  lead  and 
titration  with  standard  iodine  solution. 


to  the  trivalent  state.  Arsenic  is  then  separated  by  distillation  as 
chloride,  and  titrated  with  standard  bromate  solution  by  the 
method  of  Gyory  (8).  The  solution  containing  the  tin  and 
antimony  is  diluted  with  hot  water,  and  the  antimony  is  titrated 
by  the  Gyory  method.  Finally,  tin  is  reduced  with  lead  and 
titrated  with  standard  iodine  solution  (9). 

The  method  is  applicable  to  the  analysis  of  pig  lead  and  all  the 
usual  types  of  lead  alloys  except  those  containing  selenium,  tel¬ 
lurium,  and  large  amounts  of  antimony  and  tin.  Methods  of 
analysis  employing  coprecipitation  separations  have  been  de¬ 
veloped  for  the  latter  alloys,  but  will  not  be  considered  here. 

Apparatus 

The  apparatus  required  for  the  distillation  of  arsenic  is  shown 
in  Figure  1.  It  consists  of  a  500-ml.  Erlenmeyer  flask  with  a 
three-hole  rubber  stopper  carrying  a  0.6-cm.  (0.25-inch)  glass 
tube,  a  thermometer,  and  a  glass  capillary  pressure  regulator 
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which  comes  within  0.3  to  0.6  cm.  (0.125  to  0.25  inch)  of  the 
bottom  of  the  flask.  The  inside  diameter  of  the  capillary  is 
2  mm. 


Reagents 

Standard  Potassium  Bromate  Solution  (0.01  N).  Re¬ 
crystallize  c.  p.  potassium  bromate  twice  from  water  and  dry  to 
constant  weight  at  180°  C.  Dissolve  0.2783  gram  in  water  and 
dilute  to  1  liter  in  a  volumetric  flask. 

Standard  Tin  Solution.  Dissolve  1.000  gram  of  c.  p.  tin 
in  500  ml.  of  hydrochloric  acid  with  the  aid  of  a  few  crystals  of 
potassium  chlorate.  Transfer  to  a  1-liter  volumetric  flask  and 
dilute  to  900  ml.  Cool  to  room  temperature  and  dilute  to  the 
mark. 


Figure  1 


Standard  Iodine  Solution  (0.01  N ).  Dissolve  1.2  grams 
of  c.  p.  iodine  in  35  ml.  of  water  containing  20  grams  of  potassium 
iodide,  and  dilute  to  1  liter. 

To  standardize  this  solution,  pipet  10  ml.  of  standard  tin 
solution  (1  gram  of  tin  per  liter)  into  a  500-ml.  wide-mouthed 
Erlenmeyer  flask,  add  10  ml.  of  sulfuric  acid,  75  ml.  of  hydro¬ 
chloric  acid,  and  20  grams  of  sodium  chloride,  and  dilute  to  350 
ml.  with  water.  Add  5  grams  of  coarse-grain  test  lead  and 
reduce  and  titrate  with  the  iodine  solution  as  directed  in  the 
procedure. 


solution  is  not  clear.  Wash  once  or  twice  with  water.  Discard 
the  lead  sulfate.  Neutralize  with  ammonium  hydroxide  to  the 
blue  color  of  copper  ammonium  ion,  or  to  litmus  if  the  lead 
sample  does  not  contain  copper.  Add  15  ml.  of  ammonium 
hydroxide  in  excess,  heat  to  boiling,  add  10  ml.  of  ammonium 
persulfate  (10  per  cent  solution),  and  boil  vigorously  for  1  minute. 
Filter  through  a  rapid  paper.  Wash  the  precipitate  onto  the 
paper.  (Ignore  the  small  amount  of  precipitate  which  cannot  be 
washed  from  the  walls  of  the  beaker.)  Wash  the  precipitate  3 
or  4  times  with  hot  water  and  discard  the  filtrate.  Place  the  paper 
in  the  500-ml.  flask  with  the  first  paper.  The  flask  now  contains 
all  the  arsenic,  antimony,  and  tin,  plus  some  manganese,  lead, 
and  traces  of  other  elements  such  as  iron- and  copper. 

Add  35  ml.  of  nitric  acid  and  boil  gently  to  destroy  all  carbo¬ 
naceous  material.  Take  to  copious  white  fumes  to  expel  nitric 
acid  and  to  dissolve  all  lead  sulfate.  (Incomplete  solution  of  the 
lead  sulfate  indicates  that  the  manganese  dioxide  precipitates 
have  not  been  adequately  washed.  Sufficient  sulfuric  acid  to 
ensure  complete  solution  must  be  added  before  proceeding.) 
Cool,  add  100  mg.  of  hydrazine  sulfate  and  3  grams  of  potassium 
acid  sulfate,  and  wash  down  the  flask  with  about  10  ml.  of  water, 
making  sure  that  no  hydrazine  sulfate  remains  on  the  walls.  Boil 
to  expel  the  water.  Take  to  copious  white  fumes  over  a  flame 
and  fume  strongly  for  30  to  60  seconds  to  ensure  complete  ex¬ 
pulsion  of  sulfur  dioxide. 

Cool  and  add  10  ml.  of  water.  Cool  to  25°  C.,  add  50  ml.  of 
hydrochloric  acid,  and  a  few  grains  of  12-mesh  silicon  carbide  to 
prevent  bumping.  Stopper  with  a  distillation  head  (see  Figure 
1),  and  heat  to  boiling  on  a  hot  plate,  catching  the  distillate  in 
300  ml.  of  water  in  a  400-ml.  beaker.  (It  is  not  necessary  to  keep 
this  water  cold,  since  arsenic  trichloride  cannot  be  distilled  from 
solutions  containing  less  than  16  per  cent  of  hydrochloric  acid, 
20.)  Boil  the  solution  at  a  moderate  rate  until  the  temperature 
of  the  vapor  rises  to  105°  C.  When  this  temperature  is  attained 
remove  the  flask  from  the  plate  and  detach  the  distillation  head. 
Dilute  the  solution  containing  the  tin  and  antimony  to  275-ml. 
volume.  Heat  to  gentle  boiling  to  dissolve  all  lead  salts.  (Failure 
to  dissolve  lead  salts  will  lead  to  low  results  for  antimonv.  If 
complete  solution  is  not  attained,  add  10  grams  of  sodium  chloride 
and  boil  to  dissolve  all  salts.)  Titrate  this  solution,  and  that 
containing  the  arsenic,  at  95°  C.  with  standard  potassium 
bromate,  using  methyl  orange  as  indicator.  Provide  for  blank 
correction. 

Ml.  of  KBr03  X  0.001218  =  per  cent  antimony 

Ml.  of  KBrOj  X  0.0007493  =  per  cent  arsenic 

Add  50  ml.  of  hydrochloric  acid  and  5  grams  of  coarse-grain 
test  lead  to  the  solution,  after  the  antimony  titration,  and  boil 
at  a  moderate  rate  for  about  15  minutes.  [If  the  original  sample 
contains  copper  and  less  than  2  mg.  of  antimony  add  5  mg.  of 
antimony  (as  antimony  trichloride)  with  the  hydrochloric  acid.] 
When  deposition  of  the  noble  metals  is  complete,  filter  through 
cotton  or  glass  wool  into  a  500-ml.  wide-mouthed  Erlenmeyer 
flask  containing  5  grams  of  test  lead  and  20  grams  of  sodium 
chloride.  Wash  with  warm  water.  Cap  with  a  tin  reduction 
air  condenser  (9)  and  start  a  slow  flow  of  carbon  dioxide.  Heat 
to  boiling  and  boil  at  a  moderate  rate  for  45  minutes.  Increase 
the  flow  of  carbon  dioxide  and  remove  the  flask  to  an  ice  bath. 
Cool  to  5°  to  10°  C.  Add  5  ml.  of  potassium  iodide  (10  per  cent 
solution),  5  ml.  of  starch  (1  per  cent  solution),  and  titrate,  under 
a  blanket  of  carbon  dioxide,  with  standard  iodine  solution  0.01  N. 
Provide  for  blank  correction. 

Ml.  of  iodine  X  tin  factor  X  2  =  per  cent  tin 


Discussion 


Procedure 

Weigh  50  grams  of  the  milled  sample  into  a  500-ml.  Erlen¬ 
meyer  flask,  add  150  ml.  of  water  and  50  ml.  of  nitric  acid,  and 
heat  gently  to  dissolve  the  sample.  Dilute  to  300  ml.  and  heat 
to  boiling  to  expel  brown  fumes.  Add  10  ml.  of  potassium  per¬ 
manganate  (2  per  cent  solution)  to  oxidize  the  arsenic,  antimony, 
and  tin.  Add  20  ml.  of  manganese  nitrate  (10  per  cent  solution), 
and  boil  gently  for  2  minutes.  (The  manganese  nitrate  must 
not  be  added  before  the  potassium  permanganate.)  Filter  hot 
through  a  rapid  paper  and  wash  well  with  hot  water  to  remove 
as  much  lead  nitrate  as  possible.  Reserve  the  filtrate.  Return 
the  paper  to  the  500-ml.  Erlenmeyer  flask,  add  15  ml.  of  sulfuric 
acid  and  35  ml.  of  nitric  acid,  and  heat  to  gentle  boiling  to  destroy 
the  filter  paper. 

Add  35  grams  of  pure  ammonium  sulfate,  dissolved  in  100  ml. 
of  water,  to  the  reserved  filtrate  and  cool  to  room  temperature. 
Filter  through  close  paper  on  a  Buchner  funnel,  refiltering  if  the 


Separation  of  arsenic,  antimony,  and  tin  from  nitric  acid  solu¬ 
tion  of  a  lead  alloy  by  coprecipitation  with  manganese  dioxide 
is  not  complete  with  a  single  precipitation.  The  separation  of 
tin  is  about  99  per  cent  complete  and  that  of  antimony  and 
arsenic  about  95  and  90  per  cent,  respectively.  By  employing  a 
double  precipitation  from  acid  solution,  close  to  100  per  cent  of 
the  tin  can  be  recovered,  but  the  antimony  and  arsenic  recovery 
is  not  much  improved.  Neutralization  of  the  solution,  as  recom¬ 
mended  by  Fainberg  ( 6 ),  greatly  improves  the  separation  of 
arsenic,  but  does  not  appear  to  help  the  antimony.  Moreover, 
neutralization  of  the  solution  results  in  heavy  contamination  of 
the  precipitate  with  lead  and  copper  salts.  The  only  satisfactory 
method  found  was  to  make  a  second  coprecipitation  from  am- 
moniacal  solution  after  preliminary  removal  of  the  lead  as  sulfate. 
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Table  I.  Separation  of  Arsenic  with  Hypo  phosphorous  Acid 


Arsenic 

Arsenic 

No. 

Present 

Found 

Error 

Mg. 

Mg. 

Mg. 

1 

0.5 

0.5 

0.0 

2 

1.0 

1.0 

0.0 

3 

1.0 

0.9 

-0.1 

4 

1.0 

0.9 

-0.1 

5 

2.5 

2.4 

-0.1 

6 

2.5 

2.4 

-0.1 

7 

5.0 

4.9 

-0.1 

8 

5.0 

4.9 

-0.1 

9 

10.0 

9.8 

-0.2 

10 

10.0 

9.9 

-0.1 

Reduction  of  arsenic  and  antimony  in  concentrated  sulfuric 
acid  solution,  previous  to  distillation  or  volumetric  determina¬ 
tion,  is  best  accomplished  with  the  aid  of  hydrazine  sulfate  (18). 
After  reduction,  the  fuming  to  remove  sulfur  dioxide  must  be 
very  vigorous,  but  not  unduly  prolonged  if  copper  is  present,  be¬ 
cause  oxidation  of  antimony  and  especially  of  arsenic  by  the 
oxygen  in  the  air  is  greatly  accelerated  by  copper  ions  (21). 
Traces  of  iron  and  copper  accompanying  the  arsenic,  antimony, 
and  tin  are  reduced  by  the  hydrazine  sulfate,  but  are  reoxidized 
during  the  fuming  to  expel  sulfur  dioxide,  and  hence  are  not 
harmful  in  subsequent  Gyory  bromate  titrations. 

One  of  the  methods  often  used  for  obtaining  antimony  and 
arsenic  in  the  trivalent  state  is  to  reduce  with  sulfite  or  sulfur 
dioxide.  It  appears,  however,  that  the  limitations  of  this 
method,  so  thoroughly  elucidated  by  Kurtenacker  and  Fiirstenau 
(14),  are  not  always  understood  (1). 

Previous  to  the  development  of  the  distillation  method  used  in 
the  procedure,  two  other  methods  for  the  determination  of 
arsenic  and  antimony  were  tested.  In  the  first  method  the  two 
metals  were  reduced  to  the  trivalent  state  with  hydrazine  sulfate 
and  titrated  with  bromate.  Arsenic  was  then  separated  with 
hypophosphorous  acid  (5),  dissolved  in  hot  sulfuric  acid,  and 
again  titrated  with  bromate.  Antimony  was  determined  by 
difference.  This  method  was  fairly  satisfactory  but  the  results 
for  arsenic  were  always  slightly  low  and  those  for  antimony  cor¬ 
respondingly  high. 

It  has  been  the  author’s  experience  that  the  hypophosphorous 
acid  method  invariably  yields  low  results  for  arsenic  (see  Table 
I).  Mercury  (12,  16),  copper  ion  (5),  and  iodide  (14)  act  as 
catalysts  in  the  precipitation  of  the  arsenic  but  do  not  improve 
the  results. 

Many  methods  have  been  proposed  for  the  solution  and 
titration  of  arsenic  after  precipitation  with  hypophosphorous 
acid  (1,  7,  13,  19).  Perhaps  the  most  convenient  is  that  of 
Anderson  (1)  in  which  the  arsenic  is  dissolved  in  hot  concentrated 
sulfuric  acid  and  titrated,  after  dilution,  by  the  method  of 
Gvory.  (Apparently  Anderson  overlooked  the  fact  that  hydro¬ 
chloric  acid  must  be  present  in  the  Gyory  titration,  and  that 
reduction  with  sulfite  is  ineffective  and  unnecessary.) 

The  second  method  tested  is  similar  to  the  first,  except  that 
after  the  initial  bromate  titration  the  antimony  is  selectively  re¬ 
duced  with  mercury  as  recommended  by  McCay  (15)  and  again 
titrated  with  bromate.  Arsenic  is  determined  by  difference. 
(Tin  in  the  solution  is  then  reduced  with  lead  and  titrated  with 
standard  iodine.)  The  method  yields  very  satisfactory  results  in 
the  analysis  of  arsenic,  antimony,  and  tin  in  lead  alloys  (see 
Table  II). 

The  reduction  of  antimony  in  the  presence  of  arsenic  by  shaking 
with  mercury  is  satisfactory,  providing  calomel  is  not  formed. 
With  a  hydrochloric  acid  concentration  of  at  least  30  per  cent,  the 
mercury  dissolves  to  form  a  soluble  mercuric  chloride  complex 
and  the  reduction  is  complete  for  small  amounts — i.  e.,  less  than 
5  mg. — of  antimony  with  a  5-minute  shaking.  The  reduction  of 
larger  amounts  of  antimony  is  not  quite  complete.  Experiments 
show,  however,  that  the  addition  of  a  few  milligrams  of  copper 
as  catalyst  results  in  complete  reduction  with  a  5-minute  shaking. 


In  the  procedure,  lead  is  used  to  reduce  tin  previous  to  titration. 
Very  few  of  the  metals  usually  found  in  lead  alloys  interfere. 
Some  tin  is  lost  by  codeposition  with  antimony  (3,  10),  but  the 
loss  is  negligible  even  in  the  presence  of  as  much  as  0.5  gram  of 
antimony.  Loss  of  tin  by  codeposition  with  copper  is  much  more 
serious  (3).  The  presence  of  as  little  as  2  mg.  of  copper  will 
cause  the  results  to  be  appreciably  low.  Fortunately,  however, 
the  deleterious  effect  of  copper  is  greatly  reduced  if  antimony  is 
present  (or  is  added)  before  reduction  of  the  tin  with  lead.  Ap¬ 
parently,  when  antimony  is  present,  the  copper  tends  to  deposit 
on  the  lead  in  the  form  of  a  copper-antimony  alloy  rather  than  a 
copper-tin  alloy. 

One  disadvantage  of  the  use  of  lead  as  reductant  is  that  lead 
chloride  may  precipitate  as  the  solution  is  cooled  before  titration. 
Deposition  of  noble  metals  on  the  lead  greatly  accelerates  solution 
of  the  latter  in  hydrochloric  acid.  For  this  reason  it  is  best  to 
replace  the  contaminated  lead  with  fresh  lead  as  soon  as  the 
noble  metals  have  all  precipitated. 

In  the  lead  reduction  method  it  is  not  necessary  to  remove  the 
lead  from  the  solution  before  titration,  providing  sufficient  excess 
of  iodide  is  present  to  ensure  a  stable  end  point.  When  deter¬ 
mining  small  amounts  of  tin,  iodide  must  be  added  before  the 
titration. 


Table  II.  Determination  of  Arsenic,  Antimony,  and  Tin 
in  Lead  Alloys 


Arsenic  Antimony  Tin 


No. 

Present 

Found 

Present 

Found 

Present 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Indirect  Method 

1 

1.0 

1.1 

6.6 

6.6 

6.5 

6.4 

2 

1.0 

1.0 

2.0 

2.0 

1.7 

1.6 

3 

5.0 

5.0 

5.3 

5.3 

5.3 

5.2 

4 

5.0 

5.0 

5.5 

5.6 

5.5 

5.5 

5 

10.0 

9.9 

1.0 

0.9 

10.6 

10.5 

6 

10.0 

10.0 

10.5 

10.6 

1.7 

1.6 

Direct  Method 

1 

1.7 

1.7 

1.5 

1.6 

1.4 

1.4 

2 

2.7 

2.6 

3.1 

3.1 

2.4 

2.4 

3 

2.9 

2.9 

1.7 

1.7 

4.1 

4.0 

4 

4.2 

4.2 

5.1 

5.0 

6.6 

6.7 

5 

5.7 

5.6 

4.7 

4.6 

3.4 

3.3 

6 

10.7 

10.6 

8.4 

8.4 

9.1 

9.0 

7 

11.3 

11.2 

9.6 

9.5 

11.2 

11.2 

Experimental 

Aliquot  portions  of  a  standard  arsenite  solution  were  diluted 
with  water  to  50  ml.  in  a  250-ml.  beaker,  50  ml.  of  hydrochloric 
acid  and  10  ml.  of  hypophosphorous  acid  were  added,  and  the 
arsenic  was  separated  and  determined  by  the  modified  Anderson 
method.  The  results  are  shown  in  Table  I. 

Weighed  quantities  of  arsenious  oxide,  antimony,  and  tin  were 
boiled  gently  with  10  ml.  of  nitric  acid;  80  grams  of  lead  nitrate 
and  100  mg.  of  cupric  nitrate  hexahydrate  were  added;  the 
sample  was  diluted  to  300  ml. ;  heated  to  boiling  to  dissolve  all 
soluble  salts;  and  arsenic,  antimony,  and  tin  were  then  separated 
and  determined  as  directed  in  the  procedure,  except  that  the 
antimony  was  selectively  reduced  with  mercury  by  McCay’s 
method  and  the  arsenic  was  determined  by  difference.  The 
results  are  shown  in  Table  II  (indirect  method). 

Weighed  quantities  of  arsenious  oxide,  antimony,  and  tin  were 
boiled  gently  with  50  ml.  of  nitric  acid  until  dissolution  was 
complete ;  250  ml.  of  water  and  50  grams  of  c.  p.  milled  lead  were 
added ;  the  lead  was  dissolved  by  gentle  heating  and  the  arsenic, 
antimony,  and  tin  were  then  separated  and  determined  as  di¬ 
rected  in  the  procedure.  The  results  obtained  are  recorded  in 
Table  II  (direct  method). 
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Fixing  and  Determining  Oil  in  Feed  Water 

and  Boiler  Water 

C.  A.  NOLL  AND  W.  J.  TOMLINSON1 
W.  H.  &  L.  D.  Betz,  Philadelphia,  Penna. 


The  two  sources  of  error  encountered  in  the  deter¬ 
mination  of  oil  in  water  samples  are:  (1)  the  pres¬ 
ence  in  the  oil  residue  after  evaporation  of  sub¬ 
stances  other  than  oil,  such  as  the  inorganic  salts, 
sodium  sulfate,  and  sodium  chloride.  These  sub¬ 
stances  increase  the  apparent  oil  content  of  the 
water  sample  and  produce  high  results.  (2)  The 
separation  of  oil  from  the  water  sample  on  stand¬ 
ing.  This  oil  may  separate  onto  the  sides  of  the 
container,  from  which  it  may  be  incompletely  re¬ 
moved  even  by  rinsing  the  container  with  a  solvent. 

OIL  is  both  undesirable  and  dangerous  in  a  boiler  water,  par¬ 
ticularly  under  modern  operating  conditions.  The  pres- 
■nce  of  even  a  very  small  quantity  of  oil  may  lead  to  foaming  and 
)riming  of  the  boiler  water,  corrosion  of  the  boiler  metal,  and 
overheating  of  boiler  tubes,  resulting  in  possible  failure.  The 
>verheating  of  the  tubes  may  be  due  either  to  the  heat-insulating 
oroperties  of  a  layer  of  oil  or  to  the  effects  of  oil  on  scale  formation, 
pil  absorbed  by  suspended  solids  in  the  boiler  water  may  ad¬ 
versely  affect  the  ability  of  such  solids  to  remain  in  suspension. 
)il  is  considered  such  an  important  factor  in  the  production  of 
>ure  steam  that  the  American  Boiler  Manufacturers’  Association, 
n  its  guarantees  of  steam  purity,  stipulates  an  oil  content  of  the 
oncentrated  boiler  water  not  exceeding  7  p.  p.  m. 

Methods  for  the  removal  of  oil  from  boiler  feed  water  or  re- 
urned  condensate  range  from  mechanical  baffle-type  separators 
o  complete  chemical  coagulation  and  filtration  systems.  Since  a 
uarantee  on  the  purity  of  steam  from  a  given  boiler  may  defi- 
itely  hinge  on  the  oil  content  of  that  boiler  water,  oil  determina- 
ions  of  the  boiler  water  must  be  made  as  accurately  as  possible, 
here  are  admitted  difficulties  in  securing  a  representative 
■ample  of  a  boiler  water  for  oil,  as  the  oil  may  partially  be  found 
n  the  metal  or  absorbed  by  solid  matter,  such  as  sludge.  In 
qany  cases  (given  as  an  alternate  by  the  A.  B.  M.  A.  specifka- 

1  Present  address,  Betz  Laboratory  Division.  Wood  Industry  Supply  Co., 
td.,  Canada. 


This  loss  of  oil  from  the  water  sample  itself  yields  a 
lower  apparent  oil  content  and  gives  low  results. 

Data  are  presented  on  the  magnitude  of  the  error 
involved,  using  present  methods. 

A  new  procedure  is  recommended  for  fixing  the 
sample  at  its  source  by  adsorbing  oil  in  a  ferric 
hydroxide  precipitate  and  subsequently  extracting 
the  oil  from  the  washed  and  dried  floe.  It  is  possi¬ 
ble  by  this  method  to  avoid  both  of  the  above 
sources  of  error  and  to  obtain  consistent,  accurate 
results. 


tions)  the  practice  has  been  to  secure  a  sample  of  the  boiler  feed 
water  and  first  concentrate  it  at  low  temperature  and  pressure  to 
the  same  number  of  cycles  of  concentration  as  the  boiler  water 
before  making  the  oil  analysis.  Inasmuch  as  5.0  per  cent  of 
blowdown,  equivalent  to  20  cycles  of  concentration,  may  be  con¬ 
sidered  an  average  case,  if  the  boiler  water  is  not  to  exceed  7 
p.  p.  m.  of  oil,  the  feed  water  should  contain  no  more  than  0.35 
p.  p.  m.  of  oil. 

Water  samples  lose  their  oil  content  on  standing  as  the  oil 
separates  from  the  water  and  adheres  to  the  sides  of  the  con¬ 
tainer  or  stopper.  Such  oil  may  be  incompletely  removed,  even 
by  rinsing  the  container  with  a  solvent.  Concentrating  the  sam¬ 
ple  prior  to  analysis  is  undesirable,  owing  to  the  separation  of  the 
oil  which  may  take  place  during  concentration;  on  the  other 
hand,  analysis  of  the  unconcentrated  feed  water  requires  a  mini¬ 
mum  of  errors,  because  of  the  small  quantities  involved.  A  truly 
comprehensive  study  of  boiler  feed  water  for  oil  would  require 
spot  samples,  taken  at  sufficiently  frequent  intervals  to  detect 
suspected  variations  in  oil  content.  Obviously,  a  continuous 
sample  will  be  subject  to  some  oil  separation,  owing  to  the  time 
required  for  collection,  before  the  sample  can  be  fixed  or  analyzed. 

An  investigation  by  the  authors  has  shown  errors  in  the 
methods  for  oil  determination  now  available.  The  following 
methods  have  been  considered:  (a)  standard  method  (3),  ( b ) 
technical  method  (3),  (c)  ether  extraction  method,  (d)  A.  B.  M.  A. 
method  (i),  and  (e)  Scott’s  method  (5). 
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Table  I.  Comparison  of  Methods  on  Oil-Distilled  Water 

Solution 


Ether-extraction 

— Oil  Values - 

Technical 

Authors’ 

Sample 

method 

method 

procedure 

P.  p.  m. 

P.  p.  TO. 

P.  p.  m. 

1 

0.0 

0.0 

0.0 

2 

4.4 

4.8 

5 . 6 

3 

11.4 

12.4 

12.4 

4 

22.6 

21.0 

21.5 

5 

42.6 

42.2 

6 

380.0 

374.8 

362.2 

The  standard  method  (£)  is  described  as  a  rough,  quantitative 
method  in  which  2  to  4  liters  of  the  water  are  evaporated  to 
dryness  at  a  temperature  below  100°  C.  The  residue  is  taken 
up  with  petroleum  ether,  or  high-test  (oil-free)  gasoline  in  a 
tared,  platinum  dish,  or  small  light  beaker,  and  evaporated  to 
dryness  on  a  steam  bath.  This  reference  cites  “the  technical 
method”  (3)  as  more  precise. 

The  technical  method  (3)  involves  transferring  a  water  sample 
to  a  separatory  funnel  and  shaking  with  redistilled  chloroform. 
The  water  and  chloroform  layers  are  separated  and  the  latter 
is  evaporated  in  a  weighed  flask  and  dried  to  constant  weight 
at  100°  C.  This  method  is  subject  to  an  error,  due  to  the  fact 
that  some  of  the  dissolved  salts  in  the  water,  such  as  sodium 
chloride,  sodium  sulfate,  etc.,  are  taken  up  by  the  chloroform 
and  finally  weighed  as  oil. 

The  ether-extraction  method  is  the  same  as  the  technical 
method,  except  that  ether  is  used  instead  of  chloroform,  and  is 
subject  to  the  same  error. 

The  A.  B.  M.  A.  standard  contract  (1)  states,  “The  total  quan¬ 
tity  of  oil,  or  grease,  or  substances  which  are  extractable  either 
by  sulfuric  ether  or  by  chloro¬ 
form,  shall  not  exceed  7  p.  p.  m. 
in  the  boiler  water  when  the 
sample  being  tested  is  acidified 
to  1  per  cent  hydrochloric  acid, 
or  7  p.  p.  m.  in  the  feed  water 
when  the  sample  being  tested 
is  first  concentrated  at  low 
temperature  and  pressure  to 
the  same  p.  p.  m.  total  solids 
as  the  boiler  water.”  The 
hydrochloric  acid  is  used  to 
remove  from  the  water  solution 
any  saponifiable  oil.  This 
method  also  yields  high  results 
due  to  the  soluble  salt  taken  up 
by  the  chloroform. 

Scott’s  method  ( 5 )  uses 
ferric  hydroxide  to  absorb  the 
oil  from  a  sample  and  subse¬ 
quently  extracts  the  oil.  This 
method  is  essentially  the  same 
as  that  used  by  the  authors, 
except  in  the  matter  of  fixing 
the  sample  at  its  source.  Its 
major  disadvantage  is  that 
oil  which  has  separated  from 
the  sample  on  standing  is  not 
absorbed. 

Inaccuracies  involved  in  all  the  above  mentioned  methods  may 
be  from  one  or  both  the  following  sources  of  error: 

1.  The  presence  in  the  oil  residue  after  evaporation,  of  sub¬ 
stances  other  than  oil,  such  as  the  inorganic  salts  sodium  sulfate 
and  sodium  chloride.  These  substances  increase  the  apparent  oil 
content  of  the  water  sample  and  produce  high  results. 

2.  The  separation  of  oil  from  the  water  sample  on  standing. 
This  oil  may  separate  onto  the  sides  of  the  container,  from  which 
it  may  be  incompletely  removed,  even  by  rinsing  the  container 
with  a  solvent.  This  loss  of  oil  from  the  actual  water  sample 
itself  yields  a  lower  apparent  oil  content  and  gives  low  results. 

This  paper  presents  a  method  of  fixing  the  sample  at  its 
source,  so  that  an  accurate  result  may  be  obtained  later  in  the 
laboratory  by  a  method  similar  to  Scott’s  (5).  Data  are  pre¬ 
sented  to  show  the  errors  inherent  in  the  other  methods. 


Preparation  of  Oil  Standards 

Paraffin  oil  was  selected  for  these  studies  because  of  its  inert¬ 
ness  and  low  volatility.  The  latter  is  important,  particularly 
in  view  of  the  fact  that  the  oil  samples  after  their  extraction  from 
water  are  placed  in  an  oven  to  dry.  The  loss  in  weight,  due  to 
the  volatility  of  the  paraffin  oil  employed,  was  0.012  per  cent 
after  drying  at  105 c  C.  for  15  minutes  and  0.26  per  cent  after 
drying  for  30  minutes.  Oils  normally  encountered  in  water  have 
low  volatility. 

Considerable  difficulty  was  experienced  in  preparing  a  stand¬ 
ard  water-oil  solution.  Oil  separated  rapidly  from  the  water  in 
a  simple  mixture  of  oil  with  distilled  water,  even  with  the  most 
vigorous  stirring.  Unlike  Pringle  (4),  the  author  did  not  find  it 
possible  to  add  a  definite  weight  of  oil  to  a  water  sample  and  to 
check  the  addition  of  weight  on  aliquot  samples.  The  method 
finally  adopted  was  to  mix  a  small  amount  of  paraffin  oil  inti¬ 
mately  with  distilled  water,  employing  a  laboratory  hand  homo- 
genizer  and  then  thoroughly  mixing  this  solution  with  a  larger 
volume  of  distilled  water.  This  latter  solution  exhibited  a  milky 
appearance,  similar  to  the  appearance  of  samples  drawn  from  oil- 
contaminated  return  condensate  systems.  Even  with  this 
homogenization,  however,  small  oil  droplets  separated  from  the 
body  of  the  solution  and  gradually  floated  to  the  top.  Changes 
in  the  concentration  of  oil  in  the  mixture  from  time  to  time  ne¬ 
cessitated  siphoning  of  the  sample  from  beneath  the  surface  and 
the  simultaneous  securing  of  the  duplicate  samples  for  the  test 
by  the  different  methods.  In  each  case,  500  ml.  of  the  water-oil 
solution  were  taken.  Even  using  this  procedure  it  was  not  pos¬ 
sible  to  check  the  amount  of  oil  originally  added  to  the  water 


sample,  although  it  was  possible  to  duplicate  oil  values  on  samples 
simultaneously  siphoned  off  and  immediately  analyzed.  In  an 
attempt  to  check  the  oil  content  of  the  oil-water  solution,  por¬ 
tions  were  siphoned  and  evaporated  to  dryness.  Separation  of 
oil  on  the  sides  of  the  tared  container  during  evaporation  exposed 
this  oil  to  prolonged  heating  and  resulted  in  volatilization  of  the 
oil  and  erratic  results. 

Authors’  Procedure 

Preparation  of  Ferric  Chloride  Solution.  Ten  grams 
of  ether-washed  iron  by  hydrogen  are  placed  in  a  600-ml.  beaker 
to  which  are  added  400  ml.  of  distilled  water,  followed  by  30  ml. 
of  concentrated  c.  p.  hydrochloric  acid.  After  solution  is  com¬ 
plete,  c.  p.  concentrated  nitric  acid  is  added  until  the  ferrous 
chloride  is  completely  oxidized  and  a  deep,  amber  color  per- 


Table  II.  Solvent  Effect  of  Different  Methods  on  Oil-Free  Samples 


-Apparent  Oil  Content,  P.  P.  M.- 


1000 

5000 

1000 

5000  1000 

5000 

1000 

5000 

100 

p.  p.  m. 

200 

p.  p.  m. 

Solutions 

p.  p.  m. 

p.  p.  m. 

p.  p.  m. 

p.  p.  m.  p.  p.  m. 

p.  p.  m. 

p.  p.  m. 

p.  p.  m. 

tannic 

tannic 

NaCl 

NaCl 

Na2S04 

Na2S04  NaiCOa 

Na2CC>3 

NaOH 

NaOH 

acid 

acid 

50  ml.  of  ether 

0.8 

5.6 

Ether  Extraction  Method 

0.6  3.6  0.8  5.4 

0.6 

5.2 

1.0 

0.8 

100  ml.  of  ether 

2.0 

7.6 

2.2 

7.0  2.2 

9.4 

3.0 

11.2 

1.2 

2.2 

150  ml.  of  ether 

2.0 

11.6 

2.2 

10.2  4.0 

14.6 

3.2 

15.8 

1.4 

3.0 

50  ml.  of  chloroform 

0.2 

0.6 

0.0 

Technical  Method 

1.0  0.2 

1.8 

0.8 

1.0 

0.6 

a 

100  ml.  of  chloroform 

0.4 

0.8 

0.2 

1.2  0.4 

3.0 

1.0 

1.6 

1.2 

a 

150  ml.  of  chloroform 

0.6 

1.0 

0.4 

2.0  0.6 

3.4 

1.4 

1.8 

1.0 

a 

1-hour  reflux 

0.0 

0.0 

0.0 

Authors'  Method 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2-hour  reflux 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50  ml.  of  ether 

0.6 

4.0 

A.  B.  M.  A.  Method 

0.6  5.8  1.4 

3.8 

1.0 

1.5 

2.0 

2.4 

100  ml.  of  ether 

2.8 

10.0 

2.8 

15.8  6.6 

10.6 

4.8 

16.2 

5.4 

6.2 

150  ml.  of  ether 

2.9 

10.0 

4.4 

15.8  7.0 

14.6 

7.6 

19.8 

10.6 

11.4 

a  Too  much  foam  developed  for  good  separation. 
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sists.  This  solution  is  stirred  constantly  during  the  addition  of 
the  nitric  acid.  It  is  boiled  for  approximately  0.5  hour,  cooled, 
and  made  up  in  volume  to  1  liter  with  distilled  water. 

Preparation  of  Ammonium  Hydroxide  Solution.  Con¬ 
centrated  ammonium  hydroxide  (360  ml.,  specific  gravity  0.9) 
is  made  up  to  1.0  liter  with  distilled  water. 

Ether.  Anhydrous  ethyl  ether  (fat-free). 

Procedure  for  Test.  Five  hundred  milliliters  of  the 
sample  are  treated  with  10  ml.  of  the  ferric  chloride  solution,  and 
stirred  well,  and  then  10  ml.  of  the  ammonium  hydroxide  solu¬ 
tion  are  added  and  stirred.  The  solution,  now  fixed,  is  brought 
to  a  boil  for  approximately  1  minute,  cooled  to  room  tempera¬ 
ture,  and  filtered  by  gentle  suction  through  an  Alundum  thimble, 
which  has  previously  been  ignited.  The  thimble  containing 
the  ferric  hydroxide  is  washed  free  from  chloride  with  distilled 
water,  dried  at  105°  C.  for  1.5  hours,  and  cooled  to  room  tem¬ 
perature,  and  the  oil  is  extracted  in  a  Soxhlet  apparatus  in  the 
usual  manner  for  1  hour.  It  was  found  necessary  to  use  an 
Alundum  thimble  instead  of  filter  paper,  because  of  ether-  and 
chloroform-extractable  matter  in  the  filter  paper. 


Table  III.  Solvent  Effect  of  Different  Methods  on  Oil- 
Water  Samples  Containing  Sodium  Chloride 


Method 


Sample  1, 
1000  p.  p.  m. 
NaCl 


Apparent  Oil  Content,  P.  P.  M. 
Sample  2,  Sample  3, 

2000  p.  p.  m.  3000  p.  p.  m. 
NaCl  NaCl 


Sample  4, 
5000  p.  p.  m. 
NaCl 


Ether  extraction  19.2  20.0 
Technical  18.4  20.1 
Authors’  18.0  19.5 


47.2 

46.2 
45.6 


77.0 

73.0 

70.2 


Experimental  Data 

Table  I  illustrates  the  values  secured  by  three  different  methods 
for  determining  the  oil  content  of  oil-distilled  water  solutions,  and 
indicates  that  in  distilled  water  solutions  the  technical  method 
and  the  authors’  method  compare  very  favorably.  There  is  no 
essential  difference  between  these  methods  on  distilled  water 
solutions  free  from  dissolved  salts  and  on  samples  simultane¬ 
ously  obtained  and  immediately  analyzed.  Using  the  authors’ 
method,  the  dried  ferric  hydroxide  containing  no  oil  gave  no 
measurable  increase  in  weight  after  being  refluxed  for  2  hours 
with  ether. 

In  order  to  illustrate  the  increase  in  weight  and  apparent  oil 
[content  found  by  the  various  methods,  due  to  the  presence  of 
different  salts  dissolved  in  the  water  sample,  solutions  contain- 
ng  1000  and  5000  p.  p.  m.  of  sodium  chloride,  sodium  sulfate,  so¬ 
dium  carbonate,  and  sodium  hydroxide  and  solutions  containing 
100  and  200  p.  p.  m.  of  c.  p.  tannic  acid  were  prepared  with  oil- 
ree  distilled  water.  Oil  determinations  were  made  on  each 
sample  in  accordance  with  the  procedures  described. 

Table  II  illustrates  the  apparent  oil  content  of  these  solutions. 
With  the  ether-extraction  method,  particularly  with  the  sample 
containing  5000  p.  p.  m.  of  these  salts,  the  apparent  oil  content 
ncreased  with  the  use  of  increasing  quantities  of  ether  employed 
n  the  extraction.  This  is  apparent  to  a  lesser  extent  with  the 
olutions  of  lower  concentration. 

With  the  technical  method,  the  apparent  oil  content  also  in- 
reased  with  increase  in  the  quantity  of  chloroform  employed  in 
he  extraction.  With  both  of  these  methods,  and  to  a  greater 
xtent  with  the  A.  B.  M.  A.  me  hod,  this  increase  in  weight  with 
reater  volume  of  solvent  can  be  ascribed  to  the  increased  quan- 
ity  of  water  dissolved  in  the  solvent,  with  accompanying  in- 
reased  quantity  of  dissolved  salt.  The  authors’  method  illus- 
rates  that  it  is  possible  to  avoid  the  error  due  to  the  presence  of 
issolved  salts  in  the  solvent  residue  after  evaporation,  inasmuch 
s  the  ferric  hydroxide  precipitate  containing  the  oil  is  washed 
•ee  from  solids  by  distilled  water  before  it  comes  in  contact  with 
le  solvent  in  the  Soxhlet  apparatus. 

To  determine  the  solvent  effect  when  oil  is  actually  present  in 
ater  samples,  sodium  chloride  was  used  in  concentrations  of 
900,  2000,  3000,  and  5000  p.  p.  m.  These  solutions  were  made 
i  homogenized  oil— distilled  water  samples,  collected,  and  meas- 


ured  in  the  manner  previously  described.  The  results  are  illus¬ 
trated  by  Table  III. 

The  lowest  oil  values  were  consistently  shown  with  the  authors’1 
procedure,  and  the  ether  extraction  and  technical  methods  were 
consistently  higher  in  apparent  oil  content.  This  is  due  to  the 
residue  of  sodium  chloride  remaining  on  evaporation  of  the  sol¬ 
vent,  as  illustrated  by  Table  II. 

The  increase  in  apparent  weight  of  oil  with  the  ether  extraction 
and  technical  methods,  compared  with  the  authors’  method, 
closely  checks  the  solubility  of  sodium  chloride  in  these  solvents 
shown  by  the  first  column  of  Table  II  with  the  use  of  the  same 
volume  of  solvent.  For  all  the  results  shown  by  Table  III,  50 
ml.  of  chloroform  were  used  with  the  technical  method  and  100 
ml.  of  ether  with  the  ether  extraction  method.  While  the  results 
obtained  by  the  three  methods  do  not  vary  to  a  great  extent, 
these  values  were  obtained  on  freshly  prepared  oil  samples  which 
were  immediately  analyzed.  In  order  to  illustrate  the  loss  of  oil 
resulting  from  the  separation  of  oil  from  the  water  on  standing, 
samples  of  oil-contaminated  boiler  feed  water  from  nearby  indus¬ 
trial  plants  were  obtained  through  a  cooling  coil  and  collected  in 
a  5-gallon  bottle.  The  individual  samples  were  siphoned  into 
500-ml.  volumetric  flasks  and  placed  in  Pyrex  bottles.  The 
samples  which  were  to  be  determined  with  the  use  of  the  authors’ 
procedure  were  all  fixed  at  the  time  of  sampling. 

Results  shown  in  Table  IV  are  for  oil  determinations  made 
immediately  after  collection  and  then  at  intervals  of  2,  4,  and  6 
days.  A  definite  decrease  in  the  oil  content  of  the  unfixed 
samples  can  be  noted  after  2  and  4  days,  when  the  analysis  was 
made  by  the  ether  extraction  or  technical  method.  In  each  case 
the  bottle  was  rinsed  with  a  portion  of  the  solvent  to  attempt  to 
collect  oil  clinging  to  the  sides  of  the  container.  Employing  the 
authors’  procedure  for  fixing  and  determining  the  oil  content,  no 
drop  in  oil  content  was  noted.  Drop  in  oil  content,  because  of 
oil  separating  from  solution  and  clinging  to  sides  of  container,  is 
apparently  prevented  by  the  adsorption  of  the  oil  in  the  ferric 
hydroxide  precipitate  using  the  authors’  procedure. 

Table  IV  shows  clearly  that  it  is  necessary  to  fix  the  samples 
for  oil  determination  in  order  to  secure  an  accurate  result.  The 
low  solids  content  of  these  feed-water  samples  did  not  affect  the 
final  result  to  any  great  extent.  The  residue  left  after  the  oil 
contamination  gave  a  slight  test  for  sulfate  and  chloride  on  the 
samples  analyzed  by  the  ether  extraction  and  technical  methods. 
No  sulfate  or  chloride  was  found  in  the  residue  using  the  authors’ 
procedure. 


Table  IV. 


Sample 


A 

B 


A 

B 


A 

B 


Separation  of  Oil  from  Water  Samples  on 
Standing 


Immediately  Two  days 
after  after 

collection  collection 

Ether  Extraction  Method 


2.4 

10.4 


1.0 

8.8 


Technical  Method 


2.3 

9.9 


0.8 

8.5 


Authors’  Method 


2.2 

10.0 


2.3 

10.1 


P.  P.  M. 

- - - N 

Four  days 

Six  days 

after 

after 

collection 

collection 

0.8 

5.9 

4.8 

0.5 

5.5 

4.4 

2.2 

9.9 

10.2 

Mineral  Analyses  of  Feed  Water3 
Sample  A 


Sample  B 


Total  hardness  as  CaCOi 

16 

6 

Sulfate  as  SOi 

4 

48 

Chloride  as  Cl 

1 

3.5 

Iron  as  Fe 

0.0 

Trace 

P  alkalinity  as  CaCOa 

0 

o 

M  alkalinity  as  CaCOi 

22 

16 

Total  solids 

45 

108 

pH 

7.1 

7.1 

°  Values  in  p.  p.  m.  with  exception  of  pH. 
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In  order  to  show  the  solvent  effect  on  actual  boiler  water, 
boiler  waters  having  different  oil  contents  were  secured  from  in¬ 
dustrial  plants  and  the  oil  was  determined  immediately  after 
their  collection  (Table  V).  The  consistent  check  values  ob¬ 
tained  by  means  of  the  authors’  procedure  compare  very  favor¬ 
ably  with  those  previously  secured  from  synthetic  oil-water 
samples.  Close  checks  were  obtained  in  each  case  with  the  use 
of  the  authors’  procedure,  while  the  other  three  methods  showed 
wide  variation  on  check  samples.  The  residues  were  tested  in 
each  case  for  the  presence  of  sulfate  and  chloride.  Sulfate  and 
chloride  were  present  except  in  samples  determined  by  the  au¬ 
thors’  procedure.  In  the  case  of  the  A.  B.  M.  A.  method,  the 
residue  also  showed  the  presence  of  iron.  The  consistent  checks 
obtained  with  the  use  of  the  authors’  method  and  the  absence  of 
chlorides,  sulfate,  etc.,  in  the  residue  illustrate  the  importance  of 
fixing  a  sample  for  oil  prior  to  its  determination  in  order  to  avoid 
erratic  results. 


Table  V.  Comparison  of  Methods  on  Boiler  Water 
Samples 

- - Oil  Content,  P.  P.  M. - 


Sample 

Sample 

Sample 

Sample 

Sample 

1 

2 

3 

4 

5 

Ether-extraction  method 

33.5 

33.5 

58.0 

374.0 

62.5 

28.5 

20.1 

56.7 

356.0 

58.6 

Technical  method 

43.3 

23.3 

55.0 

365.0 

55.1 

28.7 

22.0 

42.5 

450  0 

49.3 

A.  B.  M.  A.  method 

52.0 

20.5 

95.5 

328.0 

71.0 

48.8 

24.0 

72.4 

33.0 

Authors'  procedure 

26.2 

18.2 

47.0 

382.2 

57.2 

26.0 

18.2 

47.4 

383.0 

56.8 

Mineral  Analyses  of  Boiler  Waters0 

Total  hardness  as  CaCOa 

0 

0 

0 

26 

100 

Sulfate  as  SCL 

260 

272 

304 

352 

144 

Chloride  as  Cl 

168 

100 

44 

60 

168 

Iron  as  Fe 

0.0 

0.0 

0.0 

0.0 

0.0 

P  alkalinity  as  CaCOa 

154 

102 

124 

124 

120 

M  alkalinity  as  CaCOa 

270 

310 

264 

344 

400 

Total  solids 

1730 

1786 

1408 

3336 

4321 

pH 

10.2 

10.2 

10.1 

10.1 

10.1 

Phosphate  as  PO4 

25 

30 

25 

°  Values  in  p.  p.  m.  with  exception  of  pH. 


Recommended  Procedure  for  Fixing  and  Deter¬ 
mining  Oil  Content  of  Water  Samples 

Collecting  the  Sample.  Wash  a  500-ml.  volumetric  flask 
with  a  small  amount  of  95  per  cent  alcohol,  rinse  out  the  alcohol 
with  a  small  amount  of  ethyl  ether,  and  dry  the  inside  of  the 
flask  with  a  stream  of  air.  Wash  a  500-ml.  bottle  and  cork 
stopper  in  the  same  fashion. 

Measure  500  ml.  of  the  water  sample  into  the  volumetric  flask 
at  the  sampling  point.  Pour  the  contents  of  the  flask  into  the 
bottle  and  rinse  the  flask  with  a  small  amount  of  oil-free  distilled 
water  which  is  also  added  to  the  500-ml.  bott  e.  By  means  of  a 
graduate,  add  10  ml.  of  the  ferric  chloride  solution,  stopper, 
and  shake  well.  Then  add  10  ml.  of  the  ammonium  hydroxide 
solution,  stopper,  and  shake  well.  The  sample  is  now  “fixed”. 

Determination.  Set  up  a  filter  flask  and  insert  an  Alundum 
thimble  in  the  filter  tube,  fastening  by  means  of  a  wide  rubber 
band.  The  Alundum  thimble  should  first  be  ignited  in  a  Bunsen 
flame  for  approximately  5  minutes. 

Add  the  fixed  sample  to  a  1-liter  beaker  (ether-washed)  and 
rinse  the  bottle  well  with  oil-free  distilled  water,  bring  the  sample 
just  to  a  boil  on  a  hot  plate,  and  let  stand  until  cool  (below 
40°  C.).  Filter  the  fixed  sample  through  the  Alundum  thimble, 
using  a  gentle  suction.  Wash  the  beaker  well,  making  certain 
that  all  of  the  ferric  hydroxide  floe  is  washed  into  the  thimble. 
Then  wash  the  thimble  with  distilled  water,  testing  the  filtrate 
from  time  to  time  with  0.1  A  silver  nitrate  solution  until  no 
further  opalescence  appears.  Let  the  thimble  dry  with  gentle 
suction  and  then  place  the  thimble  in  an  oven  at  a  temperature 
of  105  *  1°  C.  for  1.5  hours.  Remove  and  let  cool  in  a  desic¬ 
cator. 

Weigh  a  Soxhlet  flask  which  has  been  previously  ether-washed 
and  dried  at  100°  C.  for  one  hour  and  cooled  in  a  desiccator, 
and  add  approximately  75  ml.  of  ethyl  ether.  Extract  the  cooled 
thimble  and  floe  in  the  Soxhlet  apparatus  for  one  hour  on  a  steam 


bath.  Evaporate  the  ether.  Dry  the  outside  of  the  flask,  place 
in  an  oven  at  100°  C.  for  15  minutes,  cool,  and  weigh.  The  in¬ 
creased  weight  of  the  Soxhlet  flask  in  milligrams,  multiplied  by 
2,  equals  p.  p.  m.  of  oil. 

Discussion  and  Conclusions 

One  source  of  error  involved  in  the  various  methods  for  deter¬ 
mining  oil  in  water  is  the  presence  of  inorganic  salts  in  the  oil 
residue  when  weighed.  In  certain  instances,  this  error  may  be 
appreciable.  The  error  due  to  inorganic  salts  is  most  noticeable 
on  water  samples  containing  high  dissolved  solids  content,  such  as 
boiler  water.  Since  the  specification  limit  on  oil  in  a  boiler 
water  is  only  7  p.  p  m.,  it  is  necessary  to  employ  a  method  of  oil 
analysis  that  will  not  register  erroneously  high  simply  because  of 
inorganic  salts  such  as  sodium  sulfate  and  sodium  chloride  in  the 
oil  residue. 

A  second  and  more  important  source  of  error  is  due  to  the  loss  of 
oil  from  the  water  sample  on  standing.  It  is  seldom  convenient 
to  run  oil  samples  immediately  at  their  source.  The  authors’ 
method  of  “fixing”  the  sample,  immediately  upon  collection  satis¬ 
factorily  maintains  the  original  oil  content  even  after  prolonged 
standing. 

The  difficulty  in  preparing  standard  oil-water  solutions  made  it 
necessary  to  prove  the  accuracy  of  the  proposed  method  by  indi¬ 
rect  means.  Had  it  been  possible  to  add  a  definite  amount  of  oil 
to  a  water  sample  and  then  to  check  this  addition  by  determina¬ 
tion  of  the  oil  on  aliquot  portions,  the  percentage  adsorption  of 
oil  could  have  been  proved  by  the  ferric  hydroxide  precipitate. 
No  method  employed,  even  direct  evaporation  of  an  oil-water 
sample,  checked  the  initial  addition  of  oil  to  a  water  sample. 
However,  on  oil-distilled  water  samples,  freshly  prepared  and  im¬ 
mediately  analyzed,  check  results  were  obtained  by  the  technical 
method,  ether  extraction  method,  and  the  authors’  procedure, 
indicating  complete  adsorption  of  oil  by  the  ferric  hydroxide  pre¬ 
cipitate  within  the  limits  of  error  of  these  tests. 

The  authors’  procedure  does  not  determine  saponifiable  oil. 
However,  lubricating  oil  as  usually  employed  throughout  the 
power  plant  cycle  contains  only  a  small  percentage  of  saponifiable 
oil.  "While  the  method  recommended  by  the  American 
Boiler  Manufacturers’  Association,  acidification  to  1  per  cent  hy¬ 
drochloric  acid,  can  determine  the  saponifiable  oil,  this  slight  ad¬ 
vantage  is  overweighed  by  the  increase  in  solids  content  due  to 
the  presence  of  inorganic  salts  and  to  the  change  in  oil  content 
from  time  of  sampling  to  time  of  analysis. 

This  recommended  procedure  has  been  employed  in  the  labora¬ 
tories  of  W.  H.  &  L.  D.  Betz  for  the  past  four  years,  during  which 
time  between  four  and  five  thousand  determinations  of  the  oil 
content  of  water  samples  have  been  made.  The  method  has 
been  found  satisfactory  in  practice.  The  authors  suggest  its  use 
for  fixing  and  determining  oil  content  of  feed  water  and  boiler 
water  samples  as  a  referee  method. 
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Determination  of  Potash  in  Fertilizers 

or  Base  Goods 

In  the  Absence  of  Ammonium  Salts  and  Organic  Matter 

PHILIP  McG.  SHUEY,  Shuey  &  Company,  Savannah,  Ga. 


THE  proposed  method  for  determining  potash  in  fertilizers 
and  base  goods  removes  the  calcium,  iron,  and  aluminum  as 
phosphates,  after  boiling  in  water,  instead  of  removing  the  cal¬ 
cium  as  oxalate.  Only  one  subsequent  evaporation  and  no  igni¬ 
tion  are  necessary  ;  therefore  there  is  no  possible  loss  of  K20  by 
decrepitation  or  volatilization  and  the  time  and  attention  re¬ 
quired  in  these  operations  are  saved.  In  short,  the  determination 
is  the  same  as  in  the  case  of  potash  salts,  except  that  a  little  mono-, 
di-,  or  trisodium  phosphate  or  phosphoric  acid  is  added,  followed 
by  the  addition  of  dilute  sodium  hydroxide  until  the  solution  is 
permanently  alkaline  to  litmus. 

A  small  amount  of  additional  phosphate  or  phosphoric  acid  is 
needed  to  effect  complete  precipitation  of  the  calcium,  because 
calcium  occurs  in  phosphate  rock  and  superphosphate  in  excess 
of  the  P206  required  to  combine  with  it. 

The  method  has  been  found  repeatedly  to  yield  very  accurate 
and  concordant  results  in  the  absence  of  ammonium  salts  and 
organic  matter — e.  g.,  in  mixtures  of  superphosphate  and  potash 
salts.  The  test  for  the  presence  of  ammonia  may  be  made  in  an 
instant  by  simply  adding  sodium  hydroxide  to  a  hot  aqueous 
solution  of  a  portion  of  the  sample  and  noting  the  odor.  The 
appearance  and  odor  of  the  sample  itself  will  at  once  reveal  the 
presence  or  absence  of  organic  matter  such  as  tankage,  vegetable 
meal,  etc. 

The  method  is  particularly  useful  because  it  is  necessary  for  a 
manufacturer  first  to  make  a  base  when  using  considerable  quan¬ 
tities  of  potassium  sulfate,  owing  to  the  setting  properties  of  the 
sulfate. 

Five  grams  of  the  prepared  sample  are  transferred  to  a  500-ml. 
flask,  or  2.5  grams  to  a  250-ml.  flask,  and  boiled  for  half  an  hour 
with  approximately  350  or  200  ml.,  respectively,  of  distilled  water; 
30  ml.  of  a  2  per  cent  solution,  or  6  ml.  of  a  10  per  cent  solution,  of 
sodium  phosphate  are  added,  followed  by  dilute  sodium  hydrox¬ 
ide  while  the  flask  is  whirled  until  the  solution  is  permanently 
alkaline  to  litmus.  If  the  solution  again  becomes  acid  on  stand¬ 
ing,  more  sodium  hydroxide  should  be  added,  avoiding  a  large  ex¬ 
cess.  The  flask  is  then  allowed  to  cool,  the  solution  is  made  up 
to  the  mark,  mixed,  and  filtered,  and  an  aliquot  of  25  ml.,  equiva¬ 
lent  to  0.25  gram,  is  pipetted  into  a  casserole  or  dish  other  than 
platinum;  the  platinic  chloride  and  a  few  drops  of  hydrochloric 
acid  are  added,  and  the  determination  is  completed  according  to 
ithe  official  method  for  K20  in  potash  salts  (?).  Just  before  filtering, 
jit  is  advisable  to  grind  the  precipitate  lightly  with  a  small  pestle 
in  order  to  remove  excess  platinum  chloride  and  facilitate  subse¬ 
quent  purification  with  ammonium  chloride  solution. 

Table  I  reports  determinations  made  to  show  the  accuracy  of 
ithe  method. 

Contamination  amounting  to  0.15  per  cent  due  to  dissolved 
silicates  was  found  in  the  caustic  soda  in  the  case  of  base  goods 
containing  superphosphate  made  from  Florida  rock;  therefore 
this  amount  was  deducted.  It  is  advisable  to  know  the  amount 
of  dissolved  glass  in  the  sodium  hydroxide  used  when  not  freshly 
made  up  and  to  make  the  necessary  correction  when  the  precipi¬ 
tate  is  not  dissolved  with  hot  water. 

In  analyzing  the  samples  of  base  goods  containing  superphos¬ 
phate  made  from  Tennessee  brown  rock  and  triple  superphos¬ 
phate  made  from  Idaho  rock,  fresh  sodium  hydroxide  solution  was 
made  up  from  pure  sticks;  no  silica  whatever  was  found  in  the 
precipitates.  All  precipitates  from  these  determinations  were 
dissolved  in  hot  water,  and  after  drying,  the  Gooch  crucibles 
were  found  to  weigh  the  same  as  they  did  originally. 


The  strength  of  the  alcohol  used  in  all  cases  was  95  per  cent. 
According  to  Scott  (2)  “too  large  a  volume  of  alcohol  should  be 
avoided,  as  K2PtClti  is  slightly  soluble  in  alcohol,  especially  that 
of  80  per  cent.  For  this  reason  95  per  cent  alcohol  is  preferable 
for  the  washing.”  Fresenius  states  that  “potassium  platinic  chlo¬ 
ride  is  not  absolutely  insoluble  even  in  strong  alcohol.” 

Since  the  Lindo-Gladding  method  of  purifying  the  precipitate 
is  effective,  the  presence  of  a  small  amount  of  lime  does  not  inter¬ 
fere.  For  instance,  20.23  per  cent  K20  was  found  in  the  sample 
of  potassium  sulfate  base  when  all  the  calcium  had  not  been  pre¬ 
cipitated,  compared  with  20.20  per  cent  when  precipitation  was 
complete. 

When  a  large  excess  of  platinum  chloride  is  not  added,  some  of 
the  sodium  will  form  sodium  platinic  chloride  (Na2PtCl6)  and 
some  may  remain  as  sodium  chloride.  In  either  case,  the  sodium 
is  freed  from  the  precipitate  when  the  official  method  is  followed. 
Equal  weights  of  pure  sodium  chloride  and  pure  potassium  chlo¬ 
ride  were  boiled  in  a  flask  with  water,  and  slightly  more  platinum 
chloride  was  added  to  the  aliquot  than  that  required  to  combine 
with  the  potash;  the  result  was  63.18  per  cent  K20  as  against 
63.17  per  cent  theory.  A  large  excess  of  platinic  chloride  is  un¬ 
necessary.  It  is  only  necessary  to  have  such  excess  as  is  readily 
shown  by  the  color  after  evaporation,  especially  after  the  acidi¬ 
fied  alcohol  has  been  added. 

The  dish  or  casserole  should  be  removed  from  the  steam  bath 
soon  after  evaporation,  in  order  to  prevent  the  formation  of  in¬ 
soluble  compounds.  The  addition  of  a  small  amount  of  glycerol 
has  been  recommended,  but  the  author  has  not  investigated  this 
point. 

While  the  weighed  portions  of  the  samples  were  being  boiled 
with  water,  they  had  a  tendency  to  ball  or  lump,  retarding  or 
preventing  complete  extraction  of  the  potash.  In  the  case  of  the 
triple  superphosphate  base  sample,  lumping  persisted  throughout 
the  entire  half-hour  boiling  period.  When  the  solution  was  made 
by  adding  alternately  small  portions  of  the  weighed  charge  of  the 
sample  and  water,  and  quickly  giving  the  flask  a  whirl  immedi¬ 
ately  after  each  addition  of  water,  there  was  no  caking  during 
boiling.  It  appears  that  lumps  of  calcium  sulfate,  which  is  not 


Table  I.  Determination  of  Potash 

k20 

Official 

% 

K2O 

Modified 

% 

Base  goods  made  in  proportion  of  1255  pounds  of  super- 

20.02 

20.20 

phosphate  and  745  pounds  of  c.  p.  K2SO.1,  having  theo¬ 
retical  analysis  of  20.13%.  Superphosphate  from 
Florida  land  pebble  rock 

20.05 

20.21 

Av. 

20.035 

20.205 

Base  goods  made  in  proportion  of  1255  pounds  of  super- 

20.24 

20.20 

phosphate  and  745  pounds  of  c.  P.  K2SQ1,  having  theo¬ 
retical  analysis  of  20.13%.  Superphosphate  from 
Tennessee  brown  rock 

20.24 

20.15 

Av. 

20.24 

20.175 

Base  goods  made  in  proportion  of  1255  pounds  of  triple 

20.31 

20.32 

superphosphate  and  745  pounds  of  c.  p.  K2SO1,  having 
theoretical  analysis  of  20.13%.  Triple  superphos¬ 
phate  from  Idaho  rock 

20.32 

20.37 

Av. 

20.315 

20.345 

Potassium  sulfate-magnesia  base.  Superphosphate 

11.05 

10.97 

from  Florida  land  pebble  rock 

10.93 

10.95 

Av. 

10.99 

10.96 

633 


634 
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very  soluble  in  either  hot  or  cold  water,  are  formed  by  the  reac¬ 
tion  between  monocalcium  phosphate  and  potassium  sulfate. 
The  fact  that  triple  superphosphate  is  very  high  in  monocalcium 
phosphate  supports  this  view.  The  reaction  may  be  expressed  as 
follows: 

Ca(H2P04)2  +  K2S04  =  CaS04  +  2KH2P04 

A  weighed  portion  is  boiled  with  ammonium  oxalate  according 
to  the  official  method  to  prevent  loss  by  the  action  of  the  colloids, 
but  in  the  case  of  high-analysis  base  goods,  the  potassium  sulfate 
has  the  same  effect,  and  complete  recovery  of  the  potash  is  ob¬ 
tained. 

In  making  up  the  20  per  cent  base  mixtures,  the  same  kind  and 
amount  of  potassium  sulfate  were  used  in  all  cases.  The  slightly 


different  results  may  largely  be  ascribed  to  differences  in  compo¬ 
sition  of  the  phosphate  rock  deposits.  According  to  Jacob  et  al. 
(I),  Florida  land  pebble  phosphate  contains  0.19  per  cent  K20 
(average  of  11  analyses),  Tennessee  brown  rock  phosphate  0.435 
per  cent  (average  of  6  analyses),  and  Idaho  phosphate  0.44  per 
cent  (average  of  3  analyses). 

While  the  potash  is  originally  present  mainly  as  silicates,  a 
small  amount  is  probably  decomposed  by  the  action  of  fluorine 
in  the  mixing  pan  and  during  subsequent  curing. 
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Fluorometric  Determination  of  Riboflavin 

in  Pork  Products 

WALTER  J.  PETERSON,  D.  E.  BRADY,  and  A.  O.  SHAW 
Department  of  Animal  Industry,  North  Carolina  Agricultural  Experiment  Station,  Raleigh,  N.  C. 


A  method  developed  for  the  fluorometric  deter¬ 
mination  of  riboflavin  in  pork  and  pork  products 
has  been  applied  successfully  to  ham,  pork  mus¬ 
cles,  fat,  liver,  heart,  lung,  and  spleen.  It  is  in 
close  agreement  with  other  fluorometric  procedures 
and  the  results  do  not  differ  greatly  from  values 
reported  for  the  same  tissues  when  analyzed  by 
bioassay  or  microbiological  procedures.  The  ad¬ 
sorption  procedure  of  Conner  and  Straub  and  the 
permanganate  oxidation  step  have  been  eliminated, 
thus  shortening  the  time  required  for  analysis. 

Large  differences  were  found  in  the  riboflavin 
content  of  different  muscles  of  the  same  pig. 
Appreciable  amounts  of  riboflavin  were  found  in 
various  pork  fats  from  which  all  lean  had  been 
removed . 


THE  most  widely  used  procedures  for  the  determination  of 
riboflavin  in  meats  and  meat  products  have  been  the  biologi¬ 
cal  rat  growth  assay  (8,  7,  8,  10)  and  the  microbiological  proce¬ 
dure  of  Snell  and  Strong  (15).  The  latter  method  measures  the 
influence  of  riboflavin  on  both  the  cell  growth  and  the  acid 
production  of  Lactobacillus  casei  e  grown  on  a  synthetic  medium 
free  of  riboflavin. 

The  fluorometric  method,  which  measures  the  degree  of  fluo¬ 
rescence  given  by  riboflavin  in  violet  light,  is  being  used  with  suc¬ 
cess  in  the  analysis  of  many  foods  (6, 9,  IS,  16),  but  its  application 
to  animal  tissue  has  been  only  partially  successful  (14, 18).  For 
many  reasons,  the  application  of  fluorometric  methods  to  all  types 
of  foods  and  biological  materials  seems  desirable.  All  the  proposed 
methods  have  certain  limitations:  The  biological  procedure  is  ex¬ 
pensive  and  time-consuming  and  in  some  food  materials  there  is 
the  question  of  the  availability  of  riboflavin  (11).  In  the  fluoro¬ 
metric  method,  excessive  turbidity  and  the  presence  of  extrane¬ 
ous  fluorescent  materials  in  solution  are  troublesome  features. 
Extracts  of  certain  biological  material  may  exert  either  in¬ 
hibitory  or  stimulating  effects  (17)  in  the  microbiological  proce¬ 
dure.  Both  the  fluorometric  and  microbiological  methods  have 
in  common  the  problem  of  bringing  the  vitamin  into  solution.  As 


existing  methods  become  refined,  these  and  other  difficulties  will 
be  overcome. 

Mickelsen,  Waisman,  and  Elvehjem  (13),  using  the  micro¬ 
biological  method,  have  made  extensive  investigations  of  the 
riboflavin  content  of  meat  and  meat  products.  These  workers 
point  out  that  the  values  in  the  literature  previous  to  1934  on  the 
distribution  of  riboflavin  are  not  of  a  quantitative  nature. 
Williams  and  the  University  of  Texas  group  (17),  using  the  same 
method,  have  made  important  contributions  in  studies  of  the 
vitamin  content  of  tissues  and  foods.  Of  particular  value  to 
workers  in  this  field  is  their  demonstration  of  the  variability  in 
efficacy  of  extraction  of  the  different  vitamins  depending  on  the 
nature  of  the  food,  the  enzyme  used,  and  the  heat  treatment  in¬ 
volved. 

Of  the  fluorometric  procedures  reported,  that  of  Conner  and 
Straub  (4)  appears  to  give  reliable  results  with  many  plant 
products.  This  procedure  was,  therefore,  taken  as  a  starting 
point  in  the  present  studies,  and  the  optimal  conditions  were  de¬ 
termined  for  its  application  to  pork  products.  The  method 
which  was  finally  devised  differs  from  the  Conner  and  Straub 
method  in  the  following  points:  The  adsorption  procedure  and 
permanganate  oxidation  steps  have  been  omitted;  the  incubation 
period  with  clarase  has  been  increased  from  two  hours  to  24 
hours;  and  “blank”  values  are  obtained  by  reduction  of  the 
riboflavin  of  the  extracts  with  sodium  hydrosulfite. 

Description  of  Method 

Because  of  the  sensitivity  of  riboflavin  to  fight,  all  manipula¬ 
tions  are  conducted  in  a  semidarkened  laboratory;  and  amber 
glassware  is  used  throughout. 

A  10-  to  20-gram  sample  is  dropped  into  100  cc.  of  0.04  N 
sulfuric  acid  in  a  Waring  Blendor  and  macerated  for  2  minutes  at 
high  speed.  The  creamy  mixture  is  then  transferred  quantita¬ 
tively  to  a  250-  or  300-cc.  Erlenmeyer  flask,  using  a  minimum 
amount  of  water  from  a  wash  bottle  to  effect  the  transfer.  The 
flask  is  plugged  with  cotton  and  autoclaved  15  minutes  at  6.8  kg. 
(15  pounds)  pressure.  As  soon  as  the  flask  has  cooled,  20  cc.  of  a 
2.5  per  cent  solution  of  clarase  (4)  freshly  prepared  in  a  sodium 
acetate-acetic  acid  buffer  are  added.  [The  buffer  solution  (pH 
4.5)  is  prepared  by  adding  54.4  cc.  of  glacial  acetic  acid  to  66.9380 
grams  of  anhydrous  sodium  acetate  together  with  sufficient  dis¬ 
tilled  water  to  obtain  a  solution  of  the  reagents,  and  then  trans¬ 
ferred  to  a  1-fiter  volumetric  flask  and  made  up  to  volume  with 
distilled  water.]  The  contents  of  the  flask  are  mixed  thoroughly 
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and  then  incubated  at  a  temperature  of  45°  C.  for  24  hours. 
The  flask  is  agitated  two  or  three  times  during  the  incubation. 

Following  the  incubation  period,  the  extract  is  brought  to  a 
volume  of  200  cc.  At  this  point  the  contents  of  the  flask  should 
be  thoroughly  mixed,  either  by  stoppering  the  flask  and  shaking 
thoroughly,  or  transferring  the  contents  to  a  Waring  Blendor  and 
mixing  for  30  seconds.  The  solution  is  then  filtered  and  approxi¬ 
mately  20  cc.  of  filtrate  are  collected.  Clarification  by  centrifuga¬ 
tion  may  be  used  instead  of  filtration,  if  preferred. 

Into  each  of  two  test  tubes,  A  and  B,  are  pipetted  5  cc.  of 
filtrate.  Five  cubic  centimeters  of  water  are  added  to  tube  A, 
and  5  cc.  of  an  aqueous  riboflavin  solution  containing  0.2  micro¬ 
gram  per  cc.  to  tube  B.  The  solutions  are  mixed  and  fluorescent 
readings  are  made  after  adjusting  the  instrument.  With  the 
Coleman  electronic  photometer  (Model  12),  the  instrument  was  ad¬ 
justed  each  day  with  a  sodium  fluorescein  solution  of  such  strength 
that  when  its  reading  was  100,  an  aqueous  solution  containing  0.2 
microgram  of  riboflavin  read  70.  This  range  was  suitable  for  most 
pork  extracts  prepared  in  the  above  manner.  Having  obtained 
readings  for  A  and  B,  0.5  cc.  of  sodium  hydrosulfite  solution  is 
added  to  each  tube  and  readings  are  taken  again.  The  average  of 
these  two  readings  constitute  the  reading  of  the  sample  blank,  or 
C  reading. 

The  hydrosulfite  solution  ( 1 )  was  prepared  by  dissolving  5 
grams  of  sodium  hydrosulfite  in  100  cc.  of  an  ice-cold  sodium 
bicarbonate  solution  (2  grams  of  sodium  bicarbonate  per  100  cc.). 


To  determine  the  concentration  of  riboflavin  per  cubic  centi¬ 
meter  of  extract,  the  following  formula  was  used : 


A  -  C 
B  -  A 


X  0.1  microgram  per  cc.  =  micrograms  of  riboflavin  per  cc. 


It  is  important  that  a  “complete  blank”  containing  all  the 
reagents  used  in  the  method  be  run  through  the  entire  procedure, 
and  the  resulting  concentration  subtracted  from  the  value  of  the 
sample  extract.  The  high  riboflavin  content  of  clarase  has  not 
i  been  sufficiently  emphasized,  nor  has  the  fact  that  a  considerable 
portion  of  the  blank  reading  is  due  to  the  enzyme.  Cheldelin, 
Eppright,  Snell,  and  Guirard  (2)  have  determined  the  riboflavin 
I  content  of  many  of  the  enzymes.  Clarase  was  not  included 
in  this  group.  In  the  proposed  procedure,  this  enzyme  contained 
8.0  micrograms  per  gram.  For  pork  muscle  tissues  its  fluores- 
|  cence  reading  represented  15  to  25  per  cent  of  the  total  sample 
reading  (A).  Its  blank  reading  (C),  after  reduction  with  hydro- 
I  sulfite  was  large,  representing  50  to  80  per  cent  of  the  values  ob¬ 
tained  for  C  readings  of  pork  muscle  extracts  carried  through  the 
above  procedure  with  20-gram  samples.  In  Table  I  are  shown 
typical  readings  for  pork  muscle  extracts. 

Because  of  the  remarkable  clarity  of  the  extracts,  the  time- 
consuming  adsorption  step  of  Conner  and  Straub  was  not  used. 
Instead,  aliquots  of  the  extract  were  prepared  by  the  procedure  of 
Bailey  and  Thomas  ( 1 ).  The  general  practice  of  destroying 
;  colored  impurities  by  oxidation  with  potassium  permanganate 
was  not  resorted  to,  since  independent  experiments  indicated  that 
it  was  not  permissible  to  assume  that  the  blank  value  of  any  two 
permanganate-treated  eluates  would  necessarily  be  identical, 
nor  that  they  would  necessarily  be  small  and  negligible.  This  is 
r  typical  of  many  fluorometrie  procedures,  as  is  also  the  assumption 
that  the  reading  “increment”  for  a  given  amount  of  pure  ribo¬ 
flavin  will  be  the  same  for  all  permanganate-treated  extracts  of 


Table  I.  Typical  Fluorophotometer  Readings  and  Calcu¬ 
lated  Riboflavin  Content  of  Pork  Muscle  Extracts 


Fluorophoto  meterReadings®  Calculated  Riboflavin  Content 


Sample 

A 

B 

c 

A-C  B-C 

Extract 

Microgram/cc. 

Muscle 

Microgram /gram 

1 

58 

91 

12 

46 

33 

0.139 

2.58 

2 

53 

86 

10 

43 

33 

0.130 

2.40 

3 

55 

87 

11 

44 

32 

0.138 

2.56 

4 

67 

97 

11 

56 

30 

0.186 

3.52 

1  5 

40 

72 

10 

30 

32 

0.094 

1.68 

Enzyme  blank 

10 

40 

7 

3 

30 

0.010 

•  A,  reading  of  extract. 

B,  reading  of  extract  containing  1  microgram  per  cc.  of  added  riboflavin. 

C,  reading  of  extract  after  reduction  with  sodium  hydrosulfite. 


animal  and  plant  tissues.  The  use  of  permanganate  would  also 
interfere  with  the  sodium  hydrosulfite  reducing  treatment  subse¬ 
quently  used. 

As  emphasized  by  Bailey  and  Thomas  (I),  this  method  renders 
unnecessary  the  preparation  of  a  standard  curve  of  reference  of 
photometer  response  unless  one  desires  to  know  the  extent  to 
which  the  intensity  of  fluorescence  of  riboflavin  is  quenched  by 
substances  in  the  solution  analyzed.  The  average  quenching 
value  of  pork  muscle  extracts  was  11.5  per  cent,  the  low  value  of 
which  shows  the  clarity  of  the  extracts  obtained  by  this  method. 


Table  II.  Effect  of  Time  of  Incubation  with  Clarase  on 
Yield  of  Riboflavin  from  Pork  Muscle 

Sample  2  Hours  24  Hours 

{Micrograms/ gram  of  fresh  pork  tissue) 


A 

1.67 

2.26 

1.98 

2.28 

B 

1.57 

2.12 

1.70 

2.34 

C 

1.58 

2.24 

1.74 

2.34 

Average  of  12  loin  samples 

1.32 

1.78 

Critical  Study  of  Steps  in  Procedure 

Extraction  Method  and  Enzymatic  Hydrolysis.  In  pre¬ 
liminary  determinations,  the  method  of  extraction  by  Conner  and 
Straub  (4)  was  used  with  modifications.  In  all  direct  comparisons 
adjacent  slices  of  a  single,  separated  muscle  were  used  for  sam¬ 
ples.  Samples  of  pork  muscle  which  had  been  mixed  in  0.04  N 
sulfuric  acid  with  a  Waring  Blendor  were  digested  for  varying 
lengths  of  time  on  a  boiling  water  bath  previous  to  incubation 
with  clarase.  These  results  were  compared  with  analyses  of  the 
same  samples  which  had  been  autoclaved  for  15  minutes  at  15 
pounds’  pressure.  The  results  of  these  experiments  indicated  that 
the  length  of  heating  was  not  so  critical  a  factor  as  the  length  of 
time  of  incubation  with  enzyme  subsequent  to  heating.  Thus, 
12  duplicate  samples  of  loin  gave  an  average  value  of  1.75  micro¬ 
grams  of  riboflavin  per  gram  when  heated  for  1  hour  on  a  boiling 
water  bath,  as  compared  to  an  average  value  of  1.78  micrograms 
per  gram  when  the  samples  were  autoclaved.  (These  samples 
were  subsequently  incubated  24  hours  with  clarase.)  In  the 
routine  determination  of  a  large  number  of  samples  it  proved  to  be 
more  convenient  to  use  the  autoclave  throughout,  with  results 
from  check  samples  agreeing  more  consistently. 

Incubation  of  samples  with  clarase  for  2  hours  as  in  the  method 
of  Conner  and  Straub  gave  erratic  results  and  the  values  were 
frequently  considerably  lower  than  those  which  had  been  re¬ 
ported  in  the  literature  ( 13 )  for  similar  products  analyzed  by  the 
microbiological  method.  Also,  the  exhaustive  investigations  on 
the  enzymatic  liberation  of  B  vitamins  from  plant  and  animal 
tissues  by  Cheldelin  et  al.  (2)  suggested  that  a  2-hour  incubation 
might  not  be  sufficient.  This  proved  to  be  the  case.  In  Table  II 
are  shown  the  values  for  a  2-hour  and  a  24-hour  incubation  with 
2.5  per  cent  clarase  (incubation  for  more  than  24  hours  did  not 
improve  the  yield).  Values  range  from  15  to  35  per  cent  greater 
for  the  24-hour  incubation.  These  figures  also  show  the  duplica- 
bility  of  results  by  this  method  for  pork  products. 

Since  Cheldelin  et  al.  (2)  had  demonstrated  that  enzymes  may 
differ  widely  in  the  efficiency  with  which  they  will  liberate  ribo¬ 
flavin  from  foods,  it  seemed  desirable  to  compare  the  effectiveness 
of  other  enzymes  with  that  of  clarase.  Solutions  (2.5  per  cent)  of 
clarase,  papain,  takadiastase,  and  mixtures  of  the  latter  two  were 
used  on  aliquot  samples  of  pork  muscle  exactly  as  described  for 
clarase  in  the  original  method.  Relative  yields  for  these  enzymes 
were:  clarase  100  per  cent,  papain  49  per  cent,  takadiastase  81 
per  cent,  and  papain  and  takadiastase  54  per  cent.  It  is  not  in¬ 
tended  to  imply  that  these  are  the  maximum  yields  obtainable 
with  the  enzymes  other  than  clarase.  A  variation  in  conditions 
might  easily  change  the  order  of  efficacy.  These  results  do,  how- 
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Table  III.  Compaeative  Results  Obtained  by  Proposed 
and  Conner  and  Straub  Adsorption  Procedures 


Sample  No. 

Proposed  Method 

M  icrogram  s/g. 

Adsorption  Method 
M  icrograms / g. 

12 

2.54 

2.50 

13 

1.82 

1.96 

16 

1.74 

2.08 

20 

1.82 

1.90 

28 

1.92 

2.00 

ever,  represent  the  values  obtained  under  the  conditions  of  the 
proposed  method.  The  Texas  group  (17)  usually  obtained  maxi¬ 
mum  yields  of  riboflavin  from  tissues  with  papain  or  combina¬ 
tions  of  papain  and  takadiastase. 

Comparison  of  Results  by  Different  Fluorometric 
Procedures.  In  order  to  test  the  method  it  seemed  desirable  to 
compare  the  results  obtained  with  those  of  other  methods  which 
had  been  suggested.  Good  agreement  was  found  with  the  Van 
Duyne  (18)  procedure  in  the  case  of  pork  heart  or  liver,  but  poor 
checks  were  obtained  with  muscle  tissues.  In  the  Van  Duyne 
method  the  sample  is  digested  for  24  hours  with  1  per  cent  pepsin 
in  hydrochloric  acid  at  37°  C.  The  lack  of  provision  for  determin¬ 
ing  the  size  of  the  increment  due  to  pure  riboflavin  in  the  Van 
Duyne  procedure  and  the  relatively  low  concentration  of  ribo¬ 
flavin  in  muscle  tissue  with  its  concomitant  high  blank  value 
probably  account  for  the  lack  of  agreement. 

A  comparison  of  the  proposed  method  with  the  results  obtained 
by  the  adsorption  procedure  of  Conner  and  Straub  is  shown  in 
Table  III.  These  values  are  averages  of  duplicate  d  terminations 
of  pork  tenderloin  muscles.  The  extracts  adsorbed  on  Super- 
sorb  were  those  obtained  by  the  extraction  procedure  described. 

Ordinarily  the  adsorption  method  yielded  slightly  higher  re¬ 
sults.  It  is  possible  that  this  can  be  accounted  for  by  the  assump¬ 
tion  which  is  implied  in  the  Conner  and  Straub  procedure  that  the 
blank  value  of  the  test  material  extract  after  adsorption  and 
permanganate  treatment  is  negligible. 

Good  agreement  was  also  obtained  on  pork  extracts  with  the 
Najjar  (11+)  method  proposed  for  the  fluorometric  determination 
of  riboflavin  in  urine  and  other  biological  fluids.  The  Najjar 
method  involves  treatment  of  the  extract  with  permanganate, 
followed  by  peroxide  and  subsequent  extraction  of  the  riboflavin 
by  use  of  butyl  alcohol.  Pyridine  and  sodium  sulfate  are  added 
before  extraction  with  the  alcohol.  The  blank  value  is  obtained 
by  exposing  the  sample  to  a  mercury  vapor  lamp  (or  direct  sun¬ 
light)  for  an  hour  or  two.  Six  cured  ham  samples  gave  an  aver¬ 
age  value  of  2.08  micrograms  per  gram  by  the  proposed  method 
and  1.85  micrograms  per  gram  by  the  Najjar  method. 


Table  IV.  Riboflavin  Content  of  Pork  Muscles  from  the 

Same  Pigs 

(Micrograms  per  gram  of  fresh  tissue) 

Muscle  Riboflavin  Content 

Shoulder  (triceps-Brachii)  3 . 0 

Tenderloin  (Psoas  Major)  2.4 

Loin  (anterior  end;  Longissimus  Dorsii)  1.3 

Loin  (posterior  end;  Longissimus  Dorsii)  1.3 

Ham  (inside;  adductor)  1.3 

Ham  (eye;  Semitendinosus)  1.8 


Riboflavin  Content  of  Pork  and  Pork  Products.  The 
method  has  been  applied  to  various  pork  muscles,  fat,  organs,  and 
hams,  both  dry-cured  and  brine-cured. 

In  Table  IV  are  shown  riboflavin  values  for  various  fresh  pork 
muscles.  The  muscles  were  obtained  from  two  pigs  which  had 
been  fed  a  standard  fattening  ration,  and  samples  from  the  right 
and  left  sides  of  the  carcass  were  taken  as  duplicates.  Each  value 
represents  the  average  of  two  duplicate  determinations  (one 
duplicate  for  each  pig).  The  high  values  for  shoulder  and  tender¬ 


loin  muscles,  and  the  large  differences  between  different  muscles 
were  unexpected.  Such  differences  in  the  muscles  themselves  may 
be  significant  in  evaluating  published  results. 

Table  V  gives  the  values  obtained  from  various  pork  organs 
compared  with  data  available  on  similar  organs  from  the  wTork  of 
Mickelsen  et  al.  (13).  Cheldelin  (2)  reports  a  somewhat  lower 
value,  8.4  micrograms  per  gram  for  pork  heart.  Darby  and  Day 

(5),  using  the  rat  bioassay  method,  give  values  of  3.0  micro¬ 
grams  per  gram  for  fresh  ham  and  23.0  micrograms  per  gram  for 
pork  liver.  The  high  value  of  0.9  microgram  per  gram  reported 
by  the  latter  workers  for  bacon  suggested  that  either  the  bacon 
studied  by  them  was  unusually  high  in  its  content  of  lean,  or 
pure  pork  fat  itself  contained  significant  amounts  of  riboflavin. 
This  prompted  a  study  of  the  various  types  of  pork  fat,  the  results 
of  which  are  presented  in  Table  VI.  The  relatively  high  values 
obtained  are  important  in  view  of  orthodox  concepts  regarding 
the  solubility  characteristics  of  riboflavin.  These  findings  sug¬ 
gest  a  reconsideration  of  animal  studies  concerned  with  the 
“sparing”  action  of  fats  on  the  B  vitamins. 


Table  V.  Riboflavin  Content  of  Various  Pork  Organs 


(Micrograms  per  gram  of  fresh  tissue) 


Organ 

Values  by 
Proposed  Method 

Values 

by  Mickelsen 
et  al. 

Liver 

22.0 

25.4 

Liver 

29.4 

26.9 

Liver 

29.0 

Heart 

io .'  i 

11.2 

Heart 

9.1 

Lung 

3.4 

Lung 

2.7 

Spleen 

3.6 

Spleen 

4.3 

Table  VI.  Riboflavin  Content  of  Pork  Fats 


Type  of  Fat 


Lard 

Ham  facing 
Back  fat 
Leaf  fat 


Riboflavin  Content 
Microgram/g. 

0.09 

0.63 

0.59 

0.57 
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An  Improved  Pressure-Regulating  Device 

B.  R.  WARNER,  Central  Experiment  Station,  Bureau  of  Mines,  Pittsburgh,  Penna. 


A  manostat  capable  of  controlling  a  large 
range  of  pressures  over  a  large  range  of  flows 
is  described.  The  method  of  operation  is 
given  and  the  limiting  conditions  for  its  use 
are  stated  in  terms  of  mathematical  equa¬ 
tions  and  graphs. 

EXPERIMENTS  in  progress  necessitated  the  use  of  a  mano¬ 
stat  capable  of  controlling  a  large  range  of  pressures  over  a 
large  range  of  flows.  The  problem  was  to  pass  a  gas  through  a 
reaction  chamber  at  definite  pressures  and  at  varying  rates  of  gas 
flow.  As  the  gaseous  products  must  be  undiluted  with  other 
gases  when  collected  on  the  low-pressure  side,  a  foreign  gas  or 
air-leak  device  could  not  be  used.  A  simple  and  accurate  device 
for  such  a  purpose  has  not  been  described  in  the  literature.  Cald¬ 
well  and  Barham  (1)  describe  a  float- valve  manostat  for  high 
pressures,  while  Lewis  (2)  depicts  an  accurate  device  for  low- 
pressure  control  based  upon  the  throttling  action  of  a  sintered- 
glass  disk  in  contact  with  mercury.  Both  these  systems  are 
self-contained  but  have  their  limitations  in  pressure  and  flow 
ranges. 

In  the  present  method,  a  sintered-glass  disk,  a  by-pass  con¬ 
trollable  needle  valve,  and  a  mercury  column  which  also  serves 
as  a  manometer  are  used  on  the  high-pressure  side,  and  a  throt¬ 
tling  needle  valve  on  the  low-pressure  side.  In  Figure  1  the  sys¬ 
tem  is  schematically  shown. 

m  is  a  mercury  column  connected  by  three-way  stopcock  / 
either  to  the  mercury  reservoir  i,  or  to  the  system  whose  pressure 
is  to  be  controlled,  d  is  a  sintered-glass  disk  that  allows  gas, 


(Hi 


but  not  mercury,  to  pass.  This  disk  is  slightly  inclined  to  the 
mercury  column  in  contact  with  it,  so  that  it  may  be  only  partly 
covered,  c  is  a  check  valve  to  prevent  mercury  from  passing 
into  the  system  in  case  of  a  sudden  decrease  in  the  pressure  in  the 
system,  a  and  b  are  stainless-steel  needle  valves  wherein  the 
movement  of  the  needle  is  effected  by  a  bellows,  e  is  a  trap  to 
collect  mercury  which  may  distill  through  the  disk. 

In  operation  the  desired  pressure  for  the  system  is  set  by  con¬ 
necting  mercury  reservoir  i  and  manometer  m  by  means  of  three- 
way  stopcock  f;  mercury  is  added  to  or  withdrawn  from  m 
through  the  use  of  stopcock  g.  Stopcock  /  is  then  turned  to  con¬ 
nect  m  with  the  system,  and  valves  a  and  b  are  adjusted  until 
the  sintered-glass  disk  d,  is  partly  covered  with  mercury.  The 
pressure  in  the  system  is  then  measured  from  h,  which  is  the  dif¬ 
ference  in  the  levels  of  the  mercury  in  m  and  at  d.  It  is  necessary 
to  throttle  valve  a  only  at  very  low  flows  through  the  system. 
Valve  b  is  used  at  large  flows,  since  the  gas  will  flow  through  d  at 
small  rates  only  because  of  its  high  resistance  to  gas  flow.  When 
the  pressure  in  the  system  is  higher  than  the  desired  value,  the 
sintered-glass  disk  is  uncovered  and  gas  flows  through  the  disk 
to  the  vacuum  side,  whereas,  when  the  pressure  is  low,  the  disk 
becomes  covered  with  mercury  and  gas  does  not  pass  through, 
thus  allowing  the  pressure  to  build  up. 

Figure  2  shows  the  maximum  rates  of  flow  of  air  through  d — 
that  is,  with  b  closed.  These  values  depend  to  a  certain  extent  on 
the  capacity  of  the  pump  in  the  vacuum  system.  Although  the 
medium-grade  filter  has  the  advantage  of  low  flow  resistance,  its 
use  is  limited  to  pressure  differentials  up  to  1.5  atmospheres,  at 
which  point  mercury  passes  through  the  disk.  The  fine-grade 
disk  was  tested  up  to  2  atmospheres’  pressure  differential,  and  no 
passage  of  mercury  through  it  was  observed. 

The  principal  advantage  of  this  type  of  control  over  the  float 
method  is  that  the  problem  of  the  relationship  between  the  weight 
of  the  float  and  the  pressure  differential  is  eliminated.  One  sin¬ 
tered-glass  disk  functions  at  all  pressures  until 
the  pressure  differential  is  reached  where  mercury 
passes  through  the  disk. 

Certain  limitations  in  the  use  of  a  sintered- 


glass  disk  in  a  manostat  are  imposed  by  passage 
of  mercury  through  the  disk  and  restriction  of  gas 

flow. 

The  relation  governing  the  passage  of  mercury 
can  be  shown  to  be 


2  ycos  8  =  —  (p  1  —  pi)r  (1) 


where  7  = 
P1-P2  = 

r  = 

e  = 


surface  tension  of  the  mercury 
pressure  differential  across  the 
disk 

radius  of  pores  (average) 
contact  angle 


That  for  flow  resistance  can  be  closely  approxi¬ 
mated  by  either  the  Poiseuille  equation 


G  = 


tt(Pi  -  ?2)r4 
8ij  d 


M 

RT  P 


(2) 


or  the  Knudsen  equation  when  the  mean  free  path 
is  comparable  with  r: 

G  ~  I  VI  3  -  *>  (3> 

where  G  —  mass  of  gas  flowing  through  per  second 
7)  =  viscosity  of  gas 

p  =  average  pressure  in  the  disk 
M  =  molecular  weight  of  gas 
R  =  gas  constant 
T  =  absolute  temperature 
d  =  thickness  of  disk 


Figure  1.  Apparatus  for  Control  of  Pressure  and  Flow  of  Gases 


and  the  other  terms  are  as  defined  for  Equation  1 . 
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PRESSURE,  CM.  Hg  IN  SYSTEM 

Figure  2.  Maximum  Rates  of  Gas  Flow  thhough 
Sinteked-Glass  Disks 


As  can  be  seen  from  these  relations,  the  limiting  pressure  dif¬ 
ferential  for  nonpassage  of  mercury  varies  inversely  as  r,  while 
the  flow  of  gas  varies  as  the  cube  or  4th  power  of  r.  It  follows, 


therefore,  that  a  disk  with  low  resistance  to  flow  will  also  have  a 
low  resistance  to  passage  of  mercury,  which  destroys  the  regu¬ 
lating  function  of  the  disk. 

For  example,  the  medium  disk  passed  mercury  at  about  1.5 
atmospheres’  pressure  differential.  Using  the  following  values 
in  Equation  1 

y  =  485  dynes  per  cm. 

Pi  —  Pi  =  1.5  X  106  dynes  per  sq.  cm. 
cos  6  =  —  1 

r  is  calculated  to  be  about  6.6  microns.  The  fine  disk  was  tested 
up  to  2  atmospheres  without  passing  mercury.  From  this  one 
would  estimate  r  to  be  of  the  order  of  3  microns. 

While  this  disk  can  be  used  at  greater  pressure  differentials, 
the  gas  flow,  as  shown  by  Equations  2  and  3  and  by  Figure  2,  is 
considerably  reduced.  To  obviate  this  difficulty  valve  b  was  in¬ 
serted  in  parallel  with  the  disk.  This  valve  can  be  adjusted  to 
the  point  where  the  flow  of  gas  to  the  disk  is  of  a  magnitude 
capable  of  being  handled  by  the  disk  and  the  regulating  property 
of  the  disk  functions. 

Because  of  its  ready  availability  a  fritted-glass  disk  was  used. 
A  much  better  scheme  would  involve  the  use  of  a  long,  cylindrical 
cup  of  fritted  glass,  whereby  the  mercury  would  find  its  level 
by  covering  or  uncovering  the  cylinder  for  passage  of  gas.  This 
was  done  by  Wansbrough- Jones  (S),  who  used  a  clay  tube  closed 
at  one  end  for  regulating  flow  of  gases  at  very  low  pressure  dif¬ 
ferences.  In  this  case,  however,  the  presetting  of  a  desired  pres¬ 
sure  would  be  more  difficult  since  d,  Figure  1,  would  no  longer 
be  a  fixed  point  and  height  h  would  be  a  variable.  Pyrex  brand 
sintered-glass  disks  manufactured  by  the  Corning  Glass  Co.  were 
used. 
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Modified  Hershberg  Melting-Point  Apparatus 

MORRIS  M.  GRAFF,  Southern  Regional  Research  Laboratory,  2100  Robert  E.  Lee  Blvd.,  New  Orleans,  La. 


ACCURATELY  controlled  temperature  and  heating  of  melt- 
Ij l  ing-point  baths  have  long  been  a  problem  in  the  determina¬ 
tion  of  melting  points  up  to  about  150°  C.  Where  the  tempera¬ 
ture  is  controlled  by  heating  resistance  units,  one  is  apt  to  en¬ 
counter  a  lag  or  overshoot  in  the  temperature  when  contact  is 
made  or  broken. 

The  Hershberg  precision  melting-point  apparatus1  has  been 
modified,  so  that  the  melting-point  temperatures  of  low-melting 
solids  may  be  maintained  to  within  0.1°  C.  over  a  longer  period  of 
time  (Figure  l).  Heat  is  applied  through  radiation  from  an  in¬ 
frared  drying  bulb  of  105  to  120  volts  and  250  watts.  When  the 
lamp  is  turned  on  or  off,  heat  is  applied  or  discontinued  instan¬ 
taneously,  thus  avoiding  any  heat  lag  or  overshoot.  The  bulb  is 
placed  within  a  metal  container  sufficiently  ventilated  to  allow  for 
heat  dissipation  and  is  focused  on  the  heating  chamber  of  the 
melting-point  bath.  The  chamber  consists  of  a  flattened  portion 
of  the  Thiele  tube  made  by  sealing  two  6-cm.  Pyrex  petri  dishes 
into  the  tube.  By  using  the  infrared  bulb  specified  the  limiting 
temperature  is  about  150°  C.  A  higher  temperature  could  be 
attained  by  using  two  heating  units,  one  on  either  side  of  the 
heating  chamber,  or  by  using  lamps  of  higher  wattage.  The 
heating  is  controlled  by  means  of  a  variable-voltage  transformer. 


1  Hershberg,  E.  B.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  312  (1936). 


Figure  1 


Hydrogen  Electrode  Half-Cell  in  Polarography 

J.  PERCY  BAUMBERGER  AND  KATHLEEN  BARDWELL 

The  Barnard  Free  Skin  and  Cancer  Hospital,  St.  Louis,  Mo.,  and  Department  of  Physiology,  Stanford  University1,  Calif. 


The  hydrogen  electrode  is  shown  to  serve  as  an 
adequate  and  convenient  anode  in  polarographic 
work.  The  fact  that  the  potential  of  the  anode 
may  be  changed  at  will  to  potentials  between  Eh  0 
and  —0.8  by  simply  adjusting  the  pH  of  the  hydro¬ 
gen  electrode  solution  makes  it  possible  to  change 
the  applied  voltage  to  values  that  will  give  the 
optimum  definition  and  separation  of  polaro¬ 
graphic  waves.  Some  improvements  of  the  Sar¬ 
gent  type  of  polarograph  are  suggested. 


IN  POLAROGRAPHIC  work  the  position  and  height  of  each 
wave  on  the  current- voltage  curve  are  usually  determined  (9). 
The  maximum  clarity  of  these  waves  can  be  obtained  by  adjust¬ 
ing  the  voltage  to  make  the  relation  of  the  scale  of  abscissas 
(voltages)  to  ordinates  (amperes)  such  that  the  waves  are  prop- 
■  erly  accentuated  in  form  and  location.  In  this  paper  it  is  shown 
that  the  attainment  of  this  objective  is  facilitated  by  the  use  of 
the  hydrogen  electrode  as  an  adjustable  anode  or  as  a  reference 
half-cell.  The  use  of  the  normal  hydrogen  electrode  as  final 
reference  is,  of  course,  implied  in  polarographic  as  well  as  in  all 
electrochemical  work,  but  the  author  has  not  found  a  published 
statement  of  its  actual  use  as  a  half-cell  with  the  dropping  mer¬ 
cury  electrode.  Muller  ( 8 )  states  “The  hydrogen  electrode  has 
been  used  in  Prague  by  myself  and  others.  The  ease  by  which  its 
potential  can  be  altered  up  and  down  the  scale  has  never  been 
pointed  out.” 

It  is  the  usual  procedure  (4,  5,  7)  to  leave  a  large  pool  of  mer¬ 
cury  on  the  wide  bottom  of  the  conical  electrode  vessel  of  the  po¬ 
larograph  to  serve  as  the  quiet,  difficultly  polarizable  half  of  the 
cell,  while  the  dropping  mercury  electrode  serves  as  the  easily  po¬ 
larizable  electrode.  The  actual  potential  of  the  quiet  electrode 
may  be  determined  by  connecting  it  to  a  reference  half-cell — e.  g., 
a  calomel  half-cell.  It  is  essential  that  the  value  be  thus  checked 
because  the  potential  of  the  quiet  electrode  will  vary  with  the 
electrolyte  in  the  electrode  vessel. 

Muller  and  Baumberger  ( 9 )  used  the  saturated  calomel  half¬ 
cell  directly  and  avoided  the  use  of  the  large  quiet  mercury  refer¬ 
ence.  Thus  they  had  a  convenient  constant  reference  point  for 
the  calculation  of  potentials  and  were  saved  the  inconvenience  of 
using  relatively  large  quantities  of  mercury,  as  well  as  the  trouble 
of  filling  side  arms  with  mercury,  etc. 

However,  the  saturated  calomel  half-cell  has  a  rather  high 
value,  Eh  =  0.246  at  25°.  Since  many  of  the  determinations 
made  with  the  polarograph  are  carried  out  at  relatively  low  Eh — 
•e.  g.,  protein  waves  at  Eh  =  —1.2  volts — the  potential  difference 
between  a  calomel  half-cell  and  the  dropping  mercury  electrode 
may  be  of  the  order  of  1.5  volts.  The  applied  voltage  on  the 
dropping  mercury  electrode  is  calculated  from  the  position  at 
i  which  the  bridge  is  tapped,  the  bridge  voltage,  and  the  reference 
'  half-cell  value.  It  is  obvious  that  if  the  Eh  of  the  reference  half¬ 
cell  approaches  the  Eh  of  the  dropping  mercury  electrode,  the 
bridge  voltage  can  be  diminished  and  a  given  change  in  the  posi- 
1  tion  of  the  sliding  contact  of  the  bridge  resistance  will  correspond 
to  a  much  smaller  Eh  change  on  the  dropping  mercury  electrode. 

In  the  polarographic  apparatus,  as  usually  available,  the 
bridge  span  corresponds  to  an  exposure  of  the  full  length  of  the 
photographic  recording  surface,  usually  with  abscissas  flashed 
automatically  at  ten  or  twenty  intervals.  By  varying  the  volt- 

1  Present  address. 


age  across  the  bridge  it  is  possible  to  make  these  abscissas  corre¬ 
spond  to  suitable  Eh.  When  the  bridge  wire  is  short,  using  a 
small  bridge  voltage  gives  increased  accuracy. 

In  the  Nejedly  polarograph  resistances  are  so  arranged  that 
they  may  be  added  before,  after,  or  at  both  ends  of  the  slide  wire, 
thus  placing  the  slide  wire  in  a  position  in  the  bridge  in  which  it 
may  be  most  effectively  used  to  adjust  the  applied  voltage. 

The  voltage  span  of  interest  in  the  polarograph  of  a  particular 
compound  might  be  —1.0  to  —1.3.  In  such  a  case,  if  a  reference 
half-cell  of  Eh  =  —0.9  were  used,  the  bridge  voltage  could  be 
made  0.5  volt  and  the  polarographic  waves  would  be  stretched 
out  on  the  horizontal  axis  of  the  graph  in  such  a  way  as  to  give 
suitable  detail.  Clark  (3)  and  Kolthoff  and  Lingane  (5)  fist 
many  reference  half-cells  of  various  high  and  low  potentials  and 
one  of  these  could  be  chosen — e.  g.,  Hg/HgS,  —0.77.  Instead 
of  using  a  number  of  different  types  of  anodes,  the  advantages  de¬ 
scribed  above  can  be  obtained  by  using  a  hydrogen  electrode  as 
anode  and  adjusting  the  pH  of  its  solution  to  such  a  value  that  the 
desired  Eh  will  be  obtained.  At  25°  C.,  Eh  —  —0.059  pH.  In 
practice  a  very  simple  hydrogen  electrode  half-cell  serves  the 
purpose  adequately. 

A  2-inch  piece  of  No.  30  platinum  wire  is  sealed  into  soft 
glass,  so  as  to  permit  a  mercury  contact  to  the  copper  leads, 
and  is  then  platinized.  A  four-hole  stopper  fitted  to  a  shell 
vial  carries  a  fine  inlet  bubbler  for  hydrogen,  an  outlet  through 
a  water  valve,  a  saturated  potassium  chloride  agar-agar  salt 
bridge,  and  the  platinized  platinum  electrode.  The  vessel  is 
half  filled  with  a  buffer  of  appropriate  pH  and  hydrogen  gas  is 
bubbled  vigorously  and  continuously  through  the  solution. 
This  hydrogen  electrode  half-cell  is  connected  by  the  salt  bridge 
to  a  saturated  potassium  chloride  connecting  vessel,  which  in 
turn  is  connected  to  the  dropping  mercury  electrode  half-cell 
by  a  second  salt  bridge,  completing  the  chain.  Hydrogen  gas 


A  line  has  been  drawn  along  crests  of  oscillations. 

Material.  Pemphigus  bulbous  fluid  in  C0CI2,  NH40H,  NH4CI. 
Conditions.  Anode,  curve  I,  hydrogen  electrode  at  pH  6.8, 
Eh  =  —0.408.  Curve  II,  quinhydrone  electrode  at  pH  6.8,  Eh  = 
0.287. 

Volts/abscissa.  I  =  —0.15,  II  =  —0.30. 

Initial  applied  voltages.  I  =  —0.45,  II  =  —0.90. 

Temperature,  30°  C.  Sensitivity,  1/50. 
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Figure  2.  Effect  of  Nature  of  Anode  on  Polarogram 

Material.  Human  blood  serum. 

Anodic  half-cells.  Curve  1,  hydrogen  electrode  at  pH  6.8.  Curve  2,  hydrogen  electrode 
at  pH  4.71.  Curve  3,  saturated  calomel  half-cell.  Curve  4,  quinhydrone  at  pH  6.8. 
Temperature,  22°  C.  Sensitivity,  2/300.  Applied  voltage,  3.8. 

Initial  applied  voltage  is  indicated  on  each  curve  and  abscissas  indicate  increasingly 
negative  voltages  for  each  curve  at  0.2  volt  per  abscissa. 


Figure  3.  Effect  of  Stirring  Solution  in  Quinhy¬ 
drone  Anode 

1,  stirred.  2,  unstirred. 

See  caption  of  Figure  2  for  other  details. 


from  a  tank  of  the  commercial  product,  passed  through  a  wash 
bottle,  gives  a  potential  in  the  neighborhood  of  the  expected 
potential  calculated  from  the  pH  of  the  buffer.  This  potential 
remains  very  constant  and  may  be  readily  determined  potentio- 
metrically,  using  the  calomel  half-cell  for  reference. 

If  suitable  precautions  (3)  are  taken,  the  hydrogen  electrode 
potential  may  be  calculated  directly  from  pH  and  serve  as  an 
absolute  reference  point. 

The  extension  of  polarographic  waves  on  the  horizontal  axis  by 
changing  the  applied  voltage  is  illustrated  in  Figure  1,  where  the 
bridge  voltage  is  twice  as  great  in  II  as  in  I.  The  material  used 
to  illustrate  these  points  is  in  Figure  1  a  blister  fluid,  pemphigus 
bulbous  fluid  ( 6 ),  and  in  the  other  figures  human  blood  serum. 
In  each  case  the  protein-containing  fluid  is  added  to  a  cobalt 
chloride-ammonium  hydroxide-ammonium  chloride  mixture 
which  forms  a  complex  of  Co++  and  the  cysteine  or  cystine  of  the 
protein  (2).  The  resultant  solution  gives  a  polarogram  having 
three  curves:  first  the  reduction  of  Co++,  and  then  the  cata¬ 
lytic  reduction  of  the  hydrogen  of  the  metalloprotein  complex, 
giving  a  pair  of  waves  labeled  1,  2  and  1',  2',  and  finally  the  re¬ 
duction  of  Na+  labeled  3,  3'  in  Figure  1.  In  the  subsequent 
figures  the  waves  are  not  labeled  but  are  in  the  same  sequence. 

Figure  1  shows  that  waves  1,  2,  and  3  are  separated  twice  as  far 
from  each  other  as  are  1',  2',  and  3'.  and  the  Eh  at  which  each 
occurs  can  therefore  be  more  accurately  determined.  This  sepa¬ 
ration  of  the  wave  would  not  be  possible  if  an  anode  of  high 
potential,  such  as  the  saturated  calomel  half-cell,  were  used  be¬ 
cause  the  voltage  necessary  would  be  about  2.2,  whereas  with  a 
hydrogen  electrode  as  anode  the  voltage  could  be  halved. 


The  apparatus  used  to  obtain  Figure  1  was 
changed  to  fulfill  the  requirements  of  this  type 
of  investigation. 

The  Heyrovsky  Polarograph,  Model  XI. 
manufactured  by  E.  H.  Sargent  &  Company, 
Chicago,  was  used.  It  was  found  helpful  to 
modify  this  instrument  in  four  ways:  (1)  Ten 
contacts  are  placed  on  the  single-revolution 
slide  wire,  so  that  the  electric  circuit  of  a  lamp 
is  completed  ten  times  in  the  span  of  the  bridge 
voltage.  This  fight  illuminates  the  entire  sht 
of  the  photographic  drum  and  records  abscissas, 
as  shown  in  Figure  1.  Before  this  modification 
the  applied  potential  could  be  indicated  only 
by  calculation  from  one  end  of  the  photographic 
record. 

(2)  The  photographic  drum  of  this  make  of 
polarograph  has  its  entire  circumference  cali¬ 
brated  into  ten  equal  sectors.  These,  however, 
do  not  correspond  to  tenths  of  the  applied 
voltage,  since  the  slide  wire  of  the  bridge  makes 
only  a  partial  revolution  and  is  geared  to  the 
photographic  drum  directly.  This  was  remedied 
by  recalibration,  so  that  definite  fractions  of 
the  drum’s  revolution  corresponded  to  tenths 
of  the  bridge.  Thus  the  correspondence  of  slide  wire  contact 
position  and  recording  cylinder  reading,  so  conveniently  available 
in  the  Nejedly  polarograph,  was  obtained. 

(3)  No  provision  is  made  in  this  make  of  apparatus  for  working 
with  fixed  applied  voltage  to  measure  the  change  in  concentra¬ 
tion  with  time  of  some  electrolyzable  substance  as,  for  example, 
the  utilization  of  oxygen  by  yeast  cells  (I).  A  switch  is  ar¬ 
ranged,  so  that  the  moving  contact  of  the  slide  wire  is  out  of 
the  circuit  and  the  applied  voltage  is  read  directly  from  the 
voltmeter.  The  revolving  drum  then  serves  to  record  the 
changes  in  diffusion  current  occurring  with  time. 

(4)  Although  the  galvanometer  of  this  make  of  apparatus 
is  very  stable,  the  vibrations  of  the  street  caused  considerable 
vibration,  as  did  also  the  process  of  loading  and  unloading  the 
photographic  drum.  This  was  overcome  by  supporting  the 
galvanometer  on  a  0.25-inch  metal  bracket  entering  the  case 
of  the  apparatus  through  a  slit  and  fastened  to  the  outer  brick 
wall  of  the  building.  The  case  of  the  apparatus  was  then 
fastened  to  a  fixed  table,  so  that  the  relation  of  galvanometer 
to  optical  system  would  remain  constant.  (All  the  above 
changes  were  made  by  Harry  Fulbright,  Physics  Department, 
Washington  University,  and  the  author  wishes  to  express 
appreciation  of  his  good  workmanship  and  helpful  advice.) 

The  adequacy  of  the  hydrogen  electrode  as  anode  is  shown  in 
Figure  2.  Here  polarographic  curve  3  with  a  calomel  half-cell  as 
anode  agrees  perfectly  with  curves  1  and  2  in  which  hydrogen 
electrodes  of  different  pH  are  employed  as  anodes. 

The  quinhydrone  electrode  does  not  serve  as  a  perfectly  satis¬ 
factory  anode,  apparently  becoming  somewhat  polarized,  as  in¬ 
dicated  by  the  fact  that  the  polarogram  is  stretched  out  over  a 
wider  voltage  range  than  is  the  case  when  the  hydrogen  electrode 


Figure  4.  Effect  of  Concentration  of  Buffer  on 
Hydrogen  Electrode  as  Anode 

Phosphate  buffer  of  pH  6.8  used  in  all  cases.  Logs  of  molar  con¬ 
centrations  of  buffer;  curve  1,  —1;  curve  2,  —3;  curve  3,  —5. 
See  caption  of  Figure  2  for  other  details. 
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or  calomel  electrode  is  used  as  anode.  This  is  shown  in  Figure  2 
by  comparison  of  curve  4  with  curves  1,  2,  and  3.  Stirring  greatly 
improves  the  performance  of  the  quinhydrone  electrode  as  anode, 
as  is  shown  by  Figure  3,  where  the  unstirred  electrode  as  anode 
gives  a  polarogram  more  drawn  out  than  the  stirred. 

The  concentration  of  buffer  necessary  to  make  a  hydrogen 
electrode  a  sufficiently  stable  anode  is  suggested  by  the  results  of 
dilution  of  buffer  shown  in  Figure  4.  Here  phosphate  buffer  of 
pH  6.8  is  satisfactory  when  log  M  =  —  1  but  allows  the  polaro¬ 
gram  to  be  distorted  where  log  M  =  —3  and  even  more  so  when 
logM  =  —5. 

Since  the  hydrogen  electrode  is  perfectly  reversible,  its  merits  as 
an  anode  also  apply  to  its  use  as  a  cathode  when  the  dropping 
mercury  electrode  is  anodic. 

Summary 

The  hydrogen  electrode  may  be  used  as  anode  (or  cathode)  in 
polarographic  work,  if  it  is  sufficiently  well  buffered  to  remain  un¬ 
polarized.  The  quinhydrone  electrode,  even  when  rapidly  stirred, 
is  less  satisfactory  for  this  purpose. 

The  relatively  low  potentials  obtainable  with  the  hydrogen 
electrode  permit  the  use  of  low  bridge  voltages  and  consequently 
the  spreading  of  polarographic  waves. 


The  hydrogen  electrode  potential  can  be  readily  adjusted  by 
changing  the  pH  of  the  solution  in  which  it  is  immersed;  this 
makes  it  a  convenient  half-cell  for  polarography. 

Several  changes  have  been  made  which  add  to  the  usefulness  of 
the  Sargent  type  of  Heyrovsky  polarograph. 
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Automatic  Pressure-Regulating  Manometer 

ROGER  GILMONT  AND  DONALD  F.  OTHMER,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 


Figure  1 .  General  Ar¬ 
rangement  of  Manom¬ 
eter  and  Constant 
Pressure  Device 

Upper  open  line  goes  to 
source  of  vacuum,  lower 
open  line  goes  to  system, 
both  preferably  by  way  of 
traps  to  catch  any  mercury 
pulled  through  lines. 


THE  device  shown  in  Figures 
1  and  2  was  developed  in  the 
experimental  study  of  the  vapor- 
liquid  equilibria  of  the  binary 
system,  water-acetic  acid,  at 
subatmospheric  pressures  (1), 
using  the  equilibrium  still  previ¬ 
ously  described  (2).  It  has  also 
proved  of  use  in  controlling  pres¬ 
sures  in  other  operations,  such  as 
vacuum  disti  llations.  This  pres¬ 
sure  regulator  contains  no 
moving  parts.  *  It  can  be  con¬ 
structed  without  glass  blowing 
and  includes  a  direct-reading 
manometer. 

A  meter  stick  measures  the 
height  of  the  mercury  column  in 
the  closed-tube  manometer  above 
the  mercury  level  in  the  trap. 
A  movable  indicator  with  a 
vernier  reads  the  mercury  level 
in  the  manometer  tube  when  the 
meter  stick  is  adjusted  so  that  a 
fixed  indicator  reads  the  level  in 
the  lower  trap.  Two  slots  in  the 
meter  stick  fitting  over  screws 
with  thumb  nuts  enable  vertical 
adjustment.  With  the  manom¬ 
eter  tube  filled  with  mercury  and 
the  level  of  mercury  in  the  lower 
trap  below  the  opening  of  the 
tapered  tip  of  the  right-hand 
tube,  suction  is  applied.  The 
level  in  the  lower  trap  is  adjusted 
by  means  of  the  mercury  reser¬ 
voir — a  standard  separatory  fun¬ 
nel.  When  the  level  of  the  mer¬ 
cury  in  the  manometer  falls  to  the 
desired  point,  the  level  of  the  mer¬ 
cury  in  the  lower  trap  is  adjusted 
so  that  a  seal  is  just  made  with  the 


Figure  2.  Details  of  Manometer  and  Constant-Pressure 

Device 
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opening  of  the  tapered  tip,  thereupon  the  stopcock  of  the  reservoir 
is  closed.  The  lower  trap  then  cuts  off  suction  of  gas  through  the 
right-hand  tube.  If  the  system  were  perfectly  gas-tight  at  con¬ 
stant  temperature,  the  pressure  would  remain  constant  and  the 
pressure  regulator  would  be  unaffected.  If  air  does  leak  in,  mer¬ 
cury  rises  in  the  manometer  and  the  two  other  tubes  to  depress 
the  level  in  the  lower  trap,  so  that  the  higher  pressure  of  the 
system  causes  gas  to  rise  through  the  right-hand  tube,  carrying 
the  mercury  with  it.  The  mercury  returns  to  the  lower  trap  by 
way  of  the  left-hand  tube.  Gas  is  withdrawn  by  the  evacuator 
until  the  pressure  and  mercury  drop  and  the  level  is  restored  in 
the  lower  trap  to  its  original  position,  at  which  further  evacuation 
is  prevented  by  the  seal. 

The  regulator  maintains  constant  pressure  within  about  2  mm. 
at  lower  pressures  and  within  about  5  mm.  at  pressures  approach¬ 


ing  atmospheric.  By  using  vertical  tubes  of  smaller  bore,  the 
regulator  can  be  made  more  sensitive.  The  manometer  can  be 
read  to  approximately  0.1  mm.,  so  that  in  distillations  the  cor¬ 
responding  temperature  should  be  read  simultaneously  with  the 
pressure,  when  the  pressure  drifts  to  the  desired  value.  Since 
vapor-liquid  equilibria  are  insensitive  to  changes  in  pressure  as 
large  as  10  mm.,  the  control  of  the  regulator  is  sufficiently  pre¬ 
cise  for  this  work  as  well  as  for  most  vacuum  distillations. 
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Apparatus  for  Photoelectric  Titrations 

Application  to  Dark-Colored  Resins 

ROBERT  H.  OSBORN,  JOHN  H.  ELLIOTT,  and  ARTHUR  F.  MARTIN 
Hercules  Experiment  Station,  Hercules  Powder  Company,  Wilmington,  Del. 


A  photoelectric  instrument,  generally  applicable  to 
acid-base  and  oxidation-reduction  titrations  em¬ 
ploying  colored  or  fluorescent  indicators,  is  de¬ 
scribed.  It  is  especially  useful  for  titrations  which 
cannot  be  carried  out  satisfactorily  by  the  usual 
visual  or  electrometric  means.  The  application  of 
this  instrument  to  the  determination  of  acid  and 


THE  first  objective  measurement  of  the  color  change  of  an 
indicator  as  a  means  of  determining  the  end  point  of  a  titra¬ 
tion  was  made  in  1926  by  Field  and  Baas-Becking  (7),  who  ap¬ 
plied  it  to  the  starch-iodine  reaction.  These  workers  used  a  radio¬ 
micrometer  with  a  receiver  consisting  of  a  silver-bismuth  thermo¬ 
couple.  In  1928,  Muller  and  Partridge  (33)  described  a  photo¬ 
electric  apparatus  for  automatic  titrations  employing  a  single 
vacuum  phototube,  an  amplifier,  a  relay,  and  an  electromagnetic 
buret  release.  This  equipment  was  used  for  acidimetry  and 
alkalimetry,  permanganate,  dichromate,  and  iodometric  titra¬ 
tions.  Furthermore,  it  was  found  that  certain  precipitation 
reactions,  such  as  the  determination  of  chloride  ion  by  silver  ion 
in  the  presence  of  chromate  ion,  could  be  followed.  The  precision 
in  every  case  was  greater  than  that  of  visual  estimation. 

During  the  past  decade,  several  papers  have  been  published  by 
Hirano  (18-24),  Somiya  (44~47),  Kasai  (26) ,  and  their  co¬ 
workers  in  Japan  describing  the  application  of  photoelectric 
titration  to  various  quantitative  procedures.  During  the  same 
period,  Ringbom  and  Sundman  (40)  and  Muller  (29)  in  Ger¬ 
many,  del  Campo  and  co-workers  (3,  4)  and  Gonzales  (9)  in 
Spain,  and  Lur’e  and  Tal  (28)  in  Russia  have  made  contributions 
to  the  subject.  In  this  country,  Alyea  (1),  Boyer  (2),  Goodhue 
(10),  Hickman  and  Sanford  (12),  Muller  and  his  co-workers 
(80-34,  87-89),  Rowland  (41),  Russell  and  Latham  (48),  and 
Styer  (48)  have  described  improvements  in  photoelectric  titra¬ 
tion  technique. 

In  the  authors’  laboratories  electrometric  titrations  have  been 
used  in  the  past  where  visual  end  points  with  colored  indicators 
are  difficult  or  impossible  to  obtain.  However,  in  certain  cases, 
electrode  equilibrium  is  slow  and  titrations  are  time-consuming. 
For  example,  in  applications  involving  two-phase  systems,  or  in 
those  carried  out  in  certain  organic  solvent  media,  it  is  sometimes 


saponification  numbers  of  dark-colored  resins  is 
discussed  in  detail.  A  precision  of  ±1  per  cent  is 
easily  obtained. 

Preliminary  work  has  shown  that  precipitation 
reactions  and  reaction  rates  can  be  studied,  and, 
in  addition,  the  apparatus  may  be  used  as  a 
chemical  colorimeter. 


necessary  to  wait  for  10  to  20  minutes  after  each  addition  of 
titrant  before  equilibrium  is  established.  Furthermore,  in  these 
cases,  the  electrometric  end  point  is  often  not  very  sharp,  whereas 
indicator  color  changes  sometimes  remain  sharp,  although  they 
are  often  obscured  by  background  color  or  turbidity. 


(a) 


PHOTOCELL  NO. I  PHOTOCELL  N0.2 


CIRCUIT 


(i) 

Figure  1.  Schematic  Diagram  of  Photoelectric  Titration 

Apparatus 
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Figure  2.  Spectrophotometric  Curves  of  Bromophenol 
Blue  and  Selected  Glass  Filters 


o.  Bromophenol  blue  (acid  form) 

b.  Bromophenol  blue  (basic  form) 

c.  Blue  filter 

d.  Amber  filter 


In  view  of  these  facts,  the  authors  decided  to  try  the  photo¬ 
electric  method  on  those  titrations  which  could  not  be  carried 
out  satisfactorily  by  visual  or  electrometric  means. 

Description  and  Operation  of  Instrument 

Figure  1  (a)  is  a  schematic  diagram  of  a  trial  arrangement 
which  was  used  successfully  in  these  laboratories  for  several 
months.  Light  from  a  concentrated  filament  lamp  is  colli¬ 
mated  by  a  lens.  A  circular  diaphragm  limits  the  essentially 
parallel  beam  to  2.5  cm.  (1  inch)  in  diameter.  This  beam  then 
passes  through  a  cylindrical  flask  containing  the  solution  to  be 
titrated  and  impinges  on  a  glass  plate  set  at  a  45°  angle  with  the 
oeam  path.  Approximately  8  per  cent  of  the  light  passing 
;hrough  the  flask  is  reflected  to  a  barrier  layer  photocell  in  front 
if  which  is  a  colored  glass  filter.  The  remaining  92  per  cent  is 
transmitted  by  the  glass  plate  and  strikes  another  photocell  in 
Font  of  which  is  another  colored  glass  filter.  The  two  filters  differ 
n  color. 

The  photocells  are  connected  with  two  variable  resistors  and  a 
;alvanometer  in  a  Wheatstone  bridge  circuit  originally  used  by 
iVilcox  {50),  and  shown  in  Figure  1  (6).  This  scheme  was  used 
ireviously  by  one  of  the  authors  {35)  in  a  reflectometer.  Miiller 
31),  in  an  analysis  of  the  circuit,  has  derived  an  expression  for  the 
ransmission  of  a  solution  interposed  in  one  of  the  fight  paths  for 
he  case  in  which  no  optical  filters  are  employed.  In  the  present 
irrangement  in  which  an  optical  filter  of  one  color  is  used  with  one 
ihotocell,  while  a  filter  of  a  different  color  is  used  with  the  other 
ihotocell,  the  following  analysis  applies: 

Let  I  =  intensity  of  source 

Ti  =  transmission  of  sample  under  test  for  fight  corre¬ 
sponding  in  color  to  color  of  filter  in  front  of 
photocell  1 

T2  =  transmission  of  sample  under  test  for  fight  corre¬ 
sponding  in  color  to  color  of  filter  in  front  of 
photocell  2 


i\  =  current  through  resistance  R\ 
ii  =  current  through  resistance  R2 
Ei  =  potential  across  resistance  Ri 
Ei  -  potential  across  resistance  Ri 

fcj,  k2,  and  k  =  constants  depending  on  the  characteristics 
of  the  photocells,  the  spectral  transmissions  of  the 
colored  glass  filters,  and  the  fractions  of  fight 
transmitted  and  reflected  by  the  45°  glass  plate 

Since,  for  low  light  intensity  and  small  external  resistance,  the 
current  flowing  in  a  barrier  layer  photocell  circuit  is  known  to  be 
directly  proportional  to  the  intensity  of  illumination, 

ii  =  k\IT i  and  E\  —  k\IT \Ri 
2*2  =  k2ITi  and  E2  —  k2IT2R2 

At  balance  where  the  galvanometer  reads  zero, 

Ei  —  Ei  or  kJTiRi  =  k2IT2Ri 


from  which 


Ri  _  kiTi  ,  T i  / j\ 

Ri  k2T2  T2  K  ’ 

^ where  k  = 

At  the  beginning  of  a  titration,  resistor  R2  is  set  at  an  arbitrary 
value,  and  Ri  is  varied  until  balance  is  obtained.  Then  Ri  is  kept 
fixed,  and  R2  is  used  for  balancing  after  each  addition  of  titrant. 
From  Equation  1,  we  see  that  the  ratio  R2/Ri,  at  balance,  is  pro¬ 
portional  to  the  ratio  of  the  transmission  of  the  solution  for  fight 
corresponding  in  color  to  the  color  of  the  filter  in  front  of  photo¬ 
cell  1  to  the  transmission  of  the  solution  for  fight  corresponding 
in  color  to  the  color  of  the  filter  in  front  of  photocell  2.  The  filters 
are  generally  selected  so  that  one  transmits  fight  in  a  region  of 
the  spectrum  where  the  transmission  of  the  solution  with  indi¬ 
cator  does  not  change  appreciably  upon  addition  of  titrant,  while 
the  other  filter  transmits  in  that  region  of  the  spectrum  where 
the  transmission  of  the  solution  with  indicator  changes  most 
rapidly  upon  addition  of  titrant. 

It  is  immaterial  whether  the  filters  are  interchanged  in  the  two 
light  paths.  This  is  true  because  a  ratio  of  the  response  of  the 
photocell  having  maximum  sensitivity  at  the  absorption  maximum 
of  the  solution  to  the  response  of  the  photocell  having  maximum 
sensitivity  in  the  region  where  no  absorption  occurs  is  obtained 
at  each  reading.  If  the  two  filters  are  reversed,  a  reciprocal  of 
this  ratio  is  obtained.  This  makes  no  difference  for  comparative 
measurements, 

In  some  cases  indicators  go  through  their  end  points  with  a  de¬ 
crease  in  transmission  in  one  portion  of  the  spectrum  and  an  in¬ 
crease  in  another.  In  such  cases  filters  are  chosen  to  transmit  in 
these  spectral  regions  and  sensitivity  is  considerably  increased. 
An  example  of  such  a  case  is  shown  in  Figure  2  where  spectral 
transmission  curves  of  clear  aqueous  solutions  of  bromophenol 
blue  are  plotted,  a  is  a  spectral  transmission  curve  of  an  acid 
solution,  b  that  of  a  basic  solution,  while  c  and  d  are  the  trans¬ 
mission  curves  of  the  two  filters  which  are  used  in  the  photo¬ 
electric  photometer  for  titrations  with  this  indicator. 

After  the  feasibility  of  the  photoelectric  method  had  been 
demonstrated,  an  attempt  was  made  to  design  an  apparatus 
based  on  the  same  principles  as  that  shown  in  Figure  1,  but 
capable  of  being  easily  manipulated  by  the  average  technician, 
and  rugged  enough  to  withstand  hard  daily  use.  Figures  3  and 
4  show  front  and  rear  views  of  the  instrument  which  was  finally 
constructed.  Figure  5  is  a  circuit  diagram  of  this  instrument. 

It  will  be  observed  that  a  third  photocell  is  provided.  It  is 
mounted  on  the  back  of  the  sample  compartment  with  its  axis 
at  right  angles  to  the  direction  of  the  beam.  When  in  use,  it  is 
connected  in  the  bridge  circuit  with  one  of  the  photocells  which 
receives  the  beam  transmitted  by  the  sample.  In  this  manner, 
titrations  may  be  carried  out  in  which  the  end  point  is  indicated 
by  the  formation  or  disappearance  of  a  precipitate,  or  by  means 
of  a  fluorescent  indicator.  The  effect  on  the  photocell  due  to 
fight  scattering  is  enhanced  by  painting  the  interior  of  the  sam¬ 
ple  compartment  white.  An  increase  of  turbidity  or  fluorescence 
of  the  solution  results  in  an  increase  in  the  response  of  the  cell, 
while  the  response  of  the  cell  which  receives  the  transmitted 
beam  decreases.  Since  a  quantity  proportional  to  the  ratio  of 
the  two  responses  is  measured,  great  sensitivity  is  obtained. 
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These  have  included  the  use 
of  a  dry  external  indicator  {11), 
the  use  of  mixed  indicators  (6), 
and  titration  of  dilute  solutions 
Figure  3.  Photoelectric  Titration  Apparatus  in  a  thin  cell  {27).  Coburn  {5) 


1.  Lamp  rheostat 

2.  Storage  battery  binding  posts 

3.  A.C.-D.C.  switch 

4.  Step-down  transformer,  115-6.3  volts 

5.  Fluorescence  or  turbidity  photocell 
23.  Extra  filters 


Furthermore,  the  readings  are  practically  independent  of  small 
color  changes.  A  switching  arrangement,  shown  in  Figure  5, 
permits  the  interchanging  of  the  three  photocells  in  the  circuit. 

The  power  supply  to  the  lamp  of  the  photometer  may  be  either 
direct  current  from  a  storage  battery  or  alternating  current  from 


employed  a  two-phase  system 
where  the  end  point  was  de¬ 
tected  in  the  clear  aqueous 
phase.  Smith  {43)  and 
Tingle  {49)  used  a  hand  spec¬ 
troscope  to  detect  the  appear¬ 
ance  of  the  absorption  band 
of  phenolphthalein  at  the  end 
point.  Pall  {36)  suggested  a  color-matching  scheme  employing  a 
visual  comparator,  while  Fratis  and  Condit  {8)  designed  an 
Erlenmeyer  flask  with  a  side  tube  of  small  diameter  through  which 
the  indicator  change  at  the  end  point  was  more  readily  observed. 
None  of  the  foregoing  methods  has  been  entirely  satisfactory. 


the  115-volt  line  stabilized  by 
a  voltage  regulator  and  stepped 
down  to  6  volts. 

Model  F-2  Electrocell  barrier 
layer  photocells  in  stainless 
steel  hermetically  sealed  cases 
with  glass  windows  are  used. 
This  type  of  construction  pro¬ 
tects  the  photocell  element 
from  deterioration  due  to  cor¬ 
roding  fumes. 


Application  to  Dark- 
Colored  Resins 

The  visual  detection  of  the 
end  point  in  the  titration  of 
dark-colored  solutions  by  the 
usual  indicator  methods  is,  in 
most  cases,  uncertain.  A 
number  of  attempts  to  over¬ 
come  this  uncertainty  have 
been  made. 


The  apparatus  described  above  was  applied 
in  this  laboratory  to  the  titration  of  dark- 
colored  rosins  and  Belro  and  Vinsol  resins. 

Preliminary  experiments  indicated  that  0. 1  to 
0.2  per  cent  alcoholic  solutions  of  the  various 
grades  of  resin  which  were  studied  were  satis¬ 
factory.  Since  the  color  of  such  solutions  is 


Figure  4.  Photoelectric  Titration 
Apparatus 

6.  Galvanometer  lampcord 

7.  Lamp  housing 

8.  Lens  housing 

9.  Sample  compartment 

10.  Clamp 

11.  Sample  flask 

12.  Main  compartment 

13.  Filter  holder  (reflected  beam) 

14.  Filter  holder  (direct  beam) 

15.  Dial  resistors  (Rubicon  type  B) 

16.  Rheostat  for  coarse  adjustment  (General  Radio 

type  214A,  1000  ohm) 

17.  Rheostat  for  fine  adjustment  (General  Radio  type 

214A,  100  ohm) 

18.  Switches  for  interchanging  photocells 

19.  Locking  push  button  switch  .(galvanometer 

circuit) 

20.  Galvanometer  (Rubicon  3402H) 

21.  Binding  posts  for  galvanometer  leads 

22.  Galvanometer  leads 

23.  Microburet 

24.  Stirrer 
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orange,  experiments  showed  that  phenolphthalein  with  a  color 
change  of  colorless  to  red  was  not  a  suitable  indicator.  Thymol 
blue  with  a  change  of  yellow  to  blue  was  found  to  be  very  satis¬ 
factory.  This  indicator  was  suggested  in  1920  by  Holde  {25)  for 
use  in  the  titration  of  dark  oils  and  soaps.  The  following  is  a  de¬ 
tailed  description  of  the  method  that  was  developed  for  acid 
number  determinations. 


/ 


of  alkaline  thymol  blue.  The  blue  filter  is  a  1-mm.  thickness  of 
Corning  No.  511. 

Since  the  color  change  at  the  end  point  is  from  yellow  to  blue, 
the  relative  current  in  the  arm  of  the  bridge  containing  the  amber 
filtered  photocell  will  decrease,  necessitating  insertion  of  greater 
resistance  for  balance.  Therefore,  the  instrument  is  balanced  with 
a  low  resistance — e.  g.,  40  ohms — in  the  amber  filtered  photocell 
arm  by  adjustment  of  the  resistance  in  the  blue  filtered  arm. 
This  latter  resistance  is  not  changed  during  the  course  of  the 
titration.  Tenth  normal  alcoholic  potassium  hydroxide  is  then 
added  in  small  increments  from  a  10-ml.  microburet.  After  each 
addition  of  titrant  the  resistance  in  the  amber  filtered  photocell 
arm  necessary  for  balance  is  recorded.  In  the  neighborhood  of 
the  end  point,  the  increments  of  titrant  are  made  smaller.  The 
titration  is  continued  until  a  very  marked  change  in  color  is  ob¬ 
served. 

The  logarithm  of  the  resistance  in  the  amber  filtered  photocell 
arm  is  then  plotted  against  the  volume  of  titrant.  A  curve  con¬ 
sisting  of  two  branches  at  nearly  right  angles  to  each  other  is  ob¬ 
tained  which  may  be  extrapolated,  as  in  a  conductimetric  titra¬ 
tion,  to  give  an  end  point.  A  typical  curve,  together  with  a 
blank  on  the  solvent,  is  shown  in  Figure  7.  Two  points  should  be 
emphasized:  (1)  It  is  necessary  to  run  a  blank  on  the  alcohol. 
(2)  A  relatively  large  volume  of  indicator  must  be  used  in  order 
to  get  a  sufficient  number  of  points  for  accurate  plotting  on  the 
vertical  portion  of  the  curve. 

Saponification  numbers  were  run  on  several  resins  using 
0.1500-gram  samples  and  10  ml.  of  0.1  N  alcoholic  potassium 
hydroxide.  The  back-titration  was  made  with  0.1  N  alcoholic 
hydrochloric  acid.  The  end  points  were  as  sharp  as  in  the  case  of 
acid  number  determinations,  but  difficulties  were  found  due  to 
reaction  of  the  alkali  with  the  glass  flasks  used  for  saponification, 
and  due  to  the  readiness  with  which  atmospheric  carbon  dioxide 
dissolves  in  the  alcohol  used  for  washing  and  transferring.  These 
difficulties  were  overcome  by  saponifying  in  a  silver  flask,  using 
neutral  alcohol  for  transferring  and  diluting,  and  conducting  the 
titration  with  the  solution  blanketed  under  nitrogen.  Table  I 
gives  the  results  obtained  for  acid  numbers  and  saponification 
numbers  on  samples  which  had  been  analyzed  previously  by 
electrometric  titration. 

The  starred  values  in  Table  I  were  obtained  by  titrating  the 
samples  with  alcoholic  hydrochloric  acid  to  the  thymol  blue  end 


Figure  6.  Titration  Cells 

A.  For  solutions  of  moderate  color  or  turbidity 

B.  For  extremely  dark  or  turbid  solutions 


Approximately  0.5  to  1.0  gram  of  the  resin  was  accurately 
weighed  out,  dissolved  in  95  per  cent  alcohol,  and  made  up  to  500 
ml.  in  a  volumetric  flask.  Aliquots  of  150  ml.  were  then  pipetted 
into“a  titration  cell,  6  drops  of  1  per  cent  aqueous  thymol  blue 
were  added,  the  light  was  turned  on,  and  the  stirrer  was  started. 
Figure  6  shows  the  two  types  of  titration  cells  used,  A  for  solu¬ 
tions  of  moderate  color  and  B  for  extremely  dark  or  turbid  solu¬ 
tions.  When  thymol  blue  is  used  as  the  indicator  the  filters  are 
amber  and  blue,  the  amber  being  made  up  of  Coming  filters  Nos. 
330  (4.4  mm.  thick)  and  397  (2.8  mm.  thick).  These  thicknesses 
are  such  that  the  maximum  of  the  transmission  of  the  combina¬ 
tion  occurs  at  605  millimicrons  for  the  particular  melts  of  glass 
supplied.  This  coincides  with  the  peak  of  the  absorption  band 
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Table  I.  Acid  and  Saponification  Numbers 


Sample 

Acid  No.  by 
Photoelectric 
Photometer 

Acid  No.  by 
Electrometric 
Titration 

N  wood  rosin 

163.8,  163.8,  164.7 

165.0 

K  gum  rosin 

163.8,  165.0 

162.9 

D  gum  rosin 

159.2,  159.8 

159.8 

Belro  No.  1 

112.7,  111.7 

110.8 

Belro  No.  2 

115.2,  113.7 

114.0 

Vinsol  No.  1 

89.2,  90.6,  87.9 

88.3 

Vinsol  No.  2 

89.4,  90.2 

89.4 

Vinsol  No.  3 

86.8,  85.8,  88.7 

88.0 

Vinsol  No.  4 

88.3,  90.7 

89.8 

Dehydroabietic  acid 

186.0,  186.0 

186.0  (theory  186.9) 

N  wood  rosin 

Saponification  No. 
173.2,  173.8 

172.1,  172.9 

N  wood  rosin* 

173.5,  174.5 

172.1,  172.9 

Belro  No.  1 

144.7,  145.7 

139.0,  142.5 

Belro  No.  1* 

140.0,  141.8 

139.0,  142.5 

Vineol  No.  1* 

136.5,  137.2 

135.0 

point,  adding  bromophenol  blue,  and,  after  resetting  the  instru¬ 
ment,  titrating  to  the  bromophenol  blue  end  point.  The  differ¬ 
ence  between  these  end  points  minus  the  corresponding  difference 
for  a  blank  gives  a  direct  measure  of  the  saponification  value, 
since  the  thymol  blue  end  point  corresponds  to  the  neutralization 
of  the  excess  alkali  and  the  bromophenol  blue  end  point  to  the  neu¬ 
tralization  of  the  soap.  The  authors  have  found  that  saponifica- 
tions  can  be  made  in  glass  flasks  when  this  technique  is  used,  and 
that  the  effect  of  atmospheric  carbon  dioxide  is  lessened.  Such 
titrations,  however,  should  be  made  under  nitrogen. 

Examination  of  data  in  Table  I  shows  that  the  agreement  be¬ 
tween  the  two  methods  is  good  for  a  wide  range  of  materials  and 
that  checks  by  the  colorimetric  method  generally  agree  within 
±1  per  cent. 

This  method  has  been  applied  to  research  samples  of  very  dark 
materials  which  were  not  entirely  soluble  in  the  solvents  used. 
Despite  the  resulting  turbidity  and  dark  background  color,  the 
end  point  was  sharp. 

It  is  felt  that  this  method  is  of  use  in  the  titration  of  dark- 
colored  resins  for  the  following  reasons: 

The  end  point  may  be  determined  with  considerable  certainty. 

It  is  rapid,  only  15  minutes  being  required  for  a  titration  and 
calculation. 

It  is  simple  and  easily  handled  by  a  technician. 

Small  samples  are  used,  0.5  gram  being  sufficient  for  triplicate 
determinations.  This  makes  it  of  considerable  interest  for  re¬ 
search  samples. 

Other  Applications 

The  foregoing  technique  can  be  applied  profitably  to  a  number 
of  different  types  of  reactions,  and  such  work  is  now  in  progress 
in  this  laboratory.  As  in  all  titrations,  it  is  necessary  to  pick  an 
indicator  that  corresponds  to  the  end  point  desired.  It  is  ex¬ 
tremely  important  to  choose  the  proper  filters,  taking  into  con¬ 
sideration  the  spectral  transmission  curves  of  the  indicator  used, 
as  well  as  that  of  the  solution. 

In  general,  this  photometer  appears  to  be  adapted  to  all  types 
of  acid-base  and  oxidation-reduction  titrations  using  colored  or 
fluorescent  indicators.  Preliminary  experiments  indicate  that  it 
is  also  useful  in  studies  of  reaction  rates  involving  changes  of 
color,  and  in  studies  of  precipitation  reactions,  including  tur¬ 
bidity  measurements  as  well  as  the  determination  of  end  points. 
By  employing  precision  optical  cells,  the  apparatus  may  be  used 
as  a  sensitive  chemical  colorimeter. 

Summary 

A  photoelectric  photometer  has  been  used  for  titrations  which 
cannot  be  carried  out  satisfactorily  by  the  usual  visual  or  electro¬ 
metric  means.  The  apparatus  ordinarily  employs  two  barrier 
layer  photocells  in  a  balanced  Wheatstone  bridge  circuit.  In 
front  of  each  photocell  is  a  filter,  one  of  which  has  a  maximum 
transmission  in  the  spectral  region  where  the  absorption  band  of 


the  selected  indicator  develops,  while  the  other  has  its  maximum 
transmission  in  the  spectral  region  where  little  or  no  change  takes 
place  in  the  indicator  absorption. 

The  instrument  has  been  applied  successfully  to  the  hitherto 
difficult  determination  of  acid  and  saponification  numbers  of 
dark-colored  resins.  Graphically  determined  end  points  are  very 
sharp  and  can  be  obtained  in  approximately  15  minutes  with  pre¬ 
cisions  of  ±  1  per  cent. 

The  photometer  is  applicable  to  all  types  of  titrations  in  which 
a  colored  or  fluorescent  indicator  can  be  used.  Precipitation 
reactions  and  reaction  rates  involving  changes  in  solution  color  or 
turbidity  can  be  studied.  The  apparatus  may  also  be  employed 
as  a  chemical  colorimeter. 
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An  Improved  Automatic  Gas  Effusiometer 

LEONARD  C.  DRAKE,  Socony-Vacuum  Oil  Company,  Inc.,  Paulsboro,  N.  J. 


THE  effusion  method  for  the  determination  of  the  specific 
gravity  of  gases  is  widely  used  where  great  accuracy  is  not 
required,  and  is  particularly  adaptable  to  routine  and  control 
work.  The  method  is  based  on  the  observation  that  the  square 
of  the  time  required  for  equal  volumes  of  two  gases  under  the 
same  pressure  gradient  to  pass  through  the  same  orifice  is  pro¬ 
portional  (approximately)  to  their  specific  gravities.  Thus,  the 
specific  gravity  of  any  gas  (compared  with  air  as  1)  is  conven¬ 
iently  obtained  by  means  of  the  following  equation: 


Specific  gravity  of  gas 


/time  for  gas  to  escape  \ 2 
\time  for  air  to  escape / 


The  most  widely  used  effusiometer  is  that  designed  by  Schilling, 
in  which  a  constant  volume  of  gas  or  air  confined  over  water  in  a 
glass  tube  is  forced  through  a  small,  thin,  standardized  platinum 
orifice  by  the  water  seeking  its  level.  The  time  for  the  water 
level  to  pass  two  marks  on  the  tube  is  measured  with  a  stop  clock. 
Mitchell  (3)  among  others  has  discussed  the  limitations  and  uses 
of  this  method. 


AIR  OR  GA* 


Feskov  (I)  has  described  an  automatic  effusiometer  in  which  he 
used  mercury  instead  of  water  as  the  displacing  medium  and 
eliminated  the  visual  observation  of  the  moving  mercury  surface 
by  employing  a  series-parallel  electric  circuit  to  start  and  stop  an 
electric  stop  clock.  His  method  eliminated  the  possibility  of 
moisture  condensing  on  the  edge  of  the  orifice,  but  it  cannot  be 
used  with  gases  containing  hydrogen  sulfide.  This  limitation  is 
very  serious  with  most  petroleum  gases  and  led  to  the  develop¬ 
ment  of  the  apparatus  described  herein. 


Improved  Apparatus 

This  improved  apparatus  employs  salt  solution  as  the  confining 
liquid  and  is  thus  particularly  adapted  to  gases  that  are  normally 
stored  over  brine.  High-priority  mercury  is  not  required. 

The  apparatus  consists  of  four  parts:  (1)  a  water- jacketed 
bulbed  U-tube  with  a  three-way  stopcock  closing  one  end,  (2) 
standard  orifice,  (3)  electric  stop  clock,  and  (4)  electricr  esistorsand 
connectors  (see  diagram).  The  glass  U-tube  has  three  platinum 
wire  contacts  fused  into  the  open  end  arm  of  the  tube.  These 
are  made  of  2.5-cm.  (1-inch)  lengths  of  20  B.  &  S.  gage  wire 
sealed  directly  into  the  glass.  If  the  U-tube  is  made  of  Pyrex 
these  seals  are  not  gas-tight  but  are  made  water-  or  brine-tight 
by  applying  a  thin  coat  of  waterproof  cement. 

The  standard  orifice  (obtained  from  The  American  Meter 
Co.,  Philadelphia,  Penna.)  may  be  either  cemented  to  3.75-cm. 
(1.5-inch)  length  of  2-mm.  capillary  tpbing  ground  flat  on  fine 
emery  cloth,  or  it  may  be  obtained  already  mounted  in  a  metal 


holder.  The  capillary  tube  or  metal  holder  is  joined  to  one  arm 
of  the  capillary  stopcock  with  rubber  tubing.  The  orifice  may 
be  protected  from  the  adverse  effects  of  drafts  by  the  modi¬ 
fication  suggested  by  Mitchell  (3).  The  electric  stop  clock  is 
a  4-watt,  magnetic  starter  type  manufactured  by  the  Standard 
Electric  Time  Co.,  Springfield,  Mass.  -The  electric  circuit  is 
the  series-parallel  one  used  by  Feskov,  but  because  the  salt 
solution  between  A  and  B  acts  as  a  resistor,  only  one  1000-ohm 
external  resistor  is  needed.  This  1000-ohm  resistor  may  be  the 
wire-wound,  vitreous  porcelain  enamel  type  commonly  used  in 
modern  radios  and  obtainable  from  radio  repairmen.  Some 
clocks  may  require  an  additional  resistor,  which  should  be 
placed  between  A  and  X. 

The  glass  U-tube  is  filled  with  a  salt  solution  to  a  level  slightly 
below  the  contact,  B,  and  the  whole  apparatus  is  lowered  into 
a  water  bath,  so  that  the  external  water  level  is  slightly  below  the 
stopcock.  The  liquid  in  the  U-tube  may  be  either  saturated  sodium 
chloride  solution  or  the  acidified  sodium  sulfate  solution  suggested 
by  Kobe  and  Kenton  (3).  This  solution  works  particularly  well 
and  is  prepared  by  adding  40  ml.  of  concentrated  (36  N )  sulfuric 
acid  to  200  grams  of  anhydrous  sodium  sulfate  dissolved  in  800 
grams  of  distilled  water.  Air  or  gas  is  introduced  until  all  three 
platinum  contacts  are  covered  with  brine.  Because  of  the  drain 
of  current  through  A-X,  there  is  not  enough  current  available 
to  allow  the  stop  clock  to  run.  The  stop  clock  is  then  set  to  0 
and  the  stopcock  turned  to  allow  the  air  or  gas  to  escape  through 
the  orifice.  When  the  brine  level  falls  below  A  the  stop  clock 
starts  and  when  it  passes  B  it  stops  because  the  circuit  is  broken. 
For  best  results  the  salt  solution  must  drain  freely  from  the  walls 
of  the  tube.  When  the  apparatus  is  first  used,  gas  bubbles 
will  appear  on  the  platinum  wires,  but  these  will  diminish  until 
they  practically  disappear. 

Several  determinations  are  required  to  dilute  and  flush  out 
the  gas  in  the  capillary  tubing.  When  this  is  done,  the  time  for 
the  salt  solution  to  pass  from  A  to  B  is  reproducible  within  0.1 
second,  which  allows  specific  gravities  to  be  calculated  to  the 
third  decimal  place  (I).  Corrections  for  water  vapor  in  the 
gas  may  be  made  (3). 


Other  Uses 

The  apparatus  as  described  may  be  modified  in  a  number  of 
ways.  The  A  contact  may  be  made  movable  by  supporting  it 
with  a  slotted  stopper.  This  allows  a  wide  variation  in  the 
volume  of  gas  forced  through  the  orifice  and  a  corresponding  wide 
time  range.  By  removing  the  orifice  and  attaching  a  rubber  tube 
to  the  capillary  tube  it  is  possible  to  use  the  apparatus  as  a  timing 
mechanism  for  other  equipment;  such  a  connection  with  a  capil¬ 
lary  viscometer  tube  will  allow  the  operator  to  carry  on  other 
duties  while  the  time  is  automatically  recorded.  The  time  of 
filling  or  emptying  tanks  can  also  be  conveniently  determined. 
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Determination  of  Boiling  Points 
of  Pure  Organic  Liquids 

A  Micromethod  for  Use  with  Reduced  Pressures 


CELSO  R.  GARCIA,  Biochemical  Laboratories,  Long  Island  College  of  Medicine,  Brooklyn,  N.  Y. 


AMONG  the  methods  available  for  determining  the  boiling 
point  of  a  pure  organic  liquid,  Emich’s  method  (2,  3,  5)  is 
the  most  desirable  in  that  it  requires  only  2  to  3  cu.  mm.  of  ma¬ 
terial,  but  it  can  be  used  only  at  the  pressure  existing  in  the  labora¬ 
tory.  Methods  for  determining  the  boiling  point  of  an  organic 
liquid  under  reduced  pressures  have  been  described  by  Smith 
and  Menzies  (7)  and  by  Rosenblum  ( 6 ),  but  both  methods  require 
the  use  of  at  least  50  to  100  cu.  mm.  of  fluid.  The  author  has 
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observed  that  in  organic  qualitative  analysis,  an  analyst  working 
with  small  quantities  prefers  to  use  as  little  as  possible  in  the  de¬ 
termination  of  his  physical  constants,  so  as  to  have  more  ma¬ 
terial  available  for  the  preparation  of  derivatives.  With  this  in 
mind,  the  author  considered  the  possibility  of  adapting  Emich’s 
method  for  use  under  reduced  pressures,  and  found  that  it  could 
be  adapted  by  use  of  a  boiling  point  tube  such  as  that  shown  in 
Figure  1,  and  using  2  to  5  cu.  mm.  of  a  pure  organic  liquid. 

Procedure 

A  boiling  point  tube  of  the  dimensions  shown  in  Figure  1  is  pre¬ 
pared  from  5-  or  7-mm.  bore  glass  tubing  simply  by  drawing  out 
the  tube  into  a  capillary  of  1-mm.  bore  and  sealing  the  capillary 
at  the  end.  Two  to  5  cu.  mm.  of  fluid  are  placed  at  the  opening 
of  the  capillary  of  the  boiling  point  tube  by  means  of  a  capillary. 
The  droplet  of  material  is  forced  down  to  the  bottom  of  the 
capillary  tube  by  centrifuging.  The  boiling  point  tube  is  then 
connected  to  suction  and  the  pressure  is  lowered  to  the  desired 
value  and  determined  by  means  of  a  manometer.  At  this  point, 
the  boiling  point  tube  is  inserted  into  the  liquid  bath  (sulfuric 
acid  was  used  by  the  author)  in  a  Thiele  melting  point  tube  ar¬ 
rangement,  as  shown  in  Figure  2,  and  submerged  25  to  30  mm. 
below  the  surface  of  the  liquid.  The  thermometer  bulb 
should  be  placed  as  near  the  capillary  as  possible  and  just  below 
the  surface  of  the  bath,  but  the  bath  liquid  should  cover  the  entire 


Table  I.  Boiling  Points  of  Organic  Liquids 


Material 

Hg 

Boiling 

Point 

Values  in 
Literature  (1. 

Mm. 

°  C. 

°  C 

Amyl  acetate 

20 

46.6 

47 

Butyl  Carbitol 

24 

125.9 

126 

Decalin“ 

22.5 

81.8 

81.5 

24 

84 

84 

Hexalin11 

21.5 

72.8 

73 

24 

75 

75 

Terpineol'1 

22.5 

110 

(110)  114b 

36 

120.3 

(120)  125b 

Tetralin0 

22.5 

97 

97 

°  Courtesy  of  E.  I.  du  Pont  de  Nemours  &  Co. ,  Ine. 

6  The  author’s  attention  was  attracted  by  the  discrepancy  between  the 
results  obtained  and  those  given  by  Gardner  and  Brewer  (4)  in  their  graph 
of  VP  vs.  T,  drawn  on  logarithmic  graph  paper.  Since  this  was  the  only 
case  where  such  a  discrepancy  occurred,  a  close  investigation  of  the  graphs 
was  made.  The  straight  line  of  the  curve  did  not  go  through  three  of  the  ex¬ 
perimental  values  but  when  a  straight  line  was  drawn  through  all  points,  the 
values  given  above  in  parentheses  were  obtained. 


bulb.  The  bath  is  slowly  heated;  within  close  range  of  the  boil¬ 
ing  point  condensation  of  material  takes  place  in  the  cooler  part 
of  the  capillary  above  the  liquid  level  of  the  bath.  When  this 
occurs,  the  bath  is  heated  very  cautiously  until  a  droplet  which 
completely  fills  the  cross  section  of  the  capillary  tube  starts  to 
form  (A,  Figure  2).  If  the  bath  is  heated  too  rapidly  or  heated 
too  far  above  the  boiling  point  of  the  liquid  in  the  capillary  tube, 
more  than  one  droplet  will  probably  form,  and  an  incorrect  re¬ 
sult  will  be  given.  If  this  happens,  the  boiling  point  capillary 
tube  should  be  removed  and  recentrifuged  to  bring  all  the  fluid 
to  the  bottom  of  the  capillary  tube  and  the  rest  of  the  procedure 
repeated,  heating  the  bath  with  more  caution.  Now  the  bath  is 
allowed  to  cool  slowly.  The  droplet  will  descend  with  the  cooling 
of  the  bath  and  the  boiling  point  is  recorded  as  that  temperature 
at  which  the  droplet  reaches  and  starts  to  descend  below  the  level 
of  the  liquid  in  the  bath. 


Table  II.  Boiling  Points  of  Organic  Liquids 


Boiling  Point  at 

Values  in 

Material 

760  Mm.  of  Hg 

Literature 

0  C. 

°  C. 

Aniline 

184.4 

184.4 

Benzene 

80.0 

80.1 

Decalin 

193.0 

193.3 

Hexalin 

161.0 

161.0 

Tetralin 

206 

206-207 . 5 

Discussion 

The  values  obtained  for  the  boiling  points  of  several  organic 
liquids  were  checked  several  times  by  the  method  described  above 
and  compared  with  those  given  in  the  literature.  Typical  results 
are  tabulated  in  Table  I. 

The  striking  difference  between 
the  above  procedure  and  that  of 
Emich  is  that  no  air  bubble  is  left  at 
the  bottom  of  the  capillary  below 
the  sample;  the  space  which  exists 
below  the  condensed  droplet  is 
completely  filled  with  the  vapors  of 
the  pure  organic  liquid.  Theoreti- 
JH  H  I,  cally  this  gives  a  more  accurate  re- 

:  :  I  lation  between  changes  in  pressure 

_ !  J  j  of  the  pure  vapors  and  correspond- 

;  |  ing  changes  in  temperature,  such 

\  /  as  occur  when  the  droplet  descends 

as  the  temperature  of  the  bath  is 
lowered.  Since  the  boiling  point  is 
related  to  these 
effects  and 
Emich’s  method 
does  not  have 
pure  vapors  below 
the  droplet,  it 
might  be  ad¬ 
visable  to  follow 
this  procedure 
even  in  the 
determination  of 
the  boiling 
Figure  2  point  at  ordinary 
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conditions.  Determinations  by  the  above  method  at  normal 
atmospheric  conditions  are  reported  in  Table  II. 

Conclusions 

The  boiling  point  of  a  pure  organic  liquid  using  but  2  to  5  cu. 
mm.  of  material  can  be  obtained  by  use  of  the  above  procedure 
at  both  reduced  and  normal  pressures.  The  melting  point  of 
crystals  can  conveniently  be  determined  by  this  method;  by  con¬ 
tinuing  to  apply  heat  and  at  the  pressure  desired,  the  purity  may 
be  verified  by  determination  of  the  boiling  point. 
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A  Dithizone  Method  for  the  Rapid 
Determination  of  Copper 

G.  H.  BENDIX  AND  DORIS  GRABENSTETTER 
Research  Department,  Continental  Can  Company,  Inc.,  Chicago,  Ill. 


A  method  is  described  for  the  rapid  colorimetric 
estimation  of  copper  with  dithizone.  Interference 
from  all  metallic  ions  except  platinum,  palladium, 
gold,  silver,  mercury,  bismuth,  and  stannous  tin  is 
eliminated  by  extracting  the  copper  as  the  dithi- 
zonate  complex  from  an  aqueous  solution  at  pH 
2.3.  The  reaction  products  of  silver,  gold,  mercury, 
bismuth,  and  stannous  tin  with  dithizone  are 
destroyed  by  shaking  the  extract  with  acidic 
potassium  iodide  solution.  Recoveries  of  better 
than  =*=0.3  microgram  were  obtained. 

ESTIMATING  the  copper  content  of  canned  foods,  tin  plate, 
and  solders  requires  a  method  capable  of  detecting  quanti¬ 
ties  of  copper  as  low  as  a  few  micrograms,  yet  the  determinations 
must  not  be  subject  to  interference  by  many  times  that  quantity 
of  other  metallic  ions.  Various  procedures  have  been  recom¬ 
mended  for  each  of  these  products,  but  no  single  method  is  well 
suited  for  all  of  them.  Because  no  provision  is  made  for  the 
separation  of  copper  from  interfering  metals  in  the  colorimetric 
extraction  methods  of  Fischer  and  Leopoldi  ( 6 )  and  Liebhafsky 
and  Winslow  ( 9 )  with  dithizone,  they  are  unsuitable  in  general 
for  the  analyses  of  the  above-mentioned  products.  Likewise, 
the  titrimetric  extraction  of  copper  with  dithizone,  a  procedure 
described  by  Assaf  and  Hollibaugh  (7),  cannot  be  employed. 

For  a  similar  reason  the  use  of  organic  reagents  other  than 
dithizone  in  procedures  hitherto  published  is  unsatisfactory. 
Nickel,  cobalt,  and  bismuth  interfere  with  the  determination  by 
means  of  sodium  diethyldithiocarbamate,  and  with  the  recently 
published  determination  by  Benzo  Fast  Yellow  {12).  The  Biazzo 
method  ( 2 )  cannot  be  used  in  presence  of  relatively  large  amounts 
of  iron,  and  determinations  by  this  method  and  the  carbamate 
method  are  frequently  complicated  by  the  precipitation  of  phos¬ 
phates  from  which  copper  cannot  be  quantitatively  recovered. 

Preliminary  separations  of  copper  from  interfering  metals 
by  precipitation  as  the  sulfide  or  by  electrolysis  are  slow,  and,  in 
the  former  case,  incomplete  (4). 

Several  methods  {11, 13)  have  been  described  in  which  copper 
is  separated  from  nickel  and  cobalt  and  from  part  of  the  bismuth 
by  a  quantitative  extraction  of  the  copper  from  acid  solution  with 


a  carbon  tetrachloride  or  chloroform  solution  of  dithizone.  At 
the  same  time,  some  of  the  bismuth  null  form  the  dithizonate  com¬ 
plex  and  be  extracted  along  with  the  copper  dithizonate.  The 
dithizonate  complexes  are  destroyed  by  ashing  and  copper  is 
determined  colorimetrically  with  sodium  diethyldithiocarbamate ; 
bismuth,  if  present,  contributes  to  the  color  and  is  estimated  as 
copper. 

Greenleaf  (7)  eliminated  interference  from  bismuth  by  ex¬ 
tracting  the  solution  containing  copper  and  bismuth  dithizonates 
with  acidified  potassium  iodide  solution,  removing  bismuth  as  the 
iodide  complex.  The  remainder  of  his  procedure  involves  the 
oxidation  of  the  copper  dithizonate  with  bromine  in  5  per  cent 
sulfuric  acid,  and  the  extraction  of  the  copper  from  the  carbon 
tetrachloride  layer  to  the  aqueous  layer.  The  aqueous  solution 
is  next  digested  with  nitric  and  perchloric  acids.  Copper  is 
determined  on  the  resulting  solution  by  the  carbamate  method. 

From  aqueous  solutions  having  a  pH  value  less  than  3,  gold, 
platinum,  palladium,  silver,  mercury,  bismuth,  stannous  tin, 
and  copper  are  extracted  by  solutions  of  dithizone  in  chloroform  or 
carbon  tetrachloride;  other  metals  do  not  react  with  dithizone  at 
this  pH  ( 5 ).  The  first  three  metals  mentioned  may  be  left  out  of 
consideration  because  of  their  rarity,  and  only  silver,  mercury, 
bismuth,  and  stannous  tin  treated  as  possible  interferences. 
Fischer  and  Leopoldi  recommended  the  addition  of  potassium 
iodide  solution  to  the  weakly  acidic  aqueous  solution  containing 
copper  and  mercury  with  the  formation  of  the  complex  ion 
(HgL) —  as  a  means  of  eliminating  interference  by  mercury. 
However,  it  was  found  in  this  laboratory  that  the  amount  of 
potassium  iodide  recommended  by  Fischer  was  inadequate  to 
shield  the  mercury  from  reaction  with  dithizone.  When  larger 
quantities  were  used,  the  dithizone  was  oxidized  by  the  iodine 
released  in  the  acidic  solution. 

On  the  other  hand,  as  the  data  below  show,  copper  may  be 
extracted  by  means  of  dithizone  solution  along  with  the  other 
metals  which  react  at  a  pH  of  2.3,  and  then  separated  from  these 
metals  by  shaking  the  extract  with  2  per  cent  potassium  iodide 
solution  acidified  wfith  hydrochloric  acid  and  decolorized  with 
sodium  thiosulfate.  The  copper  remains  in  the  carbon  tetra¬ 
chloride  layer  as  the  dithizonate,  while  the  other  metals  are  ex¬ 
tracted  as  iodide  complexes.  The  thiosulfate  present  in  the 
iodide  solution  prevents  oxidation  of  the  dithizone  by  free  iodine. 
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Experimental 

Determination  of  Shaking  Time.  Since  copper  reacts  with 
dithizone  at  a  rate  visibly  slower  than  that  of  lead,  data  were 
accumulated  showing  the  relationship  between  the  time  of  shak¬ 
ing  the  aqueous  solution  of  copper  ions  with  dithizone  solution  and 
the  transmittancy  of  the  solution  of  copper  dithizonate.  The 
points  on  the  curves  in  Figure  1  were  obtained  by  adding  10  ml. 
of  the  dithizone  solution  to  a  150-ml.  separatory  funnel  contain¬ 
ing  7  micrograms  of  copper  in  25  ml.  of  10  per  cent  sulfuric  acid, 
adjusting  the  pH  to  the  desired  value,  shaking  for  a  given  time, 
and  then  removing  excess  dithizone  from  the  carbon  tetrachloride 
layer  with  25  ml.  of  1  to  100  ammonium  hydroxide  solution.  A 
blank  of  25  ml.  of  10  per  cent  sulfuric  acid  was  run  along  with  each 
sample.  The  transmittancy  of  the  copper  dithizonate  solution 
was  determined  at  520  millimicrons,  setting  the  reading  of  the 
blank  in  the  spectrophotometer  at  100  per  cent  transmission. 


Figure  1.  Extraction  of  Copper  at  Various 
pH  Values 


Figure  1  show's  that  at  a  pH  of  2.3  it  requires  at  least  6  minutes 
of  vigorous  shaking  (275  cycles  per  minute)  to  obtain  equilibrium 
between  the  copper  in  aqueous  solution  and  the  copper  dithizo¬ 
nate  in  carbon  tetrachloride  solution  when  7  micrograms  of  copper 
were  originally  in  the  aqueous  solution;  and  that  equilibrium  is 
attained  more  rapidly  at  pH  4.15  than  at  the  lower  values.  How¬ 
ever,  in  practice  it  is  advantageous  to  work  at  a  pH  between 
2  and  3  in  order  to  avoid  extracting  metals  which  interfere  with 
the  copper  determination.  Increasing  the  strength  of  the  dithi¬ 
zone  or  making  two  extractions  and  combining  the  extracts  would 
be  expected  to  decrease  the  shaking  time. 

Recovery  of  Copper  from  Solutions  Containing  Other 
Metals.  The  desired  volumes  of  a  standard  solution  of  copper 
and  another  metal  whose  effect  as  an  interference  was  to  be 
tested  were  run  into  a  150-ml.  separatory  funnel.  The  volumes 
were  made  up  to  25  ml.  with  10  per  cent  sulfuric  acid.  From  this 
point  the  basic  procedure  for  copper  as  described  below  was  ap¬ 
plied.  The  transmittancy  of  the  dithizonate  solution  was  deter¬ 
mined  in  the  spectrophotometer  with  the  blank  at  100  per  cent 
transmission.  The  amount  of  copper  in  the  sample  was  read  from 
a  calibration  curve  prepared  with  known  amounts  of  copper. 
The  results  of  experiments  with  mercuric,  bismuth,  silver,  stan¬ 
nous,  and  auric  ions  are  described  in  Table  I. 

It  is  evident  that  substantial  amounts  of  zinc,  cadmium,  and 
bismuth  do  not  influence  the  quantitative  extraction  of  copper. 
Silver,  mercury,  and  stannous  tin  do  not  interfere  if  the  dithizone 
is  present  in  a  quantity  more  than  sufficient  to  combine  with  both 
these  ions  and  the  copper.  Zinc,  cadmium,  and  bismuth  are  less 
readily  extracted  than  copper  and  only  partially  accompany  the 
copper.  Silver,  mercury,  and  stannous  tin,  however,  are  ex¬ 


tracted  more  readily  than  copper  at  a  pH  of  2.3,  so  that  in  the 
presence  of  these  elements  it  is  absolutely  necessary  that  the 
quantity  of  dithizone  be  sufficient  to  combine  with  both  these 
elements  and  the  copper.  As  dithizone  complexes  with  silver 
and  mercury  are  yellow,  it  is  usually  not  difficult  to  detect  inter¬ 
ference  from  these  two  elements.  Interference  from  stannous 
tin  may  be  eliminated  entirely  by  oxidizing  it  to  the  stannic  state. 

Interference  from  somewhat  larger  amounts  of  silver  and  mer¬ 
cury  than  are  shown  in  the  Table  I  could  undoubtedly  be  elimi¬ 
nated  by  using  a  more  concentrated  solution  of  dithizone  or  by 
increasing  the  number  of  extractions. 

Removal  of  Excess  Dithizone  by  Dilute  Ammonia  Wash. 
In  the  removal  of  excess  dithizone  from  carbon  tetrachloride 
solution  by  means  of  an  ammonia  wash,  the  dithizone  is  not 
quantitatively  removed,  but  an  equilibrium  is  reached.  In  order 
to  determine  the  effect  of  the  concentration  of  ammonia  in  the 
wash  solution  on  the  transmittancy  of  the  carbon  tetrachloride 
layer  containing  copper  dithizonate,  in  a  series  of  experiments 
the  concentration  of  ammonia  was  varied  from  1  part  in  200  of 
redistilled  water  to  5  parts  in  100.  Aliquots  of  standard  copper 
solution  were  analyzed  according  to  the  usual  procedure  up  to 
the  removal  of  excess  dithizone.  Then  each  sample  was  shaken 
for  2  minutes  with  25  ml.  of  wash  solution,  and  the  transmittancy 
was  read  against  a  blank.  Another  group  was  shaken  for  2 
minutes  with  15  ml.  of  wash  solution  and  then  for  another  2-min¬ 
ute  period  with  10  ml. 

Method 

Apparatus.  The  only  special  apparatus  used  was  a  Coleman 
spectrophotometer.  Readings  were  made  on  this  instrument  at 


Cu  Added 

Table  I.  Recovery  of  Copper 

Other  Metal  Added  Cu  Found 

Error 

Micrograms 

Micrograms 

Micrograms 

M  icrograms 

2.5 

Hg  +  + 

10.0 

2.7 

+0.2 

2.5 

10.0 

2.6 

+0.1 

5.0 

10.0 

5.0 

0.0 

5.0 

10.0 

5.1 

+0.1 

7.5 

10.0 

7.5 

0.0 

7.5 

10.0 

7.5 

0.0 

2.0 

20.0 

2.1 

+0.1 

5.0 

20.0 

4.9 

-0.1 

5 . 0 

30.0 

5.1 

+  0.1 

2.0 

40.0 

1.2 

-0.8 

5.0 

40.0 

3.2 

-1.8 

2.5 

Bi  +  +  + 

20.0 

2.7 

+  0.2 

2.5 

20.0 

2.7 

+0.2  ' 

5.0 

20.0 

5.2 

+0.2 

7.5 

20.0 

7.3 

-0.2 

2.0 

100.0 

2.1 

+  0.1 

5.0 

100.0 

4.9 

-0.1 

2.0 

200.0 

2.1 

+0.1 

5.0 

200.0 

4.9 

-0.1 

2.5 

Ag  + 

16.0 

2.5 

0.0 

2.5 

16.0 

2.8 

+  0.3 

5.0 

16.0 

4.8 

-0.2 

5.0 

16.0 

4.8 

-0.2 

7.5 

16.0 

7.3 

-0.2 

2.0 

20.0 

2.1 

+  0.1 

5.0 

20.0 

4.9 

-0.1 

2.0 

40.0 

1.3 

-0.7 

5.0 

40.0 

3.2 

-1.8 

2.0 

Sn  +  + 

10.0 

2.2 

+0.2 

2.0 

10.0 

2.2 

+0.2 

5.0 

10.0 

5.1 

+  0.1 

7.0 

10.0 

6.9 

-0.1 

2.0 

15.0 

2.0 

0.0 

5.0 

15.0 

4.9 

-0.1 

2.0 

20.0 

0.0 

-2.0 

2.0 

Au  +  +  + 

10.0 

2.0 

0.0 

5.0 

10.0 

5.0 

0.0 

2.0 

Cd  +  + 

100.0 

2.0 

0.0 

5.0 

100.0 

5.1 

+  0.1 

2.0 

200.0 

1.9 

-0.1 

5.0 

200.0 

5.1 

+0.1 

2.0 

Zn  +  + 

100.0 

2.0 

0.0 

5.0 

100.0 

5.1 

+  0.1 

2.0 

200.0 

1.9 

-0.1 

5 . 0 

200.0 

5.0 

0.0 
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Table  II.  Removal  of  Excess  Dithizone 


NHiOH  Wash  Transmittancy 

% 

A.  One  shaking  period 

1:200 

42.5 

1:200 

41.0 

1:100 

43.0 

1:100 

43.0 

2:100 

45.0 

2:100 

44.0 

5:100 

54.0 

5:100 

53.0 

B.  Two  shaking  periods 

1:200 

40.5 

1 :200 

41.5 

1:100 

44.0 

1:100 

44.0 

2:100 

48.0 

2:100 

51.0 

5:100 

60.5 

5:100 

59.0 

520  millimicrons,  since  a  minimum  transmittancy  occurred  at  this 
wave  length.  A  mechanical  shaker  is  very  desirable. 

Reagents.  Water  redistilled  from  Pyrex  was  used  for  all 
dilutions,  c.  p.  nitric  acid  was  redistilled  from  Pyrex.  All  solu¬ 
tions  were  stored  in  Pyrex  containers. 

Glassware  was  cleaned  with  concentrated  nitric  acid  and  rinsed 
first  with  tap  water,  then  with  water  redistilled  from  Pyrex. 

Copper  standard,  1  microgram  of  copper  per  ml.  Accurately 
weigh  a  0.5000-gram  sample  of  electrolytic  sheet  copper  and 
treat  with  20  ml.  of  6  N  nitric  acid.  Evaporate  the  solution 
almost  to  dryness  and  then  add  2  to  3  drops  of  glacial  acetic  acid. 
Transfer  the  solution  quantitatively  to  a  500-ml.  volumetric 
flask.  From  this  stock  solution  a  working  standard  of  1  micro¬ 
gram  of  copper  per  ml.  should  be  prepared  immediately  before 
use. 

Sulfuric  acid,  10  per  cent.  Dilute  1  volume  of  the  concentrated 
c.  p.  acid  to  10  volumes. 

Cresol  red,  0.02  gram  per  100  ml.  of  water. 

Buffer  solution,  pH  2.3.  Dissolve  38  grams  of  c.  p.  citric  acid  and 
21  grams  of  c.  p.  disodium  hydrogen  phosphate  dodecahydrate  in 
redistilled  water.  Purify  by  shaking  with  a  concentrated  solu¬ 
tion  of  dithizone  in  carbon  tetrachloride.  Wash  out  the  excess 
dithizone  with  clear  carbon  tetrachloride,  discard  the  washings, 
and  dilute  the  aqueous  layer  with  redistilled  water  to  250  ml. 


0  5  10 

MICROGRAMS  OF  COPPER 

Figure  Calibration  Curves 


When  2  ml.  of  this  solution  are  added  to  25  ml.  of  unbuffered 
solution,  the  solution  is  buffered  at  a  pH  of  2.3. 

Dithizone  solution.  Dissolve  15  mg.  of  pure  dithizone  in  1 
liter  of  c.  p.  carbon  tetrachloride.  Since  solutions  of  dithizone 
are  exceedingly  unstable,  certain  precautions  must  be  observed 
in  their  preservation  ( 3 ).  In  addition,  Greenleaf  (8)  has  sug¬ 
gested  the  use  of  hydroxylamine  in  the  sample  solution  itself  to 
prevent  oxidation  of  the  dithizone. 

Potassium  iodide  solution,  2  per  cent.  Dissolve  10  grams  of 
c.  p.  potassium  iodide  in  450  ml.  of  water.  Acidify  with  5  ml.  of  1 
N  hydrochloric  acid.  Discharge  the  color  caused  by  the  presence 
of  free  iodine  with  0.1  JV  sodium  thiosulfate  solution  added  drop- 
wise.  Shake  in  a  separatory  funnel  with  successive  10-ml.  por¬ 
tions  of  dithizone  solution  until  no  discoloration  of  the  dithizone 
occurs.  Discard  the  carbon  tetrachloride  extract  and  wash  the 
aqueous  layer  with  clear  carbon  tetrachloride.  Dilute  the  aque¬ 
ous  solution  to  500  ml.  with  redistilled  water.  Check  the  potas¬ 
sium  iodide  solution  frequently  (once  a  day)  with  dithizone  solu¬ 
tion  for  the  presence  of  free  iodine,  and  if  necessary  add  more 
sodium  thiosulfate  solution.  Since  the  potassium  iodide  solution 
may  not  be  checked  often  enough  to  detect  traces  of  free  iodine, 
Greenleaf  (8)  suggests  adding  some  reducing  agent  such  as  hypo- 
phosphorous  acid  or  sodium  hypophosphite  to  the  iodide  solution. 

Ammonium  hydroxide,  1  to  200.  Dilute  1  volume  of  concen¬ 
trated  c.  p.  ammonium  hydroxide  to  200  volumes  with  redistilled 
water. 

Procedure.  Pipet  a  suitable  aliquot  of  the  sample  solution 
into  a  150-ml.  separatory  funnel.  If  the  volume  is  less  than  25 
ml.,  make  it  up  to  that  volume  with  10  per  cent  sulfuric  acid. 
Add  2  drops  of  cresol  red  solution  and  bring  the  contents  of  the 
flask  to  the  yellow  color  of  the  indicator  range  with  concentrated 
ammonium  hydroxide.  Add  2  ml.  of  the  buffer  solution  (pH  2.3) 
and  exactly  10  ml.  of  dithizone  solution.  Shake  for  10  minutes. 
Transfer  the  carbon  tetrachloride  layer  to  a  clean  separatory 
funnel  and  add  10  ml.  of  acidic  potassium  iodide  solution.  Shake 
for  2  minutes.  Transfer  the  carbon  tetrachloride  layer  to  another 
separatory  funnel  and  add  25  ml.  of  1  to  200  ammonium  hydroxide 
solution.  Shake  for  2  minutes.  Determine  the  transmittancy 
in  the  spectrophotometer  at  520  millimicrons  with  the  blank  at 
100  per  cent  transmission.  From  a  calibration  curve,  such  as 
shown  in  Figure  2,  estimate  the  amount  of  copper  present. 


Table  III.  Analyses  of  Foods 


Copper  Content 
Dithizone  Greenleaf 

Copper 

Copper 

Found, 

Dithizone 

Food  Product 

method" 

method 

Added 

Method 

P.  p.  to. 

P.  p.  m. 

P.  p.  TO. 

P.  p.  TO. 

Tomato  puree 

9.5 

.  .  . 

8.5 

Corn 

1.03 

1 .00 

2.15 

0.85 

1.00 

1.85 

0.89 

1.00 

1.95 

0.46 

0.84 

1.08 

Pork  and  egg 

4.5 

Noodles 

5.4 

Pineapple 

31.9 

29 '9 

60.9 

59.6 

Tomato  juice 

2.30 

2.45 

1.00 

3.40 

1.80 

1.70 

1.00 

2.90 

1.10 

0.95 

1.00 

2.15 

2.30 

2.35 

1.00 

3.15 

°  Values  obtained  from  separate  samples;  not  duplicates. 

Application  of  Method 

Food.  The  sample  is  prepared  for  analysis  by  comminution 
in  a  Waring  Blendor,  and  then  wet-ashing  a  suitable  sample  (20  to 
50  grams)  with  concentrated  sulfuric  and  nitric  acids.  The  well- 
mixed  sample  is  weighed  into  a  500-ml.  Erlenmeyer  flask  and 
heated  until  excess  moisture  has  been  driven  off  and  the  material 
has  just  begun  to  char.  Then  10  ml.  of  concentrated  sulfuric  acid 
are  added  to  the  cooled  contents  of  the  flask,  and  the  flask  is 
returned  to  the  burner.  Heating  is  continued  and,  when  white 
sulfur  trioxide  fumes  appear,  nitric  acid  is  added  dropwise.  As 
the  nitric  acid  is  consumed,  more  is  added  dropwise  until  the 
contents  of  the  flask  are  colorless  or  at  most  a  straw  yellow  in 
color.  The  flask  is  removed  from  the  flame  and  allowed  to  cool. 
The  contents  are  diluted  with  redistilled  water  to  approximately 
50  ml.  Heating  is  resumed  until  sulfur  trioxide  fumes  appear. 
The  cooling,  dilution,  and  heating  are  repeated  to  ensure  removal 
of  all  oxides  of  nitrogen.  The  contents  of  the  flask  are  trans¬ 
ferred  to  a  volumetric  flask  and  diluted  to  volume. 
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Table  IV.  Analyses  of  Steel 

- - Sample- 


Method 

i 

2 

3 

4 

5 

6 

% 

% 

% 

% 

% 

% 

Electrolytic  (analyst  1) 

0.018 

0.060 

0.070 

0.100 

0.076 

0.108 

Spectrographic  (analyst  1) 

0.020 

0.053 

0.073 

0.092 

0.073 

0.122 

Iodine  titration  (analyst  2) 
Pyridine  —  KCNS  (analyst 

0.022 

0.048 

0.071 

0.089 

0.069 

0.115 

3) 

0.020 

0.056 

0.074 

0.094 

0.070 

0.108 

Unknown  (analyst  4) 
Pyridine  —  KCNS  (analyst 

0.026 

0.062 

0.067 

0.100 

0.075 

0.103 

5) 

0.017 

0.052 

0.075 

0.108 

0.078 

0.119 

Dithizone 

0.018 

0 . 058 

0.083 

0.103 

0.075 

0.115 

0.018 

0.060 

0.088 

0.108 

0.078 

0.120 

Samples  of  numerous  foods  were  analyzed  for  copper.  Re¬ 
coveries  of  added  copper  were  made  from  some  samples,  and  in 
a  few  cases  results  were  checked  by  the  Greenleaf  method  (7). 
Results  of  these  analyses  are  given  in  Table  III.  It  is  evident 
that  the  agreement  between  the  dithizone  method  and  the 
Greenleaf  method  is  good  and  that  copper  recoveries  from  foods 
by  the  dithizone  method  are  satisfactory. 

Steel.  Since  samples  of  steel  are  analyzed  occasionally  for 
copper  in  this  laboratory',  the  dithizone  method  was  applied  to  a 
set  of  six  steel  samples  which  the  Weirton  Steel  Company  had 
distributed  previously  for  a  collaborative  study  of  the  determina¬ 
tion  of  copper  in  tin  plate  base  metal. 

The  sample  was  prepared  for  analysis  by  dissolving  1  gram  of 
steel  filings  in  100  ml.  of  hot  1  to  9  sulfuric  acid.  Redistilled 
nitric  acid  was  added  dropwise  and  heating  continued  until  the 
solution  was  a  clear  yellow  color.  After  cooling  it  was  diluted 
to  250  ml.  in  a  volumetric  flask.  A  suitable  aliquot  was  then 
analysed  for  copper. 


In  Table  IV  data  obtained  by  the  dithizone  method  are  to  be 
found,  together  with  data  furnished  by  Weirton  Steel  Company 
on  the  results  of  the  collaborative  study.  It  is  apparent  that  the 
dithizone  method  may  be  applied  to  steel  without  modification. 

Solder.  A  1. 0-gram  sample  was  dissolved  in  concentrated 
hydrochloric  acid  and  bromine.  After  filtering  off  the  lead 
chloride  the  solution  was  neutralized  to  a  pH  of  2  to  3.  Copper 
was  determined  in  a  suitable  aliquot  by  the  regular  procedure. 
The  copper  content  of  Bureau  of  Standards  Sample  No.  127  was 
found  to  be  0.016  per  cent  as  compared  with  0.013  per  cent  deter¬ 
mined  spectrochemically  and  0.014  per  cent  chemically  by 
Ruehle  and  Jaycox  (10). 
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Determination  of  Tungsten  in  Low-Grade 

Tungsten  Ores 

F.  S.  GRIMALDI  AND  VICTOR  NORTH 
U.  S.  Department  of  the  Interior,  Geological  Survey,  Washington,  D.  C. 


Two  methods  based  on  the  Feigl-Krumholz  test 
are  described  for  rapid  colorimetric  determination 
of  small  amounts  of  tungsten  in  low-grade  ores 
and  tailings.  Aliquot  portions  are  adjusted  to 
deal  with  quantities  of  tungsten  ranging  from 
0.04  to  0.40  mg.  of  W03.  The  maximum  per¬ 
missible  concentrations  of  possible  interfering  ions 
have  been  determined  and  a  graphical  method  of 
correcting  for  the  usually  slight  interference  of 
molybdenum  is  given. 


THE  time  required  for  a  tungsten  analysis  by  gravimetric 
methods  is  a  disadvantage  in  exploring  for  tungsten  deposits 
or  in  control  work  on  mill  tailings.  Some  uncertainties  are  intro¬ 
duced  in  the  determination  of  very  small  amounts  of  tungsten  be¬ 
cause  of  the  possible  interference  of  high  concentrations  of  foreign 
ions  introduced  by  the  large  sample  necessary  for  the  analysis. 

Procedures  for  the  rapid  determination  of  small  amounts  of 
tungsten  have  been  reported  by  Russian  chemists,  but  the  litera¬ 
ture  is  available  to  American  laboratories  only  through  abstracts. 
In  view  of  the  strategic  importance  of  tungsten,  the  writers 
thought  it  desirable  to  report  some  new  results  on  methods  for 
its  estimation  based  on  the  Feigl-Krumholz  test. 


Feigl  and  Krumholz  ( 1 )  showed  that  a  weakly  alkaline  tung¬ 
state  solution  would  slowly  develop  a  yellow  color  upon  the  addi¬ 
tion  of  thiocyanate  and  an  acid  stannous  chloride  solution.  The 
color  reached  a  maximum  after  30  minutes  and  it  was  found  that 
Beer’s  law  was  valid  from  0.01  to  0.1  mg.  of  tungsten  trioxide. 
Fernjanfiifi  (2)  substituted  titanous  chloride  for  stannous  chloride 
and  developed  the  same  color  instantaneously.  Other  investiga¬ 
tions  along  similar  fines  have  been  carried  out  by  Russian  chem¬ 
ists  (3,  5,  6,  8,  9). 

In  applying  the  test  to  ores  the  authors  preferred  to  retain 
stannous  chloride  as  the  reducing  agent  because  it  is  colorless  and 
less  care  is  necessary  to  obtain  satisfactory  results.  Stannous 
chloride  is  preferable  when  much  iron  is  to  be  reduced  and  neces¬ 
sary  in  the  presence  of  phosphate,  as  certain  combinations  of  ti¬ 
tanium  and  phosphorus  also  produce  a  yellow  color. 

Reagents  and  Apparatus 

Potassium  thiocyanate  solution.  Dissolve  25  grams  of  reagent 
grade  potassium  thiocyanate  in  100  ml.  of  water. 

Stannous  chloride  solution.  Dissolve  20  grams  of  the  di¬ 
hydrate  in  100  ml.  of  concentrated  hydrochloric  acid  and  100  ml. 
of  water. 

Sodium  hydroxide  solution  1  (approximately  40  per  cent). 
Dissolve  40  grams  of  sodium  hydroxide  in  60  ml.  of  water. 

Solution  2  (approximately  20  per  cent).  Dissolve  20  grams 
of  sodium  hydroxide  in  80  ml.  of  water. 
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Mg.  of  M0O3  in  Final  Aliquot 
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Figure  1.  Interference  of  Molybdenum 


Standard  tungstate  solution.  Solution  1.  1  ml.  =  0.002 

gram  of  W03.  Dissolve  about  0.71  gram  of  molybdenum-free 
sodium  tungstate  dihydrate  in  water  and  dilute  to  200  ml.  in  a 
volumetric  flask.  Check  the  tungstic  oxide  content  by  gravi- 
metrically  determining  W03. 

Solution  2.  1  ml.  =  0.00004  gram  of  W03.  Dilute  a  suitable 

volume  of  solution  1. 

Colorimeter.  A  Klett  colorimeter  was  used  in  this  work. 


precipitates  out  as  cuprous  thiocyanate.  If  sufficient  thiocya¬ 
nate  solution  is  present,  however,  the  supernatant  liquid  will  give 
the  characteristic  test  for  tungsten.  By  experiment,  0.1  gram  of 
copper  required  2  ml.  of  potassium  thiocyanate  solution  for  satis¬ 
factory  development  of  the  tungsten  color.  Lead  precipitates 
out  as  the  chloride  when  over  60  mg.  of  lead  are  present,  but  no  in¬ 
terference  with  the  development  of  the  color  was  noticed.  Citric 
acid,  in  amounts  in  excess  of  0.5  gram,  interfered  with  the  maxi¬ 
mum  development  of  the  color.  Of  course  nitrates  and  other 
oxidizing  agents  interfere  with  the  reducing  action  of  stannous 
chloride.  More  than  1  gram  of  sodium  chloride  or  2  grams  of  am¬ 
monium  chloride  will  precipitate  from  the  final  acid  solution  but 
do  not  alter  the  tungsten  color.  Arsenic  should  be  absent;  it 
precipitates  out  slowly  as  metallic  arsenic.  The  interference 
ranges  from  a  brownish  opalescence  to  a  black  precipitate  accord¬ 
ing  to  the  amount  of  arsenic  present.  This  behavior  of  arsenic 
is  very  characteristic  and  easily  recognized.  Titanium  in  quan¬ 
tities  under  10  mg.  does  not  interfere  appreciably.  Larger  quan¬ 
tities  produce  a  yellow  color  in  the  solution  which  is  intensified  in 
the  presence  of  phosphate. 

Molybdenum  produces  a  weak  yellow  color  similar  to  the  yel¬ 
low  of  tungsten.  The  interference  of  molybdenum  is  illustrated 
in  Figure  1.  The  data  for  the  curve  in  Figure  1  were  obtained  by 
applying  the  general  method  to  various  mixtures  of  tungstate 
and  molybdate.  The  interference  of  molybdenum  is  negligible 
when  present  in  the  final  aliquot  in  quantities  below  0.6  mg.  of 
molybdenum  trioxide.  For  rapid  work  the  curve  may  be  used 
to  apply  corrections.  Molybdenum  itself  may  be  quickly  deter¬ 
mined  colorimetrically  in  a  separate  aliquot  of  the  same  solution 
used  for  tungsten  (4). 

Procedures  for  Tungsten  Ores 


Experimental 

For  convenience,  the  Feigl-Kramholz  procedure  was  modified 
by  using  a  larger  volume  for  final  comparison.  A  lower  con¬ 
centration  of  stannous  chloride  than  originally  recommended  was 
found  to  give  satisfactory  results.  The  final  volume  of  the  test 
solution  used  by  the  writers  was  26.5  ml. 

One  milliliter  of  potassium  thiocyanate  reagent  was  added  to 
10.5  ml.  of  the  experimental  tungstate  solution  containing  about 
0.12  gram  of  free  sodium  hydroxide.  This  corresponds  to  an 
alkalinity  of  about  0.3  N  and  was  used  for  all  subsequent  tests. 
Next,  5  ml.  of  stannous  chloride  solution  and  10  ml.  of  con¬ 
centrated  hydrochloric  acid  were  added.  The  color  was  com¬ 
pared  in  a  colorimeter  with  a  similarly  treated  standard. 

Under  these  conditions  Beer’s  law  was  valid  up  to  0.5  mg.  of 
tungsten  trioxide. 

Iron,  antimony,  calcium,  magnesium,  aluminum,  phosphate, 
sulfate,  combinations  of  iron  and  phosphate,  iron  and  sulfate, 
ammonium,  and  sodium  salts  do  not  interfere.  Soluble  silica 
does  not  interfere  but  may  occasionally  precipitate  out.  Iron  ac¬ 
celerates  the  development  of  the  tungsten  color. 

Among  the  colored  metal  ions  tested,  those  listed  in  Table  I  do 
not  interfere  if  the  final  aliquot  contains  less  than  the  quantities 
indicated.  A  few  of  these  elements  interfere  still  less  if  the  tung¬ 
sten  color  is  concentrated  by  means  of  an  organic  solvent,  such 
as  amyl  acetate. 

There  is  no  interference  when  phosphates  are  present  with 
smaller  quantities  of  vanadium  than  indicated  in  Table  I. 
Chromates  have  not  been  encountered  in  tungsten  ores.  Copper 


Table  I.  Limit  of  Interference  of  Certain  Elements 


Maximum  Amount 

Maximum  Amount 

Permissible  in 

Permissible  with 

Element 

Aqueous  Solution 

Extraction 

Mg. 

Mg. 

Ni 

3.  Ni 

No  interference 

Co 

1.  Co 

20  Co 

Cr 

0.3  Cr 

0.4  Cr 

V 

0.2  V 

1.3  V 

1.  General  Method.  Fuse  1.0  gram  of  sample  with  5 
grams  of  sodium  peroxide  in  an  iron  crucible.  Digest  the 
cooled  melt  with  hot  water  containing  a  little  alcohol  to  assist 
in  reducing  manganate.  After  the  peroxide  is  destroyed  filter 
into  a  250-ml.  volumetric  flask,  washing  the  residue  well  with 
warm  0.5  per  cent  sodium  hydroxide  solution.  To  a  10-ml. 
aliquot  in  a  50-ml.  beaker  add  by  pipet  0.5  ml.  of  water,  1  ml. 
of  potassium  thiocyanate  solution,  5  ml.  of  stannous  chloride 
solution,  and  10  ml.  of  concentrated  hydrochloric  acid  in  the 
order  mentioned.  A  standard  containing  0.20  mg.  of  WO3 
should  be  prepared  at  the  same  time.  For  this  purpose  pipet 
into  a  50-ml.  beaker  5  ml.  of  standard  tungstate  solution,  5  ml. 
of  water,  and  0.5  ml.  of  sodium  hydroxide,  Solution  2.  Follow 
with  the  reagents  mentioned  above.  After  1.25  hours  match 
the  standard  against  the  sample  in  a  colorimeter.  Best  results 
are  obtained  when  the  standard  and  the  sample  have  about 
the  same  tungsten  concentration. 

2.  Preferred  Method  When  Molybdenite  or  Arsenic 
Is  Present.  During  the  solution  of  the  sample  in  this  method, 
and  in  the  absence  of  oxidizing  agents,  molybdenite  is  not 
attacked  and  arsenic,  volatilizing  as  arsenic  trichloride,  is 
effectively  removed.  This  method  is  adapted  to  the  determina¬ 
tion  of  small  quantities  of  tungsten  because  alkali  salts  are 
kept  to  a  minimum  and  no  collection  methods  need  be  used  for 
concentrating  the  tungsten. 

When  acid-soluble  titanium  minerals  are  present  in  excess  of 
1  per  cent  titanium  dioxide,  this  method  tends  to  give  low  results 
because  of  some  tungsten  retention  by  titanium  phosphate. 
The  writers’  experience  with  tungsten  ores  from  many  localities 
indicates  that  soluble  titania  generally  does  not  exceed  0.2 
per  cent  titanium  dioxide,  a  quantity  which  does  not  interfere. 

To  0.5  to  2  grams  of  finely  ground  sample  in  a  100-ml.  beaker, 
add  1  ml.  of  1  to  3  phosphoric  acid  and  40  ml.  of  concentrated 
hydrochloric  acid.  Cover  the  beaker  and  allow  the  solution  to 
digest  on  the  steam  bath  for  about  20  minutes.  Remove  the 
cover  and  evaporate  the  contents  to  dryness.  Add  10  ml.  of 
1  to  4  hydrochloric  acid  and  digest  for  at  least  10  minutes. 
Dilute  to  50  ml.  with  water  and  warm.  Add  paper  pulp,  and 
filter  into  a  100-ml.  volumetric  flask.  Wash  the  residue  with 
water. 

To  a  10-ml.  aliquot  add  0.5  ml.  of  sodium  hydroxide,  Solution 
1,  and  1  ml.  of  potassium  thiocyanate  solution.  Now  add  the 
stannous  chloride  and  hydrochloric  acid  as  in  procedure  1.  Allow 
the  mixture  to  stand  1.5  hours  and  compare  with  a  standard 
made  at  the  same  time  in  the  manner  indicated  in  procedure  1. 
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Table  II.  Colorimetric  Estimation  of  Tungsten 


No. 

Mineral 

Location 

' - Per  Cent  of  WOa 

Procedure  1,  Procedure  2, 
colorimetric  colorimetric 

Gravimetric 

Notes 

1 

Scheelite 

Alaska 

0.08 

0.04 

2 

Scheelite 

California 

0.14 

0.15 

0.10 

3 

Scheelite 

Alaska 

0.11 

0.11 

Contained  As 

4 

Scheelite 

Alaska 

0.18 

0.19 

Contained  As 

5 

Scheelite 

Alaska 

0,31 

0.31 

0.26 

6 

Scheelite 

Alaska 

0.45 

0.46 

0.48 

7 

Psilomelane 

Arizona 

0.54 

0.55 

0.52 

Total  Mn  48% 

8 

Scheelite 

Alaska 

0.60 

0.63 

0.60 

BaO  14% 

9 

Scheelite 

Alaska 

0.71 

0.68 

10 

Scheelite 

Alaska 

0.73 

0.74 

0.75 

11 

Coronadite 

New  Mexico 

2.0 

1.85 

Pb  30% 

12 

Scheelite 

Alaska 

1.1 

1.12 

13 

Psilomelane 

New  Mexico 

1.2 

1.29 

Total  Mn  50% 

14 

Molybdenite 

Idaho 

None 

None 

BaO  and  SrO  15% 
MoS2  1.86% 
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Colorimetric  estimations  using  procedures  1  and  2  are  given  in 
Table  II  for  comparison;  these  results  are  seen  to  be  good  in  the 
range  up  to  1  per  cent  tungsten  trioxide. 
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Microbiological  Determination  of 
Pantothenic  Acid 

Further  Studies 

A.  L.  NEAL  AND  F.  M.  STRONG,  College  of  Agriculture,  University  of  Wisconsin,  Madison,  Wis. 


The  procedure  for  microbiological  deter¬ 
mination  of  pantothenic  acid  has  been 
modified  by  additions  to  the  basal  medium 
and  improvements  in  the  method  of  grow¬ 
ing  inoculum.  The  modified  method  is 
capable  of  measuring  smaller  amounts  of 
pantothenic  acid  and  gives  concordant  re¬ 
sults  at  increasing  levels  of  sample. 

ALTHOUGH  published  methods  for  the  microbiological 
assay  of  pantothenic  acid  (8,  13)  have  been  widely  used 
and  have  been  made  the  basis  for  various  conclusions  regarding 
the  physiological  and  nutritional  functions  of  this  vitamin,  cer¬ 
tain  discrepancies  raise  serious  questions  as  to  the  reliability  of 
the  results.  Among  these  difficulties  may  be  listed  lack  of  agree¬ 
ment  with  animal  tests,  the  large  “drift”  frequently  observed, 
and  the  fact  that  minor  variations  in  the  method  of  preparing 
the  sample  may  cause  wide  fluctuations  in  the  final  assay  values. 
Furthermore  (13),  anomalous  results  were  obtained  in  attempting 
to  carry  out  recovery  experiments  on  hydrolyzed  samples  of 
fresh  liver  and  kidney. 

Some  of  the  reasons  underlying  these  troubles  have  recently 
come  to  light.  The  effect  of  fatty  acids  on  the  growth  of  Lacto¬ 
bacillus  casei  has  been  discovered  (2,  12),  and  methods  for  avoid¬ 
ing  their  interference  in  the  riboflavin  assay  have  been  worked 
out  (1,  12).  It  has  also  become  apparent  that  certain  water- 
soluble  substances  of  an  unknown  nature,  and  apparently  present 
mainly  in  brans,  are  capable  of  stimulating  the  bacterial  re¬ 
sponse  (5,  7,15). 


The  present  paper  is  concerned  (a)  with  a  study  of  methods  for 
liberating  “bound”  pantothenic  acid  in  the  sample,  ( b )  with  pro¬ 
cedures  designed  to  remove  interfering  fat-soluble  substances 
from  the  test  solution,  and  (c)  with  efforts  to  modify  the  basal 
medium  in  such  a  way  as  to  avoid  the  effect  of  water-soluble, 
stimulating  factors  and  to  prevent  “drift”. 

Except  for  the  modifications  detailed  below,  the  general  pro¬ 
cedure  previously  described  (13)  has  been  followed  in  the  present 
work  for  setting  up  assays  and  calculating  results. 

Cultures  and  Inoculum 

Evidence  has  accumulated  in  carrying  out  a  large  number  of 
assays  that  the  best  response  is  obtained  when  the  inoculum  is  not 
carried  through  several  transfers  in  the  liquid  medium  as  formerly 
recommended,  but  is  grown  directly  from  a  stab  culture.  It  also 
appears  advisable  to  transfer  the  stab  cultures  weekly  instead  of 
monthly.  To  grow  inoculum,  cells  from  a  suitable  stab  are  trans¬ 
ferred  into  a  tube  containing  10  cc.  of  the  basal  medium  (see 
below)  plus  1  microgram  of  calcium  pantothenate.  After  24 
hours’  incubation  at  37°  ( ±  1  °)  C.  the  cells  are  centrifuged  out  and 
resuspended  in  10  cc.  of  saline,  and  the  resulting  cell  suspension 
is  used  as  inoculum.  Thus  there  is  no  “subculture”  made  be¬ 
tween  the  stock  stab  culture  and  the  inoculum  and  the  cell  sus¬ 
pension  is  not  so  extensively  diluted  with  saline  as  before  (13). 
One  should  return  to  a  stab  each  time  inoculum  is  to  be  grown. 
One  stab  culture  may  be  used  several  times  if  proper  precautions 
are  taken  to  avoid  bacterial  contamination. 

Basal  Medium 

The  previous  basal  medium  has  been  modified  by  adding  glu¬ 
tamic  acid  and  a  supplement  prepared  from  Vitab,  by  increasing 
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the  sodium  acetate  concentration  to  2  per  cent,  and  by  using  a 
more  concentrated  yeast  supplement.  The  remaining  in¬ 
gredients  of  the  medium  were  prepared  as  previously  described 
(13). 

Yeast  Supplement.  This  was  prepared  as  before  (13)  ex¬ 
cept  that  Darco  G-60  was  used  for  the  adsorption,  and  the  ad- 
sorption  was  carried  out  in  a  volume  of  240  ml.  After  the  second 
charcoal  treatment  the  filtrate  was  neutralized  with  solid  sodium 
hydroxide  and  diluted  to  250  ml.  The  supplement  was  thus  four 
times  as  concentrated  as  previously  described,  since  each  milli¬ 
liter  was  equivalent  to  100  mg.  of  whole  autolyzed  yeast. 

Yitab  Supplement.  Seventy-five  grams  of  Vitab  (National 
Oil  Products  Co.)  were  dissolved  in  500  ml.  of  water,  the  pH  was 
adjusted  to  1.2  to  1.5  with  concentrated  hydrochloric  acid,  and 
the  mixture  was  stirred  with  50  grams  of  activated  charcoal  ■ 
e.  g.,  Darco  G-60 — for  20  minutes  at  room  temperature.  The 
charcoal  was  filtered  off,  the  pH  readjusted  to  1.2  to  1.5,  and  the 
adsorption  repeated.  The  filtrate  was  neutralized  to  pH  6.8  with 
concentrated  sodium  hydroxide,  filtered  again,  and  diluted  to 
1000  ml.  with  distilled  water.  One  milliliter  of  the  final  solution 
therefore  contained  the  equivalent  of  75  mg.  of  Vitab. 

Glutamic  Acid.  One  gram  of  /-glutamic  acid  hydrochloride 
was  dissolved  in  80  to  90  ml.  of  water  by  warming  on  the  steam 
bath  and  stirring  until  solution  was  effected.  The  solution  was 
then  cooled  and  diluted  to  100  ml. 

The  amounts  of  these  materials  used  in  setting  up  an  assay, 
and  the  composition  of  the  modified  medium  are  shown  in  Table 
I.  This  medium  will  be  referred  to  henceforth  as  the  basal 
medium.  To  set  up  a  100-tube  assay,  the  amounts  of  the  various 
reagents  and  solutions  indicated  in  Table  I  are  mixed,  adjusted 
to  pH  6.6  to  6.8,  and  diluted  to  500  ml.  with  distilled  water.  This 
gives  a  mixture  having  twice  the  concentration  of  the  basal 
medium.  The  rest  of  the  procedure  is  carried  out  as  before  (13). 


Table  I.  Composition  of  Basal  Medium  and  Amounts 
Required  for  One  Hundred  Tubes 


Ingredient 


Amount  for 

100  Tubes  Amount  in  Medium 

Ml.  % 


NaOH-treated  peptone 

100 

Grams 

Anhydrous  glucose 

10 

Sodium  acetate 

14 

Ml. 

Cystine 

100 

Asparagine 

25 

Glutamic  acid 

25 

Riboflavin 

2 

Yeast  supplement 

50 

Vitab  supplement 

100 

Salts  solution  A 

5 

Salts  solution  B 

5 

0.5 


1.0 

2.0 


0.01 
0.025 
0.025 
0. 1  p.  p.  m. 

Equivalent  to  50  mg.  of 
autolyzed  yeast  per  tube 
Equivalent  to  75  mg.  of 
Vitab  per  tube 
(5  ml.  of  each  per  liter  of 
medium) 


Standard  Curve 

Since  the  linear  portion  of  the  standard  curve  extends  to  0.08  to 
0.10  microgram  of  calcium  pantothenate,  rather  than  to  approxi¬ 
mately  0.15  microgram  as  was  formerly  the  case,  it  has  seemed 
desirable  to  work  with  a  more  dilute  stahdard  solution.  The 
standard  solution  now  used  is  prepared  as  previously  described, 
but  is  diluted  to  0.02  microgram  per  ml.  The  standard  curve 
is  constructed  from  the  titration  values  of  tubes  containing  0.00, 
0.00,  0.5,  0.5,  1.0,  1.0,  2.0,  2.0,  3.0,  3.0,  4.0,  4.0,  5.0,  and  5.0  ml. 
of  the  standard  solution.  A  typical  standard  curve,  given  in 
Figure  1  (curve  1),  shows  that  the  useful  assay  range  is  about 
0.01  to  0.08  microgram  of  calcium  pantothenate  per  tube. 

Preparation  of  Materials  Tested 

Dry  samples  are  finely  ground.  Fresh  tissues  are  homogenized 
with  a  small  amount  of  water  in  a  Waring  Blendor  or  Potter- 
Elvehjem  homogenizer  (9).  An  amount  of  the  material  contain¬ 
ing  approximately  10  micrograms  of  pantothenic  acid  is  then 
suspended  in  100  ml.  of  distilled  water  and  adjusted  to  pH  6.8. 
If  recovery  experiments  are  to  be  carried  out,  the  amount  of 
sample  taken  is  reduced  by  one  half,  and  a  known  amount  of 


pantothenic  acid  added  as  the  volume  is  being  made  up  to  100 
ml.  The  amount  of  pantothenic  acid  added  should  be  approxi¬ 
mately  equal  to  the  quantity  of  the  vitamin  in  the  sample.  In 
either  case  the  mixture  is  autoclaved  for  15  to  20  minutes  at 
1  kg.  per  sq.  cm.  (15  pounds  per  square  inch)  pressure.  After  cool¬ 
ing,  2  ml.  of  2.5  M  sodium  acetate  are  added,  and  the  mixture  is 
brought  to  pH  4.8  (green  to  bromocresol  green,  outside  indicator) 
with  N  hydrochloric  acid.  The  solution  is  then  diluted  to  200 
ml.  and  is  filtered  through  a  fluted  quantitative  paper- — e.  g., 
Whatman  No.  40.  If  the  filtrate  is  not  perfectly  clear  it  is  re¬ 
filtered  with  the  aid  of  a  small  amount  of  fine  Filter-Cel.  Fifty 
milliliters  of  the  filtrate  are  neutralized  to  pH  6.8  with  N 
sodium  hydroxide,  and  diluted  to  100  ml.  for  assay. 

If  a  sample  very  high  in  fat  is  to  be  assayed,  or  if  the  sample 
as  above  prepared  shows  a  drift,  it  is  necessary  to  extract  the 
50  ml.  of  filtrate  with  ether  after  neutralizing  but  before  diluting 
to  volume.  The  filtrate  is  shaken  out  with  about  30  ml.  of 
ether.  The  extraction  is  twice  repeated,  and  the  aqueous  phase 
is  then  diluted  to  100  ml.  without  removal  of  the  dissolved  ether. 


MICROGRAMS  d-CALCHjM  PANTOTHENATE 


Figure  1.  Standard  Curves 

Curve  1,  present  basal  medium.  Curve  2,  original  medium. 
72  hours’  incubation. 


Enzyme  Treatment.  An  aliquot  of  the  homogenized  sample 
estimated  to  contain  10  micrograms  of  pantothenic  acid  after 
digestion,  is  suspended  in  25  ml.  of  distilled  water  plus  2  ml.  of 
2.5  M  sodium  acetate.  An  amount  of  clarase  or  papain  powder 
equal  to  twice  the  dry  weight  of  the  sample  is  added  and  the 
mixture  brought  to  pH  4.8  with  N  hydrochloric  acid.  The  vol¬ 
ume  is  made  to  50  ml.  with  water  and  the  mixture  incubated  at 
37°  C.  under  toluene  for  48  hours.  The  suspension  is  then  pre¬ 
pared  for  assay  as  described  above.  A  portion  of  the  enzyme 
powder  is  carried  through  the  same  procedure  and  assayed  to 
ascertain  its  pantothenic  acid  content. 

Digestion  with  pancreatin  was  carried  out  in  a  similar  manner, 
except  that  50  ml.  of  0.05  M  phosphate  buffer,  pH  7.2,  replaced 
the  sodium  acetate. 

Etheh-Solxjble  Fraction  from  Yeast.  A  pancreatm- 
digested  yeast  suspension  was  adjusted  to  pH  6.8  and  subjected 
to  continuous  ether  extraction  for  3  hours.  The  ether  was  re¬ 
moved  from  the  extract,  the  residue  taken  up  in  5  ml.  of  alcohol, 
and  the  solution  diluted  to  the  same  volume  as  that  of  the 
aqueous  phase  extracted. 

Oleic  Acid.  The  oleic  acid  was  prepared  by  saponifying  a 
pure  sample  of  ethyl  oleate  and  was  tested  in  the  form  of  a  fine 
suspension  obtained  by  diluting  a  methanol  solution  with 
water.  The  small  amount  of  methanol  used  had  no  detectable 
effect  on  the  test  organism. 

Results  and  Discussion 

Although  satisfactory  agreement  was  reported  (13)  for  animal 
and  microbiological  pantothenic  acid  determinations  or  several 
samples,  a  further  comparison  has  revealed  that  in  the  case  of 
yeast  serious  discrepancies  exist.  Thus  the  data  in  Table  II 
show  about  fivefold  higher  values  by  chick  assay  of  a  number  of 
yeast  samples  than  by  the  L.  casei  method  as  originally  published. 
It  has  been  reported  (13)  that  such  discrepancies  are  attributable 
to  a  “bound  form”  of  pantothenic  acid  not  measured  by  the 
bacteria,  and  efforts  have  been  made  to  release  it  by  enzymatic 
digestion  (4, 10, 14, 16). 
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Table  II.  Comparison  of  Animal  and  Microbiological 
Assay  of  Pantothenic  Acid  in  Yeast 


-Pantothenic  Acid  Found- 


Dry  Yeast. 

Microbiological  Assay  b 

Sample 

Chick 

Clarase- 

No. 

assay0 

Direct 

digested 

Hf: _  _ _  ,1  n  l  n 

106 

200 

47 

134 

107 

220 

45 

187 

108 

190 

38 

123 

109  c 

510 

131 

298 

110 

250 

52 

132 

°  Chick  assays  carried  out  by  Jukes  by  method  previously  described  (6). 
Each  value  is  average  of  2  or  3  concordant  individual  assays. 
b  Carried  out  according  to  original  procedure  (IS). 
c  A  fortified  yeast  sample. 


In  the  early  part  of  this  work  a  study  was  made  of  the  effective¬ 
ness  of  clarase,  pancreatin,  and  papain  for  the  liberation  of 
bound  pantothenic  acid  in  yeast.  Systematic  variations  in  the 
amount  and  type  of  enzyme  and  in  the  conditions  of  time,  tem¬ 
perature,  and  pH  under  which  the  digestions  were  carried  out 
showed  that  the  values  obtained  could  be  increased  to  a  maximum 
of  about  60  to  80  per  cent  of  those  found  by  chick  assay.  Some  of 
these  results  are  given  in  Table  II. 

However,  many  of  the  assays  run  in  connection  with  this 
study  showed  considerable  drift — i.  e.,  a  regular  decrease  in  ap¬ 
parent  pantothenic  acid  content  was  noted  as  larger  amounts  of 
sample  were  tested.  The  amount  of  drift  was  usually  increased 
following  the  enzyme  treatment  and  it  was  difficult  to  obtain 
concordant  duplicate  results.  Typical  data  are  shown  in  Table 
III.  Since  the  authors’  experience  in  general  has  been  that  as¬ 
says  showing  drift  are  unreliable,  it  was  questionable  whether 
the  increase  found  after  enzyme  treatment  actually  represented 
pantothenic  acid.  Inasmuch  as  methods  of  avoiding  such  drifts 
in  the  riboflavin  assay  had  in  the  meanwhile  been  worked  out 
{12),  it  seemed  desirable  to  apply  similar  procedures  to  the  di¬ 
gested  yeast  samples.  When  this  was  done,  lower  values  for  the 
apparent  pantothenic  acid  content  were  obtained.  As  shown 
in  Table  III,  filtration  or  ether  extraction  reduced  the  value 
found  for  yeast  110  after  clarase  treatment  by  about  20  per  cent, 
but  the  result  was  still  twice  that  obtained  by  assay  of  the  original 
sample.  When  the  same  yeast  was  digested  with  pancreatin, 
and  then  assayed,  a  value  of  about  210  micrograms  per  gram  was 
found.  This  value  was  reduced  to  47  after  filtration  of  the  digest 
and  to  41  after  ether  extraction.  Similar  treatment  after  papain 
digestion  gave  a  value  of  42  micrograms  per  gram.  Control  ex¬ 
periments  showed  that  these  procedures  did  not  remove  panto¬ 
thenic  acid.  It  was  evident,  therefore,  that  a  large  part  of  the  in¬ 
crease  observed  after  enzyme  treatment  was  attributable  to  the 
liberation  of  interfering  substances,  rather  than  pantothenic  acid, 
and  it  seemed  likely  that  the  interfering  substances  were  fat-sol¬ 
uble  in  nature. 

This  suspicion  was  strengthened  by  testing  the  effect  of  oleic 
acid  and  an  ether-soluble  fraction  from  yeast.  The  data  pre¬ 
sented  in  Table  IV  summarize  the  results  of  this  work.  It  is 
evident  that  as  in  the  riboflavin  method  {12),  oleic  acid  exerts  a 
large  influence  on  the  bacterial  response,  and  that  the  magnitude 
of  the  stimulation  or  inhibition  observed  is  dependent  not  only 
on  the  amount  of  fatty  acid  used  but  also  on  the  level  of  panto¬ 
thenic  acid  being  tested.  The  ether  extract  of  yeast  was  likewise 
stimulatory. 

In  further  experiments  it  became  obvious,  however,  that  even 
after  fat-soluble  interfering  substances  were  removed,  an  ob¬ 
jectionable  amount  of  drift  still  persisted  (Table  III).  It  was 
assumed,  therefore,  that  water-soluble  materials  of  a  stimulatory 
nature  were  being  introduced  with  the  sample,  and  efforts  were 
made  to  prepare  a  supplement  to  the  medium  which  would  pro¬ 
vide  such  stimulants  in  excess.  Since  it  has  been  reported  that 
water  extracts  of  various  brans  contain  materials  of  an  unknown 
nature  which  stimulate  growth  and  acid  production  by  L.  easel 


{5,  7,  15),  a  rice-bran  concentrate,  Vitab,  was  selected  as  the 
starting  material.  It  was  successfully  freed  of  pantothenic  acid 
by  charcoal  treatment. 

When  the  basal  medium  was  modified  by  the  addition  of  this 
Vitab  supplement  together  with  extra  sodium  acetate  {3,  11),  a 
steeper  standard  curve  was  obtained  (Figure  1),  and  the  drift  was 
almost  entirely  eliminated.  The  data  in  Table  V.  show  excellent 
agreement  over  a  wide  range  of  increasing  levels  of  sample,  even 
though  widely  different  types  of  natural  materials  were  analyzed. 
It  is  important  in  carrying  out  these  analyses  to  employ  wide 
ranges  in  sample  levels;  otherwise  a  moderate  amount  of  drift 
may  easily  be  overlooked.  In  the  present  work  the  criterion 
has  been  set  up  that  in  order  for  an  assay  to  be  regarded  as  re¬ 
liable,  at  least  three  sets  of  duplicate  tubes  must  fall  in  the  assay 
range — i.  e.,  contain  amounts  of  pantothenic  acid  corresponding 
to  the  linear  portion  of  the  standard  curve — and  that  the  results 
calculated  from  any  one  of  these  tubes  must  not  deviate  by  more 
than  ±  10  per  cent  from  the  average.  Furthermore,  the  amount 
of  sample  in  those  tubes  representing  the  highest  level  should 
be  at  least  four  times  that  at  the  lowest  level. 

With  this  improved  assay  procedure  available  it  has  been  pos¬ 
sible  to  re-examine  with  more  confidence  the  question  of  enzyme 
digestion  of  the  sample.  The  data  in  Table  VI  show  clearly  that 
it  is  often  necessary  to  include  an  enzyme  treatment  in  order  to 


Table  III. 

Effect  of 

Method  of  Preparation  of  Sample 

on  Apparent  Pantothenic  Acid  Content  of  Yeast11 

Test 

Suspended  in 

Digested  with  Clarase 

Solution 

water  and 

Suspension 

Extracted 

Added  per 

assayed 

assayed 

with 

Tube 

directly 

directly  Filtered  ether 

Ml. 

' 

1 

57 

165 

1 

58 

161 

2 

49 

121  114 

ii4 

2 

53 

117  118 

118 

3 

42 

105  102 

102 

3 

41 

109  102 

102 

4 

86 

90 

4 

86 

90 

Av.  50 

130  101 

103 

“  Experiments  done  on  yeast  110,  and  assays  carried 

out  according  to 

original  procedure  (2  3). 

Table  IV. 

Effect  of 

Fatty  Materials  on 

Recovery  of 

Pantothenic  Acid 

Pantothenic 

- — Fatty  Material  Added - > 

Acid 

Pantothenic 

per  Tube 

Added  per 

Acid 

Type 

Amount 

Tube 

Recovered 

M  icrogram 

% 

Oleic  acid 

28.2 

0.025 

116 

28.2 

0.050 

100 

28.2 

0.075 

94 

28.2 

0.100 

92 

56.4 

0.025 

176 

56.4 

0.050 

156 

56 . 4 

0.075 

118 

56.4 

0.100 

97 

112.8 

0.025 

84 

112.8 

0.050 

183 

112.8 

0.075 

132 

112.8 

0.100 

100 

169.2 

0.025 

125 

169.2 

0.050 

192 

169.2 

0.075 

138 

169.2 

0.100 

105 

Ml. 

Ether  extract 

1 

0.100 

96 

of  yeast" 

2 

0.100 

94 

3 

0.100 

94 

1 

0.050 

153 

2 

0.050 

136 

3 

0.050 

127 

4 

0.050 

131 

3 

0.025 

159 

a  1  ml.  contains  extractable  substances  from  1  mg.  of  dried  yeast  obtained 
as  described  in  text. 
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achieve  maximum  values.  It  has  not  yet  been  possible  to  carry 
out  by  the  improved  assay  procedure  an  extended  comparison  of 
the  effectiveness  of  various  types  of  enzyme  treatment  of  differ¬ 
ent  samples.  Whether  the  clarase  digestion  described  represents 
the  optimum  method  for  liberating  combined  pantothenic  acid 
must  be  left  an  open  question  at  present. 


Table  V.  Agreement  at  Increasing  Levels  of  Sample 


Test  . - Pantothenic  Acid  Found 


Solution 
Added 
per  Tube 

Ml. 

0.5 

Fresh 

hog 

liver 

Hydrolyzed  Canned 

hog  tomato  Canned 

liver®  juice  peas 

Oil-packed 

sardines 

15 

1.3  0.49  0.90 

3.2 

1.0 

17 

1.6 

0.45 

0.90 

2.8 

1  5 

17 

1.5 

0.43 

2.7 

2.0 

15 

1.6 

0.43 

1.08 

2.9 

2.5 

17 

1.5 

0.42 

3.0 

3.0 

16 

1.5 

0.42 

0.96 

3.0 

3.5 

15 

1.4 

2.9 

4.0 

16 

1.4 

0.84 

3.2 

Av. 

16 

1 . 5 

0.44 

0.96 

3.0 

°  Suspended  in  6.7  volumes  of  2  N  sodium  hydroxide,  autoclaved  1.5 
hours  at  15  pounds  per  sq.  inch  pressure,  filtered  at  pH  4.8,  and  neutralized. 


Table  VI.  Effect  of  Enzyme  Treatment  on  Determination 
of  Pantothenic  Acid  in  Foods 

. - Pantothenic  Acid  Found - . 

Sample  Direct  Clarase-treated“ 

Micrograms  per  gram 


Sardines 

3.0 

6 . 5 

Pineapple 

0.56 

0.8 

Beets 

0.89 

0.94 

Peas 

0.98 

1.8 

Spinach 

0.42 

0.55 

Yeast  no.  110 

52 

98 

Yeast  no.  107 

54 

130 

Tuna  fish 

1.5 

2.4 

<*  Corrected  for  pantothenic  acid  content  of  enzyme  preparation  used. 


That  the  enzyme  does  not  destroy  pantothenic  acid,  and  that 
no  appreciable  amount  of  vitamin  is  lost  by  the  filtration  of  the 
test  suspension,  are  indicated  by  the  recoveries  given  in  Table 
VII.  The  recovery  on  clarase  was  made  by  treating  5  micro- 
grams  of  calcium  pantothenate  with  2  grams  of  clarase. 

The  results  in  Table  V  relating  to  alkali-hydrolyzed  fresh  liver 
are  noteworthy.  It  was  possible  to  carry  out  an  entirely  satis¬ 
factory  analysis  on  this  material,  and  recovery  of  added  calcium 
pantothenate  was  good.  This  is  in  sharp  contrast  to  previous 
experience  (13).  The  slight  residual  activity  is  not  destroyed  by 
further  treatment  with  alkali  under  conditions  which  result  in 
complete  inactivation  of  pantothenic  acid. 

No  effort  has  been  made  in  the  present  work  to  extend  the 
range  of  the  standard  curve  to  titration  levels  appreciably  above 

10  ml.,  although  it  is  well  known  that  if  both  the  glucose  and 
pantothenic  acid  are  increased  much  larger  amounts  of  lactic 
acid  will  be  formed.  Extending  the  titration  range  above  10  or 

11  ml.  is  considered  inadvisable,  since  the  large  amount  of  acid 
formed  may  unfavorably  influence  the  growth  and  vigor  of  the 
test  organism.  Furthermore,  no  one  has  yet  succeeded  in  de¬ 
vising  a  basal  medium  which  will  permit  a  continuation  of  the 
linear  response  to  still  higher  titration  values.  By  linear  response 
is  meant  a  constant  ratio  between  added  increments  of  the  vitamin 
to  be  determined  and  the  extra  acidity  thereby  produced. 

It  is  important  that  this  ratio  be  as  high  as  possible  in  order  for 
the  assay  to  be  sensitive,  accurate,  and  specific.  For  example, 
the  titration  values  for  the  standard  curve  (Figure  1,  curve  1)  go 
from  2.0  to  8.7  ml.  as  the  amount  of  calcium  pantothenate  is  in¬ 
creased  from  0.01  to  0.08  microgram.  This  corresponds  to  an 
average  increased  titration  in  this  region  of  the  curve  of  (8.7  — 
2.0)  -5-  (0.08  —  0.01)  X  100  =  0.956  ml.  of  0.1  N  acid  for  each 
additional  0.01  microgram  of  calcium  pantothenate.  This  figure 
is  much  higher  than  corresponding  values  which  may  be  cal¬ 
culated  in  the  same  manner  from  the  data  given  in  previous 
papers — viz.,  0.56  (13),  0.49  (8),  and  0.0715  (7)  ml.  per  0.01  micro- 
gram.  Thus,  for  example,  in  the  present  method  the  bacteria 
produce  about  14  times  as  much  lactic  acid  for  a  given  increment 


Table  VII.  Recovery  of  Added  Pantothenic  Acid 

Sample 

Treatment 

Recovery 

% 

Dried  yeast  110 

Clarase 

102 

Dried  human  feces 

Direct 

99 

Oil-packed  sardines 

Direct 

103 

Clarase 

90 

Canned  beets 

Direct 

98 

Clarase 

100 

Canned  peas 

Direct 

92 

Clarase 

101 

Canned  pineapple 

Clarase 

100 

Clarase 

99 

of  pantothenic  acid  as  they  do  on  Medium  C  of  Light  and 
Clarke  (7).  These  calculations  apply  only  to  the  recommended 
assay  range  in  each  case — i.  e.,  to  conditions  under  which  panto¬ 
thenic  acid  supposedly  is  the  only  factor  limiting  acid  production. 

It  is  obvious  that  a  large  discrepancy  still  exists  between  the 
pantothenic  acid  content  of  the  yeast  samples  in  Table  II  as 
determined  by  the  present  microbiological  method  and  by  the 
chick  assay.  What  the  cause  of  this  discrepancy  may  be,  and 
whether  it  will  persist  when  a  large  variety  of  other  natural 
materials  are  assayed  by  improved  animal  methods,  must  be  left 
an  open  question  at  present. 

Summary 

The  procedure  for  carrying  out  the  microbiological  deter¬ 
mination  of  pantothenic  acid  has  been  modified  by  additions 
to  the  basal  medium  and  improvements  in  the  method  of  grow¬ 
ing  inoculum.  The  modified  method  is  capable  of  measuring 
smaller  amounts  of  pantothenic  acid  and  gives  perfectly  con¬ 
cordant  results  at  increasing  levels  of  sample. 

The  apparent  increase  in  pantothenic  acid  following  enzyme 
digestion  as  measured  by  the  original  method  is  shown  to  be 
largely  due  to  the  liberation  of  fat-soluble  and  water-soluble 
stimulants.  Methods  of  avoiding  these  effects  have  been 
worked  out,  and  an  enzyme  treatment  which  results  in  an  actual 
increase  of  free  pantothenic  acid  in  many  samples  is  described. 

Acknowledgment 

The  authors  wish  to  express  their  appreciation  to  F.  W. 
Quackenbush  for  a  sample  of  pure  ethyl  oleate,  to  T.  H.  Jukes 
for  carrying  out  the  chick  assays  reported  in  this  paper,  and  to 
the  National  Oil  Products  Co.  for  the  gift  of  the  Vitab. 

Literature  Cited 

(1)  Andrews,  J.  S.,  Boyd,  H.  M.,  and  Terry,  D.  E.,  Ind.  Eng.  Chem., 

Anal.  Ed.,  14,  271  (1942). 

(2)  Bauernfeind,  J.  C.,  Sortier,  A.  L.,  and  Boruff,  C.  S.,  Ibid.,  14, 

666(1942). 

(3)  Black,  A.,  personal  communication. 

(4)  Cheldelin,  V.  H.,  Eppright,  M.  A.,  Snell,  E.  E.,  and  Guirard 

B.  M.,  University  of  Texas,  Publ.  4237,  p.  23  (1942). 

(5)  Clarke,  M.  F.,  Lechycka,  M.,  and  Light,  A.  E.,  ./.  Biol.  Chem.  , 

142,957(1942). 

(6)  Jukes,  T.  H.,  J.  Nutrition,  21,  193  (1941). 

(7)  Light,  A.  E.,  and  Clarke,  M.  F.,  J.  Biol.  Chem.,  147,  739  (1943). 

(8)  Pennington,  D.  E.,  Snell,  E.  E.,  and  Williams,  R.  J.,  Ibid.,  135, 

213  (1940). 

(9)  Potter,  V.  R.,  and  Elvehjem,  C.  A.,  Ibid.,  114,  495  (1936). 

(10)  Rohrmann,  E.,  Burget,  G.  E.,  and  Williams,  R.  J.,  Proc.  Soc. 

Exptl.  Biol.  Med.,  32,  473  (1934). 

(11)  Stokes,  J.  L.,  and  Martin,  B.  B.,  J.  Biol.  Chem.,  147,  483  (1943). 

(12)  Strong,  F.  M.,  and  Carpenter,  L.  E.,  Ind.  Eng.  Chem.,  Anal. 

Ed.,  14,  909  (1942). 

(13)  Strong,  F.  M.,  Feeney,  R.  E.,  and  Earle,  A.,  Ibid.,  13,  566 

(1941). 

(14)  Waisman,  H.  A.,  Henderson,  LaVelle  M.,  Mclntire,  J.  M., 

and  Elvehjem,  C.  A.,  J.  Nutrition,  23,  239  (1942). 

(15)  Wegner,  M.  I.,  Kemmerer,  A.  R.,  and  Fraps,  G.  S.,  J.  Biol. 

Chem.,  144,  731  (1942). 

(16)  Willerton,  E.,  and  Cromwell,  H.  W.,  Ind.  Eng.  Chem.,  Anal. 

Ed.,  14,  603(1942). 

Presented  before  the  Division  of  Agricultural  and  Food  Chemistry,  Joint 

Program  on  Vitamins,  at  the  105th  Meeting  of  the  American  Chemical 

Society,  Detroit,  Mich. 


Glass  Standards  for  Fluorometric  Determinations 

ERICH  LOEWENSTEIN 

Scientific  Bureau,  Bausch  &  Lomb  Optical  Co.,  Rochester,  N.  Y. 


C1"^HE  application  of  fluorometric  analysis  is  increasing 
X  greatly  in  the  fields  of  microscopy  and  biochemistry. 
The  methods  offer  special  advantage,  since  they  make  it 
possible  to  determine  quantities  as  small  as  fractions  of  micro- 
grams.  To  carry  out  these  analyses,  a  new  class  of  instru¬ 
ments  of  the  fluorophotometer  type  has  become  popular. 
In  operation,  these  depend  on  the  evaluation  of  the  bright¬ 
ness  of  the  light  emitted  as  a  result  of  fluorescence,  the 
irradiating  source  usually  being  confined  to  the  near  ultra¬ 
violet  or  visible  blue  region  of  the  spectrum. 

In  order  to  secure  the  best  performance  with  these  in¬ 
struments,  it  is  necessary  to  calibrate  them  with  some  type  of 
standard.  Heretofore,  it  has  been  customary  to  use  standard 
solutions  having  the  proper  color  and  intensity  of  fluorescence. 
These  are  tedious  to  prepare,  as  the  substances  must  be 
weighed  accurately  and  the  solutions  must  be  diluted  by 
means  of  very  precise  pipets,  burets,  and  measuring  flasks. 

Furthermore,  these  standard  solutions  are  difficult  to  main¬ 
tain  in  standard  form,  as  many  of  them  fade  or  decompose 
under  the  influence  of  light.  In  one  case,  that  of  thiamine 
hydrochloride  [vitamin  Bx  (S)],  the  standard  has  been  a 
solution  of  either  quinine  sulfate  or  thiochrome  of  proper 
concentration.  Quinine  sulfate  is  now  difficult  to  obtain, 
and  furthermore,  both  solutions  tend  to  fade.  Therefore, 
standards  of  fluorescent  glass  have  been  used  for  fluorescent 
analysis — for  instance,  a  block  of  uranium  glass  is  furnished 
with  the  Pulfrich  photometer  as  a  fluorescent  standard. 

Strength  of  Fluorescence 

Most  transparent  glasses  exhibit  strong  fluorescence  which 
is  characteristic  of  the  particular  sample.  This  does  not 
mean  that  all  melts  of  a  given  type  of  glass  will  fluoresce  in 
the  same  manner.  The  strength  of  fluorescence  is  primarily 
dependent  on  the  chemical  constitution  and  the  previous 
history  of  the  particular  glass  melt  of  which  it  is  a  part. 
Trace  elements,  time  and  temperature  of  melting,  annealing, 
cooling,  etc.,  all  affect  the  fluorescence  which  any  glass  may 
display  under  irradiation.  In  general,  however,  a  type  of 
glass  will  always  show  the  same  color  in  greater  or  less  degree. 

It  is  essential  that  the  glass  standards  be  and  stay  constant  . 
Beese  and  Harden  (2),  of  the  Westinghouse  Lamp  Divi¬ 
sion,  Bloomfield,  N.  J.,  found  that  fluorescent  canary  glass 
fatigued  when  exposed  to  continuous  ultraviolet  radiations — ■ 
that  is,  the  loss  in  fluorescence  increased  with  time  and  with 
intensity  of  irradiation.  The  glasses  used  for  standards, 
however,  did  not  show  this  fatigue.  Experiments  made 
over  a  long  period  of  time  have  proved  that  these  standards 
are  perfectly  constant  and  will  give  consistently  reproducible 
values. 

In  the  effort  to  find  glass  of  suitable  coloration  and  bright¬ 
ness,  by  which  liquid  standards  could  be  replaced,  a  large 
group  of  optical  and  ophthalmic  glasses  has  been  studied. 
From  these  studies,  it  has  been  possible  to  select  individual 
melts  of  particular  types  of  glass  which  are  suitable  as  stand¬ 
ards  in  the  fluorometric  determination  of  thiamine  hydro¬ 
chloride  (vitamin  Br)  and  riboflavin  [vitamin  B2  (I,  4) J- 
These  are  now  manufactured  in  the  form  of  blocks  and  will 
take  the  place  of  the  cuvettes  normally  used  to  hold  these 
standard  solutions,  thereby  effecting  a  substantial  saving. 

When  compared  against  a  1  microgram  per  milliliter  stand¬ 
ard  of  thiamine  hydrochloride  the  selected  glasses  give  a 


value  of  about  0.5  or  1.0  microgram  per  milliliter.  Another 
type  of  glass  which  is  available  in  various  intensities  of  color 
gives  a  range  of  0.1  to  0.5  microgram  per  milliliter  for  ribo¬ 
flavin. 

Wave-Length  Bands 

The  wave-length  bands  of  the  fluorescent  light  produced  by 
the  various  standards  have  been  determined  with  a  wave¬ 
length  spectrometer  (Table  I).  The  experiments  were  made 
with  the  proper  filters  used  for  the  determination  of  vitamins 
Bi  and  B2.  For  comparison  purposes,  the  wave-length  bands 
of  the  standard  solutions  of  quinine  sulfate,  thiochrome,  and 
riboflavin  are  also  given. 

No  attempt  is  made  in  the  preparation  of  these  standards 
to  provide  calibration  factors.  Since  this  is  primarily  de¬ 
pendent  on  the  individual  instruments,  it  is  left  to  the  user  to 
make  his  own  calibration  against  standard  solutions  of 
thiamine  hydrochloride  or  riboflavin  in  the  instrument  in 
which  the  standards  will  be  used.  They  have  the  approxi¬ 
mate  values  given  above,  but  vary  somewhat  as  new  melts 
of  the  selected  glass  are  substituted  for  the  original.  Once 
such  a  standard  has  been  properly  calibrated  by  means  of 
accurately  known  solutions  and  under  prescribed  working 
conditions,  it  will  serve  as  a  permanent  secondary  working 
standard  against  which  the  particular  instrument  may  be 
quickly  and  easily  checked  at  any  time. 


Table  I.  Wave-Length  Bands  of  the  Fluorescent  Light 
of  the  Glass  Standards  and  Standard  Solutions 

Wave-Length 

Standards  Band 

A. 

For  Vitamin  Bi 

For  irradiating  light  beam:  Corning  filter,  Red  Ultra  No.  5840.  For 

fluorescent  light:  Corning  filter,  Noviol  Shade  A  No.  3389  and  filter 
Light  Shade  Blue  Green  No.  4308;  slit  width  0.1  to  0.2  mm. 

Glass  standard  I  (approximately  0.5  micro¬ 
gram  of  thiamine  per  ml.) 

Glass  standard  II  (approximately  1  micro- 
gram  of  thiamine  per  ml.) 

Standard  solution  of  quinine  sulfate  (1  micro- 
gram  of  thiamine  per  ml.) 

Standard  solution  of  thiochrome  (1  micro- 
gram  of  thiamine  per  ml.) 

For  Vitamin  B2 

For  irradiating  light  beam:  Corning  filter,  Violet  No.  oil  and  Noviol  Shade 

A  No.  3389.  For  fluorescent  light:  Corning  filter,  Noviol  Shade  D  No. 

3384;  slit  width  0.2  to  0.3  mm. 

Glass  standard  III  (approximately  0.1  micro- 
gram  of  riboflavin  per  ml.) 

Glass  standard  IV  (approximately  0.5  micro- 
gram  of  riboflavin  per  ml.) 

Standard  solution  of  riboflavin  (0.1  micro¬ 
gram  of  riboflavin  per  ml.) 

Standard  solution  of  riboflavin  (1.0  microgram 
of  riboflavin  per  ml.) 
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INFRARED  SPECTROSCOPY 

Industrial  Applications 

R.  Bowling  Barnes,  Urner  Liddel1,  and  V.  Z.Williams 

STAMFORD  RESEARCH  LABORATORIES,  AMERICAN  CYAN  AMID  COMPANY,  STAMFORD,  CONN. 


Infrared  spectroscopy  has  proved  a  powerful  tool 
in  solving  problems  of  organic  chemistry  and  finds 
a  widening  field  in  industry.  The  theory  of  infra¬ 
red  absorption  and  its  relation  to  molecular  struc¬ 
ture  are  discussed  to  provide  the  essential  back¬ 
ground  for  detailed  descriptions  of  techniques 


THE  last  half  dozen  years  have  seen  a  rapid  rise  in  the  con¬ 
tributions  of  physicists  to  the  chemical  industry.  Many 
important  problems,  which  had  previously  been  attacked 
solely  by  chemical  methods,  are  now  being  studied  and  solved  by 
the  methods  of  both  physics  and  chemistry  or  by  the  tools  of 
physics  alone.  Physical  instruments  in  increasing  variety — 
among  them  optical  and  electron  microscopes,  mass  spectrom¬ 
eters,  Geiger  counters,  polarographs,  colorimeters,  and  optical 
spectrometers  of  many  kinds — are  proving  more  useful  every  day 
as  their  potentialities  and  capabilities  are  tested  and  proved. 

The  approach  of  the  physicist  to  a  problem  is  inherently  dif¬ 
ferent  from  that  of  the  chemist.  The  physicist  concentrates 
upon  the  physical  characteristics  of  the  material  itself,  its  ab¬ 
sorption  spectrum,  x-ray  diffraction  pattern,  exact  mass,  elec¬ 
tronic  configuration  and  properties,  whereas  the  chemist  studies 
the  material  in  reaction  with  other  substances.  From  these  re¬ 
actions  the  chemist  deduces  a  wealth  of  information  relating  to 
the  original  material  in  question.  His  apparatus  in  general  is 
relatively  simple.  On  the  other  hand,  the  physicist  may  require 
elaborate  apparatus  of  special  design,  but  once  this  apparatus  is 
constructed,  its  applications  are  versatile  and  the  physicist’s 
methods  become  direct,  accurate,  rapid,  and  usually  require  only 
small  samples.  Fortunately,  the  results  obtained  from  these 
two  methods  of  approach  supplement  each  other  and  suffice  in 
most  cases  to  furnish  the  desired  information. 

Whether  or  not  one  agrees  that  this  is  “a  physicist’s  war”,  cer¬ 
tainly  it  is  a  time  when  physical  instruments  are  of  enormous 

1  Absent  on  leave. 


useful  in  analysis.  Finally  a  library  of  363 
representative  spectrographs  of  organic  com¬ 
pounds  taken  in  the  rock  salt  region  of  the  infra¬ 
red  spectrum  is  presented  for  comparison  with 
those  obtained  from  unknown  compounds  under 
investigation. 

usefulness.  Devices  capable  of  automatic  operation  have  al¬ 
ready  proved  their  merit  in  practically  every  field  of  endeavor. 
In  the  chemical  industry,  today  more  than  ever  before,  is  the 
need  for  speed  and  accuracy  keenly  felt.  The  urgency  of  the  de¬ 
mands  for  multiplied  production  and  the  stringent  shortage  of 
manpower  have  necessitated  abbreviation  of  the  usual  sequence 
from  the  research  laboratory  through  the  pilot  plant  to  the  final 
production.  Short  cuts  must  be  taken  and  sometimes  the  pilot- 
plant  stage  must  be  eliminated  entirely.  The  production  engi¬ 
neer  must  have  immediate  and  continuous  checks  on  the  quality 
of  his  product  in  order  to  duplicate  efficiently  the  results  of  the  re¬ 
search  laboratory.  Delay  in  obtaining  analytical  results  quickly 
might  lead  to  the  waste  of  large  quantities  of  valuable  raw  mate¬ 
rials  and  products.  Here  the  saving  of  time  by  the  physicist  s 
methods  is  proving  invaluable.  But  here,  too,  the  problems  of 
the  industrial  physicist  are  greatly  multiplied.  He  must  not 
only  adapt  his  tools  or  instruments  to  solve  specific  problems 
under  ideal  conditions  in  the  research  laboratory,  but  he  must 
also  modify  them  to  function  dependably  under  conditions  of 
production  analysis  and  control. 

A  typical  application  of  physics  on  a  widening  scale  in  industry 
is  infrared  spectroscopy.  One  of  the  first  industrial  infrared 
spectrometers  was  constructed  in  this  laboratory  in  the  latter 
part  of  1936.  Numerous  applications  of  this  instrument  have 
been  eminently  successful  and  have  become  familiar  to  a  large 
number  of  chemists.  Daily,  this  tool  is  performing  analyses  im¬ 
possible  byr  any  other  method.  More  common  analyses  are  being 
completed  in  a  few  minutes  which  previously  required  hours. 
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Interest  in  the  potentialities  of  this  physical  tool  has  become  so 
widespread  that  infrared  spectrometers  may  now  be  found  in  the 
laboratories  of  an  impressive  list  of  American  companies,  and  the 
time  will  soon  arrive  when  such  instruments  will  be  standard 
equipment  in  most  laboratories  and  plants. 

The  underlying  basis  of  applied  infrared  spectroscopy  is  the 
fact  that  practically  all  organic  substances  possess  selective  ab¬ 
sorption  at  certain  frequencies  in  the  infrared  portion  of  the  elec¬ 
tromagnetic  spectrum.  Experimentally,  as  will  be  shown  be¬ 
low,  a  spectrometer  is  used  to  determine  the  per  cent  transmis¬ 
sion  or  absorption  of  the  sample  at  a  series  of  narrow  frequency 
intervals  throughout  a  chosen  part  of  the  spectrum.  A  plot  of 
these  transmission  or  absorption  values  versus  frequency  or 
wave-length  units  constitutes  an  infrared  spectrum,  which  is 
characteristic  of  the  sample  being  studied  and  which  may  be 
used  to  describe  the  sample  in  much  the  same  manner  as  boiling 
point,  refractive  index  value,  or  melting  point.  Because  the  in¬ 
dividual  absorption  bands  of  which  such  spectrum  is  composed 
arise  from  the  mutual  motion  of  the  atoms  within  the  molecule, 
these  spectral  characteristics  bear  a  direct  relationship  to  the 
atomic  masses,  the  molecular  configuration  in  space,  and  the 
binding  forces  present. 

Applications  of  infrared  spectroscopy  can  be  divided  into  two 
general  categories,  qualitative  and  quantitative. 

QUALITATIVE  APPLICATIONS  OF  INFRARED 
SPECTROSCOPY 

(a)  “Fingerprinting"  of  compounds 

The  infrared  absorption  spectrum  of  a  given  compound  is  a 
unique  fingerprint  which  cannot  be  duplicated  by  any  other  com¬ 
pound.  This  characteristic  is  invaluable  in  identifying  un¬ 
knowns.  Once  a  large  library  of  absorption  curves  for  known 
compounds  has  been  amassed,  frequently  only  minutes  are  re¬ 
quired  to  match  the  absorption  spectrum  of  an  unknown  with  one 
of  the  known  curves.  Even  in  cases  where  no  satisfactory  match 
is  found,  assurance  that  the  unknown  is  not  one  of  a  list  of  known 
compounds  is  useful  information. 

Since  the  samples  required  are  small  and  are  in  no  way  dam¬ 
aged  or  harmed,  this  method  of  analysis  is  particularly  useful  in 
connection  with  chemical  research  where  limited  amounts  of 
material  are  available. 

(b)  Recognition  of  specific  chemical  bonds,  linkages,  or  groups 

Comparisons  of  spectra  of  large  numbers  of  pure  compounds 
have  shown  that  absorption  bands  occurring  at  certain  frequen¬ 
cies  can  be  correlated  with  certain  bonds  or  atomic  groups  within 
the  molecule.  For  example,  a  glance  at  an  absorption  spectrum 
gives  an  indication  of  the  presence  or  absence  of  such  groups  as 
O — H,  N — H,  C=N,  C=0,  CH3,  etc.  Observed  absorption 
characteristic  of  hydrocarbon  unsaturation  can  be  ascribed  to 
either  aliphatic  or  aromatic  structures.  More  particularly,  the 
position  of  the  absorption  band  of  a  carbonyl  group  in  general  in¬ 
dicates  whether  it  forms  part  of  an  anhydride,  ester,  ketone,  al¬ 
dehyde,  or  acid.  The  appearance  of  the  “methyl  band”  dis¬ 
tinguishes  between  the  terminal  methyl  groups  of  a  straight 
chain  and  an  isopropyl  or  tertiary  butyl  group.  Although  all 
the  structural  units  of  a  sample  may  not  be  determined  in  this 
manner,  at  least  a  considerable  number  of  the  more  common 
ones  can  be  identified. 

(c)  Gross  structural  features 

The  appearance  and  analysis  of  the  absorption  spectrum  can 
often  be  used  to  determine  or  verify  the  spatial  configuration  of 
the  atoms  within  a  molecule.  Examples  are  cis-trans  or  ortho-, 
meta-,  and  para-isomerism,  the  planarity  of  the  aromatic  ring, 
keto-enol  tautomerism,  hydrogen  bonding,  etc. 


(d)  Qualitative  analysis  of  mixtures 

Except  in  special  cases  of  strong  intermolecular  interaction, 
the  absorption  spectrum  of  a  mixture  is  equivalent  to  a  simple 
superposition  of  the  spectra  of  its  individual  components.  Hence 
it  is  possible,  by  comparing  the  spectrum  of  a  mixture  with  the 
library  of  spectra  of  pure  compounds,  to  determine  not  only  the 
components  but  also  their  relative  concentrations. 

QUANTITATIVE  APPLICATIONS  OF  INFRARED 
SPECTROSCOPY 

(a)  Analysis 

A  mixture  of  materials  can  be  analyzed  quickly  and  accurately 
so  long  as  the  components  present  in  the  mixture  are  known. 
From  a  study  of  the  spectra  of  the  known  compounds,  it  is 
usually  possible  to  find  a  frequency  at  which  only  one  component 
possesses  strong  absorption.  By  setting  the  spectrometer  at  this 
particular  frequency  and  comparing  the  absorption  of  an  un¬ 
known  with  that  of  known  prepared  standards,  the  amount  of  the 
particular  component  in  the  unknown  can  be  determined.  Usu¬ 
ally  another  characteristic  frequency  can  be  found  for  each  of  the 
other  components.  This  rapid  method,  modified  suitably  to 
meet  existing  conditions,  has  been  applied  with  an  accuracy  of 
1  per  cent  or  better  to  a  great  variety  of  mixtures  from  simple 
ones  of  two  hydrocarbon  components  to  complex  mixtures  con¬ 
taining  up  to  six  terpenes.  It  is  particularly  useful  for  analyzing 
close  boiling  isomeric  mixtures  for,  as  mentioned  above,  the  ab¬ 
sorption  spectra  are  functions  of  geometrical  configuration  and 
are  not  related  to  boiling  points.  A  characteristic  curve  of  ab¬ 
sorption  versus  concentration  shows  the  method  to  be  particu¬ 
larly  accurate  for  measuring  small  amounts  of  impurities,  such  as 
water  in  oils,  oxidation  products,  etc. 

(b)  Measurements  of  reaction  rates 

The  principle  outlined  above  can  be  used  for  measuring  rates 
of  reaction  or  polymerization  as  a  function  of  temperature,  pres¬ 
sure,  or  the  catalyst  used.  Samples  may  be  taken  from  the  re¬ 
action  chamber  at  suitable  time  intervals,  and  the  amounts  of 
the  reactants  consumed  and  new  products  formed  quickly  deter¬ 
mined.  Since  the  amount  of  sample  required  is  so  small  (less 
than  1  gram)  its  removal  from  the  reacting  mass  has  a  negli¬ 
gible  effect  on  the  reaction. 

(c)  Determination  of  thermodynamic  data 

A  knowledge  of  the  exact  values  of  the  infrared  absorption  fre¬ 
quencies  provides  part  of  the  information  needed  for  a  mathe¬ 
matical  calculation  of  the  thermodynamic  constants  of  the  mate¬ 
rial. 

(d)  Process  analysis  and  control 

The  analytical  methods  described  can  be  used  in  the  plant  as 
well  as  in  the  research  laboratory.  Small,  sturdy  spectrometers 
which  can  be  set  at  fixed  frequencies  have  been  constructed  for 
such  work.  Frequently,  such  control  analyses  may  be  made  from 
a  by-pass  in  the  production  line  to  give  a  continuous  record  of 
the  concentration  of  one  component  as  a  function  of  time.  The 
output  of  these  spectrometers  is  an  electrical  current,  which  may 
be  used  to  provide  automatic  control  through  suitable  relays. 

The  basic  methods  described  in  this  paper  have  been  in  use  in 
these  laboratories  since  1937,  and  are  considered  to  be  especially 
valuable  in  the  present  emergency.  This  paper  provides  work¬ 
ing  descriptions  of  the  various  experimental  techniques  involved 
and  a  brief  discussion  of  the  theoretical  basis  of  infrared  spec¬ 
troscopy.  Within  the  scope  of  a  single  paper,  however,  no  at¬ 
tempt  can  be  made  to  present  a  complete  survey  of  this  field,  nor 
to  describe  each  of  the  many  types  of  instruments  now  in  use. 
Rather,  the  content  is  restricted  to  a  discussion  of  the  applica- 
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ions  made  in  this  laboratory.  Obviously,  one  of  the  fundamen- 
il  requirements  for  the  successful  application  of  infrared  spec- 
roscopy  is  a  knowledge  of  the  absorption  spectra  of  a  large  num- 
er  of  pure  compounds.  Accordingly  a  library  of  363  spectra  has 
een  included. 

EXPERIMENTAL  EQUIPMENT  AND  TECHNIQUE 

A  graph  of  the  complete  electromagnetic  spectrum  is  given  in 
figure  1.  Throughout  the  spectrum  the  fundamental  relation- 
hip  holds:  \v  =  c,  where  X  is  the  wave  length  of  the  radiation,  v 
3  the  frequency  of  vibration,  and  c  is  a  universal  constant,  the 
velocity  of  light.  Because  of  the  various  interactions  of  electro- 
nagnetic  radiation  with  matter,  each  portion  of  the  spectrum  is 
>f  interest  and  value  to  the  industrial  physicist. 

The  infrared  portion  of  the  spectrum  extends  from  the  long 
vave-length  limit  of  sensitivity  of  the  human  eye  to  the  region 
>f  ultra  short  radio  waves — that  is,  from  about  7500  A.  (0.75m) 

,o  about  350,000  A.  (350m).  The  units  most  often  used  in  desig- 
lating  portions  of  the  infrared  spectrum  are:  wave-length 
init,  micron  or  m  (l/“  =  10,000  A.  =  10  4  cm.);  and  eo- 

:alled  frequency  unit,  wave  number  or  cm.-1  [1  cm.-1  =  1/X(cm.)]. 

The  various  subdivisions  of  the  infrared  spectrum  are  shown 
n  Figure  1  with  dotted  lines  and  are  described  above  the 
;raph.  Within  very  approximate  limits  these  are:  the  photo¬ 
graphic  region  from  0.75m  to  1.3m;  the  overtone  region  from  1.3m 
,o  2.5m;  the  fundamental  vibration  region  from  2.5m  to  about 
25m;  and  the  rotational  region  from  25m  to  350m-  Although 
?ach  is  important  and  capable  of  yielding  much  valuable  informa¬ 
tion,  primary  interest  centers  in  the  fundamental  vibration  re¬ 
gion.  Because  of  the  limitations  of  radiation  sources  and  prism 
materials,  a  portion  of  this  range,  from  2.5m  (4000  cm.-1)  to  15m 
(667  cm.-1),  has  been  most  thoroughly  investigated. 

The  infrared  spectrometer  used  in  work  in  this  field  consists 
essentially  of:  (1)  a  source  emitting  a  continuous  range  of  wave 
lengths  desired;  (2)  a  dispersing  means2  to  spread  out  this  radia¬ 
tion  in  order  to  provide  narrow  wave-length  bands  at  accurately 
known  wave-length  positions;  (3)  a  means  for  interposing  a 
sample  of  suitable  thickness  into  the  path  for  this  radiation, 
and  (4)  a  detector  and  amplifier  to  measure  accurately  the  in¬ 
tensity  of  radiation  in  each  narrow  band.  Indicative  of  the  diffi¬ 
culties  of  infrared  technique  is  the  fact  that  no  standardized  re¬ 
search  spectrometers  are  available  today.  In  other  branches  of 
spectroscopy,  it  is  customary  to  mention  a  medium  Hilger,  a 
large  Bausch  &  Lomb  quartz  spectrograph,  or  a  General  Elec¬ 
tric  recording  spectrophotometer  and  let  a  reference  to  the  litera¬ 
ture  suffice  as  a  description  of  the  instrument.  In  contrast  to 
this,  the  various  infrared  laboratories  use  instruments  con¬ 
structed  according  to  the  individual  ideas,  designs,  and  demands 
of  each  investigator.  Unfortunately,  this  paper  cannot  include 
descriptions  of  all  the  various  types  of  instruments  in  use,  nor 
can  it  single  out  any  one  as  being  the  best.  However,  a  discus¬ 
sion  is  given  of  the  spectrometer  which  was  used  in  obtaining  the 
absorption  spectra  given  below. 

THE  SPECTROMETER 

A  schematic  drawing  of  the  optical  path  of  the  spectrometer  is 
shown  in  Figure  2.  The  source  is  an  electrically  heated  commer- 


2  The  dispersing  medium  may  be  either  a  grating  or  a  prism.  A  grating 
provides  greater  dispersion  but  its  use  involves  more  experimental  diffi¬ 
culties  because  of  the  necessity  of  eliminating  higher  order  radiation.  For 
.this  reason  prisms  are  more  generally  used  in  industrial  spectroscopy.  A 
list  of  prism  materials  together  with  their  long  wave-length  transmission 
1  cutoffs  is  given  (glass  1.5m.  Quartz  3m,  lithium  fluoride  5m,  fluorite  9m» 
sodium  chloride  15m,  and  potassium  bromide  25m).  Ideally,  best  dispersion 
is  obtained  by  using  one  material  up  to  its  cutoff  and  then  switching  to  the 
next  material.  For  a  single  prism  instrument,  rock  salt  is  most  generally 
used  because  it  provides  the  best  combination  of  dispersion  and  accessible 
region. 


cial  Globar  (a  silicon  carbide  rod)  having  a  power  consumption 
of  about  400  watts  at  115  volts  controlled  by  a  voltage  regulator. 
The  Globar  is  thinned  in  the  central  section  in  order  to  raise  the 
intensity  of  radiation  from  the  actual  source  area.  The  radia¬ 
tion  from  this  source  is  reflected  by  the  plane  mirror,  Mi,  to  the 
spherical  mirror,  M2,  which  focuses  the  beam  at  the  position 
marked  “cell”.  The  sample  is  introduced  here  by  means  of  an 
electrically  driven  way  with  three  stop  positions  so  that  a  shutter, 
absorption  cell,  or  a  control  cell  can  be  placed  in  the  same  posi¬ 
tion  in  the  light  path.  The  radiation  transmitted  through  the 
cell  is  then  focused  by  M3  on  the  entrance  slit  at  S.  S  is  a 
double  slit  having  a  common  center  and  two  movable  outer  jaws. 
The  entrance  slit  is  curved  to  compensate  for  the  image  curva¬ 
ture  introduced  by  the  prisms.  The  radiation  from  S  enters  the 
spectrometer  proper  through  a  slot  in  the  plane  mirror,  M8,  is 
rendered  parallel  by  the  spherical  mirror,  M4,  whose  focal  length 
is  40  cm.  The  beam  of  radiation  is  given  its  first  dispersion  on 
passing  through  the  two  prisms,  and  is  then  reflected  back 
through  the  prisms  by  the  plane  Littrow  mirror,  M6,  for  a  second 
dispersion.  The  dispersed  beam  traverses  the  path  from  Pi  to 
M5  to  Mh  through  the  slot  in  Ms,  and  passes  out  through  the  exit 
slit  at  S.  The  mechanical  widths  of  the  two  slits  control  the 
width  of  the  spectral  band  and  the  wave  length  or  frequency  of 
the  band  center  is  determined  by  the  rotational  setting  of  the 
Littrow  mirror,  M$.  The  narrow  band  of  energy  emerging  from 
S  is  then  reflected  at  a  small  angle  by  the  plane  mirror,  Mh  to 
the  elliptical  mirror,  M8,  which  focuses  a  greatly  reduced  image 
of  the  exit  slit,  S,  onto  a  compensated,  vacuum  thermocouple. 
The  entire  instrument,  except  for  the  source  and  the  absorption 
cell,  is  housed  in  an  airtight  aluminum  case  whose  interior  is 
freed  of  water  vapor  and  carbon  dioxide.  For  this  purpose,  air 
purified  over  large  quantities  of  phosphorus  pentoxide  and  soda 
lime  is  supplied  at  intervals  by  a  circulating  system.  The  radia¬ 
tion  from  the  source  enters  and  leaves  the  spectrometer  case 
through  rock  salt  windows. 
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Figure  1.  Graph  of  the  Electromagnetic  Spectrum 

Since  these  infrared  radiations  cannot  be  photographed  and 
there  is  no  photoelectric  element  sensitive  to  this  part  of  the  spec¬ 
trum,  the  detector  must  of  necessity  be  some  type  of  thermosensi¬ 
tive  element,  such  as  a  thermocouple,  bolometer,  or  radiometer. 

The  order  of  magnitude  of  the  energies  involved  illustrates  the 
difficulties  encountered  in  infrared  spectroscopy,  and  accounts 
for  the  slow  progress  in  this  field  as  compared  with  other  branches 
of  spectroscopy.  The  average  energy  in  the  dispersed  beam  pro¬ 
duces  a  voltage  at  the  thermocouple  of  about  1  microvolt  (10-6 
volt).3  Since  the  thermoelectric  coefficient  of  the  elements 
used  is  of  the  order  of  100  microvolts  per  degree  centigrade,  this 
represents  a  temperature  difference  between  hot  and  cold  junc¬ 
tions  of  the  thermocouple  of  roughly  0.01°  C.  Since,  as  will  be 
seen  later,  it  is  necessary  for  practical  purposes  that  energies  of 
this  order  of  magnitude  be  measured  with  an  accuracy  of 
0.5  per  cent,  the  limit  of  error  must  be  not  greater  than  5  X 
10-5°  C.  Small  changes  in  ambient  temperature  are  minimized 
by  using  a  two  junction  couple  connected  in  series  opposition,  only 


z  Electronic  amplification  of  this  output  is  difficult  because  of  the  low 
resistance  (10-20fi)  and  the  slow  period  (one  second)  of  the  average  thermo¬ 
couple. 
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one  of  the  hot  junctions  being  illuminated  by  the  radiation  being 
measured.  These  values  illustrate  the  excessive  care  necessary 
to  provide  adequate  thermal  and  electrical  shielding  and  to  pre¬ 
vent  the  couple  from  “seeing”  any  stray  radiation. 

To  measure  accurately  the  small  output  of  the  thermocouple, 
some  suitable  form  of  amplification  is  essential.  A  simple  method 
of  obtaining  this  magnification  is  the  conventional  photo  relay 
amplifier  shown  in  Figure  2.  The  voltage  from  the  thermocouple 
is  applied  to  the  primary  galvanometer,  Gi  (L  &  N,  0.17m  volt  per 
mm.,  3.5  seconds).  A  focused  beam  from  a  headlight  bulb,  s 
(operated  from  a  large  capacity  storage  battery),  is  reflected  from 
the  primary  galvanometer  mirror  onto  the  edge  of  a  barrier  layer 
cell,  Pc.  A  small  deflection  of  Gi  increases  the  illumination  on  Pc 
and  proportionately  increases  the  current  from  Pc,  which  is  fed 
directly  into  the  recording  galvanometer  G '»  (L  &  N,  0.003m 
volt  per  mm.,  2.5  seconds).  By  this  method  any  desired  degree 
of  angular  amplification  up  to  the  Brownian  motion  limit  of 
G\  can  be  achieved.  In  practice,  depending  upon  the  stability 
of  the  galvanometers,  an  amplification  factor  between  0  and  200 
is  generally  used. 

The  final  spectrogram  is  obtained  by  recording  the  deflections 
of  Gi  with  an  automatic  pen  recorder4  built  in  this  laboratory. 
A  pen  is  mounted  on  a  carriage  which  holds  a  twin  cathode  photo¬ 
electric  cell  (such  as  an  R.  C.  A.  920).  The  light  beam  reflected 
from  Gi  is  interrupted  at  sixty  cycles  and  is  focused  symmetri¬ 
cally  on  the  two  cathodes  so  that  the  outputs  of  the  twin  photo 
cells  are  equal.  Any  slight  deflection  of  the  beam  from  Gi  upsets 
the  balance  between  these  outputs.  This  difference  is  amplified 
by  one  of  two  Thyratron  circuits  and  fed  into  a  split-field,  series- 
wound  motor  so  geared  as  to  drive  the  carriage  in  a  direction  to  re¬ 
store  the  balance.  Thus  the  pen  carriage  follows  accurately  the 
deflections  of  the  reflected  beam  from  Gi  and  draws,  automati¬ 
cally,  a  continuous  record  of  the  galvanometer  deflections.  This 


4  The  basic  suggestion  for  this  recorder  was  obtained  from  a  paper  by 
D.  J.  Pompeo  and  C.  J.  Penther,  [Rev.  Sci.  Instruments,  13,  218  (1942)]. 


record  is  drawn  on  a  12  X  20  inch  chart,  carried  on  a  rotating 
drum  driven  by  the  same  synchronous  motor  which  controls  the 
frequency  settings  of  the  Littrow  mirror  of  the  spectrometer 
proper.  Suitable  calibration  marks  are  made  on  the  record  by  a 
small  solenoid  which  deflects  the  pen  at  specified  frequencies. 
This  solenoid  is  actuated  by  a  microswitch  which  is  closed  once 
during  each  rotation  of  the  Littrow  shaft.  A  Veeder  counter  op¬ 
erated  by  the  same  shaft  indicates  the  frequency  setting  at  all 
times. 

In  practice,  the  spectrometer  is  set  at  a  desired  frequency  and 
the  slit  width  and  amplification  factors  are  fixed  to  give  the  de¬ 
sired  spectral  slit  width  and  a  full  scale  galvanometer  deflection, 
respectively.  The  sample  is  then  interposed  in  the  path  of  the 
beam,  the  position  of  the  pen  for  zero  energy  is  marked  on  the 
chart  by  momentarily  inserting  an  opaque  shutter  in  the  light 
path,  and  a  switch  is  finally  thrown  to  start  the  motor.  The 
actual  record  is  a  graph  of  galvanometer  deflections  as  ordinates 
versus  frequency  units  as  abscissas. 

This  record  can  be  transformed  into  a  per  cent  transmission 
graph  by  a  series  of  calculations  using  an  energy  curve  covering 
the  same  spectral  region.  In  many  studies  this  conversion  of  the 
original  records  to  transmission  curves  is  unnecessary. 

PREPARATION  OF  SAMPLES 

Samples  can  be  studied  as  vapors,  liquids,  solutions,  or  solids. 
Windows  of  the  absorption  cell  can  be  made  of  any  material 
which  is  reasonably  transparent  in  the  region  of  the  spectrum  em¬ 
ployed.  In  addition  to  the  materials  already  mentioned  as  being 
suitable  for  prisms,  sheets  of  mica,  thin  nitrocellulose,  or  silver 
chloride  can  be  used  in  special  cases.  Examples  of  typical  infra¬ 
red  salt  window  absorption  cells  are  shown  in  Figure  3. 

Vapors  are  studied  in  glass  or  metal  tubes  whose  ends  are  closed 
by  cell  windows  attached  with  a  cement  such  as  Glyptal  or  Apie- 
zon.  Either  the  pressure  in  the  cell  or  the  length  of  the  cell  itself 
may  be  adjusted  to  give  the  desired  degree  of  absorption. 
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In  examining  liquids,  a  drop  or  two  of  the  sample  is  placed  on  a 
plate  of  salt  or  other  window  material  on  which  is  laid  a  U-shaped 
spacer  of  thin  metal  foil  to  give  the  required  thickness,  and  then 
another  salt  plate  is  clamped  on  top  of  this  assembly  under  uni¬ 
form  pressure.  Volatile  samples  are  put  in  special  cells  which  can 
be  sealed.  The  average  thickness  of  samples  of  liquids  is  about 

0.05  mm.  .  , 

Samples  are  occasionally  studied  in  solution  when  the  material 

is  a  solid  or  when  intermolecular  association  is  to  be  avoided. 
Use  of  this  method  is  greatly  restricted  since  no  available  solvent 
is  free  from  absorption  throughout  the  infrared  spectrum.  Sol¬ 
vents,  such  as  carbon  tetrachloride  or  carbon  disulfide  whose 
molecules  are  nonpolar  and  consist  of  a  small  number  of  heavy 

atoms,  are  most  suitable. 

It  is  possible  to  get  good  infrared  curves  from  solids  if  a  thin 
(ca.  0.03  mm.)  plate,  continuous  film,  or  very  finely  divided 
crystalline  sample  can  be  obtained.  Various  methods  are  e“- 
ployed  for  producing  these.  Resinous  samples  are  prepared  by 
laying  down  a  film  of  suitable  thickness  from  solution  and  allow¬ 
ing  the  solvent  to  evaporate.  Satisfactory  samples  of  rubbery 
materials  may  be  prepared  by  softening  the  material  to  a  gluey 
consistency  with  a  volatile  solvent,  spreading  a  thin  film  on  a 
salt  plate  and  evaporating  the  solvent  in  a  vacuum  desiccator. 
If  melting  does  not  alter  the  material,  the  sample  can  be  fused  be¬ 
tween  the  plates  of  a  capillary  salt  cell  and  allowed  to  cool,  or 
the  sample  can  be  melted  on  a  hot  salt  plate  and  smoothed  out 
with  a  knife  or  razor  blade  into  a  thin  layer.  Suitable  samples 
may  also  be  obtained  by  crystallizing  the*  material  from  solution. 
If  the  average  particle  size  of  the  crystals  formed  is  approxi¬ 
mately  the  same  as  the  wave  length  of  the  radiation  used  for 
study,  the  radiation  will  be  scattered  rather  than  transmitted. 


To  avoid  this,  the  crystals  must  be  either  considerably  larger  or 
smaller  than  the  wave  length  being  used.  Samples  of  insoluble, 
infusible  materials  may  be  prepared  for  examination  by  grind¬ 
ing  the  substance  to  as  fine  a  powder  as  possible,  then  mulling  it 
thoroughly  in  a  straight-chain  aliphatic  hydrocarbon,  such  as 
Nujol.  The  resulting  paste  is  pressed  between  two  salt  plates. 
The  Nujol  will  absorb  strongly  in  the  characteristic  region  of  the 
CH  frequencies  but  will  leave  the  rest  of  the  spectrum  clear  for 
absorption  by  the  sample. 

THE  ORIGIN  OF  INFRARED  SPECTRA 

The  atoms  of  any  molecule  not  at  absolute  zero  are  constantly 
oscillating  about  their  positions  of  equilibrium.  The  amplitudes 
of  these  oscillations  are  extremely  minute  (10~9  to  10“ 10  cm.)  and 
their  frequencies  are  high  (1013  to  1014  cycles  per  second).  Since 
these  frequencies  are  of  the  same  order  of  magnitude  as  those  of 
infrared  radiations,  some  direct  relationship  might  be  expected 
to  exist  between  the  motions  of  the  atoms  within  molecules  and 
their  effects  on  infrared  radiation  incident  upon  them.  Actually 
those  molecular  vibrations  which  are  accompanied  by  a  change  of 
dipole  moment,  so-called  “infrared  active”  vibrations,  absorb, 
by  resonance,  all  or  part  of  the  incident  radiation,  provided  the 
frequencies  of  the  latter  coincide  exactly  with  those  of  the  intra¬ 
molecular  vibrations.  Thus,  if  a  sample  of  molecules  of  a  single 
kind  is  irradiated  in  succession  by  a  series  of  monochromatic 
bands  of  infrared,  and  the  percentage  of  radiation  transmitted  is 
plotted  as  a  function  of  either  wave  length  or  frequency,  the  re¬ 
sulting  graph  may  be  interpreted  in  terms  of  intramolecular  mo¬ 
tion.  Although  these  atomic  motions  at  first  thought  seem  to  be 
very  complicated,  they  may  be  shown  by  detailed  analysis  to  be 


Figure  3.  Typical  Infrared  Absorption  Cells 

A.  Vapor  cell  ...  , 

B  Clamped  cell  for  qualitative  studies 
C.  Fixed  cell  for  quantitative  studies 
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summations  of  a  number  of  simple  oscillations.  •  Each  of  these 
simple  vibrations  is  referred  to  as  a  “fundamental”  or  “normal” 
mode  of  vibration.  Any  nonlinear  molecule  of  n  atoms  can  be 
shown  mathematically  to  possess  3n  —  6  such  normal  modes, 
whereas  a  linear  molecule  possesses  3n  —  5.  A  normal  mode 
of  vibration  is  defined  as  a  mode  in  which  the  center  of  gravity  of 
the  molecule  does  not  move,  and  in  which  all  of  the  atoms  move 
with  the  same  frequency  and  in  phase.  Except  for  cases  of  acci¬ 
dental  degeneracy,  each  normal  mode  is  independent  of  the 
others  in  that  any  one  can  occur  without  affecting  the  others. 
Hence  it  is  possible  for  all  of  these  vibrations  to  occur  simultane¬ 
ously  and  yet  for  each  one  to  retain  its  characteristic  frequency. 
An  analysis  of  an  infrared  spectrum  therefore  constitutes  an  an¬ 
alysis  of  the  mechanics  of  the  molecule  in  question. 

The  concept  of  a  normal  vibration  may  be  clarified  by  analogy 
with  a  mechanical  model.  Suppose  that  a  model  of  the  benzene 
molecule,  CeHe,  is  constructed  by  using  weights  in  the  ratio  of  12 
to  1,  respectively,  for  the  carbon  and  hydrogen  atoms,  these 
weights  being  held  in  proper  orientation  by  suitable  springs. 
Suppose  further  that  the  carbon-hydrogen  springs  are  now 
stretched  slightly  by  moving  each  of  the  six  pair  of  weights  so 
that  the  hydrogens  are  moved  twelve  times  as  far  from  the 
equilibrium  position  as  are  the  carbons.  If,  now,  the  weights  are 
released  simultaneously,  a  vibration  will  occur  in  which  the 
weights  move  back  and  forth  along  the  connecting  bonds.  The 
center  of  gravity  of  the  whole  model  remains  at  rest  and  the 
weights  move  only  along  the  line  of  the  connecting  springs,  since 
no  original  impetus  was  given  to  the  weights  in  any  other  direc¬ 
tion.  This  is  a  characteristic  vibration  of  the  model,  inasmuch 
as  it  has  a  definite  frequency  which  can  be  measured  by  a  strobo¬ 
scope,  and  it  does  not  excite  any  other  vibration  in  the  model. 
This  stretching  motion  is  exactly  analogous  to  one  of  the  3 n  —  6, 
or  30,  normal  modes  of  the  benzene  molecule.  Another  benzene 
vibration  can  be  visualized  readily  by  pulling  the  six  carbon 
weights  slightly  above  the  plane  of  the  model  while  the  hydrogen 
weights  are  pulled  twelve  times  as  far  below  the  plane  and  then 
releasing  all  twelve  weights  simultaneously.  Many  other  char¬ 
acteristic  benzene  vibrations  can  be  similarly  demonstrated. 

Finally,  suppose  that  the  model  is  struck  a  blow  with  a  ham¬ 
mer.  At  first  sight  the  weights  seem  to  be  performing  a  com¬ 
plicated  motion  having  no  apparent  relation  to  the  individual 
modes  referred  to  above.  However,  if  this  apparently  random 
motion  is  photographed  with  a  stroboscopic  camera  adjusted 
successively  for  each  of  the  frequencies  of  the  normal  modes,  each 
of  these  modes  of  vibration  will  be  found  to  be  faithfully  per¬ 
formed  by  the  weights. 

An  infrared  spectrometer  plays  the  same  role  with  respect  to 
the  actual  benzene  molecule  as  the  stroboscope  does  to  the  model. 
Thus,  by  measuring  the  frequencies  of  the  infrared  radiation  ab¬ 
sorbed  by  a  substance,  the  spectrometer  determines  the  charac¬ 
teristic  mechanical  frequencies  of  its  molecules.  Since  these 
molecular  frequencies  are  functions  of  the  atoms  themselves — ■ 
that  is,  the  spatial  arrangement,  the  valence  forces,  and  to  some 
extent  the  intermolecular  forces — the  value  of  infrared  spectro¬ 
scopic  information  is  obvious. 

A  question  naturally  arising  at  this  point  concerns  the  possi¬ 
bilities  of  a  mathematical  calculation  of  the  normal  modes  of 
vibration.  Such  a  calculation,  if  successfully  completed,  should 
make  possible  a  unique  determination  of  the  structure  of  the 
molecule  in  question.  The  correct  structure  of  the  molecule 
would  obviously  be  that  whose  calculated  frequencies  correspond 
exactly  to  those  observed  in  the  experimental  spectrum.  Theo¬ 
retically  the  expected  frequencies  can  be  calculated,  provided  the 
strengths  of  all  of  the  interatomic  forces  are  known.  Unfortu¬ 
nately,  the  complexity  of  such  calculations  depends  on  the  num¬ 
ber  of  atoms  in  the  molecules  and  the  symmetry  of  their  geo¬ 
metrical  arrangement. 

Water,  for  example,  with  three  atoms  involves  only  a  third  de¬ 
gree  equation,  and  has  accordingly  been  subjected  to  thorough 


mathematical  treatment.  Benzene,  although  composed  of 
twelve  atoms,  is  so  symmetrical  that  a  fourth  degree  equation  is 
the  most  difficult  encountered.  The  frequencies  calculated  for 
this  molecule,  too,  have  been  found  to  agree  with  experimental 
values.  However,  if  this  geometrical  symmetry  is  completely 
destroyed  by  substitution,  as  in  ortho-chlorophenol,  a  rigorous 
treatment  would  require  the  solution  of  a  thirty-third  degree 
equation.  Such  a  task  is  out  of  the  question.  Accordingly, 
since  most  of  the  molecules  of  interest  to  the  industrial  chemist 
are  quite  complex,  some  other  method  is  required  to  correlate  the 
characteristics  of  an  observed  spectrum  with  the  structure  of  the 
molecule.  Considerable  success  in  this  direction  has  been 
achieved  by  a  purely  empirical  approach. 

In  order  to  understand  the  basis  for  such  an  empirical  method, 
it  will  be  well  to  resort  again  to  a  discussion  of  mechanical  mo¬ 
lecular  models.  Consider  a  model  of  a  molecule  containing  only 
one  C — H  bond,  such  as  chloroform,  CI3CH.  If  the  C — H  spring  is 
stretched  and  released,  the  carbon  and  hydrogen  weights  vibrate 
rapidly  with  a  characteristic  frequency.  The  chlorine  weights, 
on  the  other  hand,  are  so  heavy  they  are  almost  totally  unable  to 
follow  the  vibration.  It  is  true,  at  least  to  a  first  approximation, 
that  the  observed  stretching  frequency  is  a  characteristic  of  the 
C — H  spring  (bond)  and  the  masses  of  these  two  atoms,  and  is 
practically  independent  of  the  rest  of  the  molecule.  Similarly,  a 
bending  or  deformation  can  be  studied  by  displacing  the  hydro¬ 
gen  weight  in  a  direction  normal  to  the  axis  of  molecular  sym¬ 
metry  and  then  releasing  it.  Again  the  carbon  and  hydrogen 
weights  will  move  characteristically  with  the  remaining  weights 
practically  at  rest. 

These  observations  lead  to  the  basic  premise  that,  to  the  ex¬ 
tent  that  atomic  forces  between  a  carbon  and  a  hydrogen  atom 
are  a  function  of  these  two  atoms  alone,  the  presence  of  C — H 
linkages  in  a  molecule  will  cause  at  least  two  infrared  absorptions 
which  are  practically  independent  of  the  atomic  constitution  of 
the  rest  of  the  molecule.  The  validity  of  this  premise  has  been 
thoroughly  established  experimentally.  A  study  of  hundreds  of 
molecules  containing  C— H  linkages  has  shown  an  absorption 
around  2900  cm.-1  (C — H  stretching)  and  another  around  1450 
cm.-1  (C — H  bending).  Further  verification  may  be  found  by  a 
study  of  the  absorption  spectra  of  molecules  in  which  the  hydro¬ 
gen  atom  has  been  replaced  by  a  deuterium  atom  of  mass  two. 
A  mathematical  treatment  shows  that  the  C — D  frequency 
should  be  given  by  the  equation  vc— d  ■\//2  =  vc—b.  In  such 
molecules  a  frequency  in  the  region  of  2100  cm.-1  (C — D  stretch¬ 
ing)  is  observed. 

Actually,  by  using  a  spectrometer  of  high  resolving  power,  it 
can  be  shown  that  these  C — H  frequencies  are  influenced  slightly 
by  the  relation  of  the  C- — H  linkage  to  the  molecule  as  a  whole. 
For  example,  the  exact  frequency  value  of  these  absorption  bands 
may  be  used  to  indicate  the  degree  of  saturation  of  the  carbon 
atom  to  which  the  H  is  attached  or  whether  the  C — H  occurs  in 
a  CH,  CH2,  or  CH3  group. 

Although  the  mathematical  approach  has  been  of  great  value 
when  applied  to  simple  or  highly  symmetrical  molecules,  most 
of  the  information  derived  from  infrared  spectra  is  obtained  by 
the  application  of  the  empirical  method.  This  method  consists 
of  comparing  the  spectra  of  the  largest  obtainable  number  of 
different  molecules  having  a  common  atomic  group.  By  a  proc¬ 
ess  of  elimination  it  is  often  possible  to  find  an  absorption  band 
whose  frequency  remains  constant  throughout  the  series.  The 
presence,  in  an  unknown,  of  an  absorption  at  this  frequency  may 
reasonably  form  the  basis  for  a  guess  that  the  particular  atomic 
group  is  present.  Confidence  in  this  method  can  be  obtained 
only  by  successful  applications  in  a  large  number  of  cases. 

It  must  not  be  assumed  from  this  discussion  that  it  is,  or  will  be, 
possible  to  ascribe  every  observed  absorption  to  a  specific  atomic 
group.  Indeed,  if  this  were  true  it  would  make  more  difficult  the 
possibility  of  differentiating  clearly  between  isomeric  compounds. 
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Actually  only  a  few  of  the  observed  bands  can  usually  be  corre¬ 
lated  in  this  manner.  The  majority  of  observed  bands  arise 
from  normal  modes  of  vibration  which  are  characteristic  of  the 
molecule  as  a  whole.  These  general  absorption  bands  are  very 
sensitive  to  structural  changes,  and  so  furnish  us  with  a  ‘  finger¬ 
print”  of  the  molecule.  They  also  make  possible  the  analysis 
of  isomeric  mixtures  and  provide  the  basis  for  quantitative  analy¬ 
ses  of  other  closely  related  compounds. 

The  normal  vibrations  of  a  molecule  do  not  account  for  all  o 
the  absorption  bands  observed  in  its  infrared  spectrum.  For 
example,  in  the  far  infrared  there  are  absorptions  caused  by  the 
slower  rotations  of  the  molecules  or  the  massive  lattice  vibrations 
of  crystals.  Moreover,  throughout  the  whole  infrared  region 
absorptions  frequently  occur  at  integral  multiples  (overtone 
bands)  of  the  fundamentals,  or  at  frequencies  which  are  equal  to 
the  sum  or  difference  (combination  bands)  of  fundamentals. 
These  bands  in  general  absorb  very  much  less  strongly  than  do 
the  fundamentals  and  consequently  must  be  studied  with  thicker 
samples.  Since  they  are  so  sensitive  to  the  over-all  molecular 
structure,  they  can  sometimes  be  used  more  successfully  for  ac¬ 
curate  fingerprinting  of  molecules  and  for  the  analysis  of  mixtures 
than  the  fundamental  absorptions. 

THE  INTENSITY  OF  INFRARED  ABSORPTION  BANDS 

Except  for  special  cases  where  intermolecular  action  occurs, 
the  amount  of  light  transmitted  by  a  sample  is  governed  by  Beer’s 
law  IJIW  =  e~k*cx-  Iw  is  the  radiation  incident  on,  and  I„  the 
radiation  transmitted  by,  the  sample  at  the  frequency  v\  kv  is  the 
absorption  coefficient  of  the  sample  material  at  the  frequency  v, 
c  is  the  concentration  of  a  given  material  in  the  sample  being 
studied;  and  x  is  the  length  of  the  optical  path  or  thickness  of 
the  absorbing  layer  of  sample.  In  general,  the  infrared  data 
shown  are  presented  as  a  plot  of  /„//<>»  as  ordinates  versus  v  (or  X) 
as  abscissas.  The  factors  which  influence  k„  have  already  been 
discussed.  The  value  of  this  constant  will  be  appreciable  only 
when  v  is  an  infrared-active  fundamental,  overtone,  or  combina¬ 
tion  frequency.  In  general,  k„  will  have  a  larger  value  for  polar 
than  for  nonpolar  compounds.  Thus,  for  example,  water,  al¬ 
cohol,  and  acetone  absorb  infrared  very  strongly,  while  the  hydro¬ 
carbons  absorb  weakly.  The  value  of  K  is  fairly  insensitive  to 
pressure  and,  except  in  special  cases,  is  practically  independent 
of  temperature.  However,  is  not  entirely  a  unique  function  of 
molecular  structure  for  slight  variations  in  its  values  occur  be¬ 
tween  the  solid,  liquid,  and  vapor  phases  of  the  same  molecule. 
These  changes  appear  as  small  shifts  in  the  frequencies  or  inten¬ 
sities  of  maximum  absorption — i.  e.,  maximum  k„  values  and 
are  caused  by  the  varying  extent  to  which  the  internal  vibrations 
of  one  molecule  are  affected  by  those  by  its  neighbors. 

The  question  may  be  raised:  Why  are  not  infrared  spectra 
plotted  as  graphs  of  kv  versus  frequency  instead  of  I„/I0 „  versus 
frequency?  Graphs  using  1V/IW  are  functions  of  both  c  and  x, 
whereas  those  using  k„  should  be  independent  of  these  factors  and 
accordingly  more  generally  applicable.  As  will  be  pointed  out  in 
a  later  section,  most  infrared  spectrometers  have  varying  amounts 
of  scattered  light  and  employ  varying  spectral  slit  widths  in  order 
to  attain  the  sensitivity  and  stability  required  in  measuring  the 
spectrum  with  sufficient  accuracy.  An  accurate  value  of  k„  can 
be  obtained  only  with  an  instrument  which  either  has  no  scat¬ 
tered  light  or  for  which  the  amount  of  scattered  light  is  known  at 
each  frequency.  Since  fc„  is  also  a  function  of  spectral  slit  width, 
this  too  would  have  to  be  known  at  each  frequency.  Further¬ 
more,  accurate  measurements  of  sample  thickness  are  extremely 
difficult.  Other  difficulties  also  intervene  and  until  infrared 
spectrometers  have  been  improved  materially  and  standardized, 
the  conventional  plots  of  Iv/Iw,  rather  than  fc„,  versus  frequency 
are  preferable. 


QUALITATIVE  ANALYSIS 

As  shown  by  our  previous  analogy  to  molecular  models,  the 
atoms  of  an  organic  molecule  are  constrained  to  oscillate  about 
their  equilibrium  positions  by  the  valence  forces  which  exist  be¬ 
tween  the  atoms.  To  a  first  approximation  and  for  purposes  of 
illustration  only,  these  vibrations  may  be  considered  to  obey 
Hooke’s  law.  To  the  extent  that  this  is  true,  any  equation  set 
up  to  describe  these  motions  must  be  dimensionally  similar  to 
that  which  holds  for  simple  harmonic  vibrations,  namely, 


In  this  expression,  v  is  the  frequency  in  cm.  \  c  is  the  velocity  of 
light,  m  is  the  reduced  mass  of  the  vibrating  atoms,  and  k  is  the  force 
constant  which  exists  between  the  atoms.  The  reduced  mass, 

is  calculated  from  the  relationship  ^  =  —  +  — ,  where  and  m2 

are  the  relative  masses  of  the  vibrating  atoms.  This  constant,  k, 
is  related  to  the  vibrations  by  the  equation 

V  =  \  fcx2 

where  V  is  the  potential  energy  and  x  the  displacement  of  the 
atoms  from  their  equilibrium  positions.  Upon  substituting  the 
proper  universal  constant,  the  dimensional  formula  above  may 
be  reduced  to 

v  =  1307  y^cm.-1 

where  k  is  used  as  a  pure  number  and  n  is  expressed  in  dimension¬ 
less  atomic  mass  units. 

A  brief  examination  of  the  literature  shows  that  the  value  of  k 
for  practically  all  single  bonds  lies  between  4  and  6  X  106  dynes 
per  cm.  The  corresponding  values  for  double  bonds  lie  between 
8  and  12,  while  those  for  triple  bonds  generally  lie  between  12  and 
18  X  106  dynes  per  cm.  For  purposes  of  illustration  these 
values,  along  with  the  proper  values  for  may  be  substituted  to 
calculate  the  approximate  vibration  frequencies  for  a  few  typical 
atom  pairs. 

For  the  C— H  in  methane  the  value  of  k  has  been  found  to  be 
almost  exactly  equal  to  5  X  106  dynes  per  cm.  Since  the  carbon 
is  so  heavy  in  comparison  to  the  hydrogen,  it  remains  practically 
at  rest,  and  the  value  of  m  is  close  to  1 .  Thus, 


For  the  C — O  in  methyl  alcohol  the  force  constant  is  still  very 
close  to  5  X  105  dynes  per  cm.,  but  the  value  of  n  jumps  to  about 
6.85,  causing  vc-o  to  be  much  lower  than  pc-h. 

,c-o  =  1307  =  1110  cm. 

Analogously,  for  C=0  in  acetone 

„C-o  =  1307  |  =  1730  cm. 

Similar  calculations  for  the  C=N  group  in  HCN  lead  to  a 
value  for 

yCsN  =  1307  =  2000  cm."1 

In  the  infrared  spectra  of  these  four  compounds  there  are  strong 
absorption  bands  at  2915,  1034,  1744,  and  2089  cm.  1  More¬ 
over,  a  study  of  a  series  of  molecules  containing  one  or  more  of 
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Table  1.  Typical  Interatomic  Characteristics 


Atom 

Reduced 

Interatomic 

Absorption 

Pair 

Mass 

k 

Distance 

Frequency 

Compound 

A. 

Cm.-'- 

c— c 

6 

4.50 

1.54 

993 

C2He 

c— o 

6.85 

5.77 

1.43 

1034 

CHaOH 

C— N 

6.46 

1.47 

1045 

CHaNHj 

C=C 

6 

9.77 

1.33 

1623 

C2H4 

c=o 

6.85 

12.06 

1.21 

1744 

HaCO 

C=N 

6.46 

1.26 

1653 

CHsCHNOH 

C-C 

6 

17.2 

1.20 

1975 

CjHs 

C=0 

6.85 

1.10 

2169 

CO 

C=N 

6.46 

16.6 

1.15 

2089 

HCN 

C— H 

0.92 

5.07 

1.07 

2915 

CH4 

O— H 

0.94 

0.96 

3683 

CHaOH 

N— H 

0.93 

1.00 

3370 

CHiNHj 

3315 

S— H 

0.97 

1.3 

2597 

CHaSH 

these  linkages  shows  the  characteristic  bands  approximately  at 
the  calculated  frequencies.  Thus,  it  is  seen  that  these  approxi¬ 
mate  values  of  k  and  p  determine  the  absorption  frequency  for  a 
particular  atom  pair.  The  slight  variations  observed  in  these 
frequency  positions  of  maximum  absorption  for  molecules  that 
are  closely  related  chemically  (hence  slight  variations  in  k  and 
p)  make  it  possible,  in  many  cases,  to  use  the  exact  frequency  em¬ 
pirically  as  a  means  not  only  of  telling  that  a  given  atomic  group 
is  present  but  also  of  determining  the  relation  of  this  group  to  the 
remainder  of  the  molecule. 

Conversely,  once  the  value  of  the  absorption  frequency  of  a 
given  band  has  been  determined  experimentally,  it  is  often  pos¬ 
sible  to  calculate  the  force  constant,  k,  or  the  binding  energy  be¬ 
tween  the  vibrating  atoms. 

Published  data  show  that  in  general  the  larger  the  value  of  k 
the  shorter  the  equilibrium  distance  between  the  atoms  concerned. 
Table  1  is  presented  to  show  the  effect  of  k  and  p  upon  these  inter¬ 
atomic  distances  and  upon  the  frequencies  of  absorption. 

The  above  discussion  is  presented  in  order  to  give  some  indi¬ 
cation  of  the  theoretical  basis  for  the  fact  that  certain  atomic 
pairs  or  groups  give  rise  consistently  to  absorption  bands  in  a 
well  defined  region  of  the  spectrum.  However,  it  is  to  be  empha¬ 
sized  that  this  treatment  of  extracting  a  portion  of  a  molecule 
and  treating  this  portion  mathematically  is  only  an  approxima¬ 
tion  and  should  not  be  carried  to  an  extreme.  The  method  is 
applicable  to  only  a  very  few  types  of  atomic  vibrations  and  it  is 
definitely  impossible  to  start  with  published  data  of  interatomic 
distances  or  force  constants  and  calculate  the  entire  infrared 
absorption  spectrum  of  a  material  by  this  simple  means. 

Using  an  empirical  approach  the  authors  have  examined  re¬ 
peatedly  the  spectra  of  many  hundreds  of  organic  compounds,  and 
these  searches  have  rarely  failed  to  reveal  interesting  correlations 
between  bond  frequencies  and  structural  relationships.  It 
would  be  out  of  place  to  cite  each  of  these  correlations,  but  a  few 
are  given  as  illustrations  of  the  type  of  information  which  may  be 
obtained  through  careful  study  of  a  large  number  of  infrared 
spectra.  It  must  be  pointed  out,  however,  that  the  curves  used 
in  these  studies,  some  of  which  are  reproduced  in  a  later  section, 
were  obtained  through  the  use  of  the  large  research  type  spec¬ 
trometer  described  above.  Users  of  lower  resolving  power  in¬ 
struments  may  experience  difficulty  in  checking  some  of  the  corre¬ 
lations  indicated  below.  In  view  of  the  inability  of  any  prism 
spectrometer  to  resolve  completely  the  structure  of  complex 
bands  it  is  frequently  true  that  the  shape  of  a  given  region  of  the 
spectrum  is  just  as  important  from  a  qualitative  analysis  point 
of  view  as  the  exact  values  of  the  absorption  maxima  or  trans¬ 
mission  minima.  In  the  interest  of  economy  of  space,  however, 
we  have  chosen,  in  the  remainder  of  this  section,  to  present  the 
illustrations  of  constant  bond  frequencies  through  the  use  of  line 
graphs  rather  than  full  transmission  curves.  In  these  graphs  the 
height  of  the  line  may  be  taken  as  a  rough  measure  of  the  in¬ 
tensity  of  the  absorption. 


(a)  High  frequency  (3m)  region 

In  the  region  from  3700  cm.-1  to  2500  cm.-1  occur  the  absorp¬ 
tion  bands  arising  from  hydrogen  stretching  vibrations,  the  os¬ 
cillating  motion  of  a  hydrogen  atom  in  the  direction  of  its  va¬ 
lence  bond.  Unfortunately,  the  dispersion  of  a  rock  salt  prism  is 
not  very  good  in  this  region  and  a  lithium  fluoride  prism  or  a. 
grating  is  necessary  to  make  available  all  the  qualitative  informa¬ 
tion  which  the  region  offers.  However,  the  type  of  information 
which  can  be  obtained  from  a  sodium  chloride  prism  is  shown  in 
Figure  4. 

“Free”  hydroxyl  vibrations,  where  the  hydrogen  is  not  affected 
by  any  atom  except  the  oxygen  to  which  it  is  bound,  have  a  char¬ 
acteristic  absorption  between  3700  and  3500  cm.-1  If  the  mate¬ 
rial  is  concentrated  so  that  “hydrogen  bonding”  can  occur,  this 
absorption  becomes  broader  and  stronger  and  moves  to  lower 
frequency.  It  has  been  shown  that  there  is  a  relationship  be¬ 
tween  the  energy  of  the  hydrogen  bond  and  the  frequency  shift 
from  “free”  to  “associated”  state.  Because  the  hydroxyl  fre¬ 
quency  is  exceptionally  sensitive  to  the  effects  of  intermolecular 
association  and  internal  chelation,  it  is  always  necessary  to  con¬ 
sider  the  physical  state  of  the  sample  in  interpreting  this  region. 
Benzyl  alcohol,  diluted  in  carbon  tetrachloride,  shows  the  free 
hydroxyl  absorption  at  3640  cm.-1,  while  in  the  pure  material 
this  band  has  shifted  to  a  broad  deep  absorption  centering 
around  3350  cm.-1  Under  high  dispersion  these  association 
bands  sometimes  show  discrete  structure  which  probably  arises 
from  the  types  of  molecular  aggregates  involved. 

N — H  bonds  show  a  characteristic  absorption  between  3500  and 
3200  cm.-1  Aniline  has  two  N — H  bonds,  one  at  3445  cm.-1  and 
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TABLE  2 

C=0  FREQUENCIES 


Molecule 


Absorption  Frequencies 


Anhydrides 

Acetic  anhydride 

i 

1 

I 

Caproic  anhydride 

i 

i  1 

| 

Crotonlc  anhydride 

, 1 

Maleic  anhydride 

1  | 

Phthalic  anhydride 

Esters 

Methyl  acetate 

| 

Allyl  acetate 

Dibutyl  maleate 

| 

Dibutyl  fumarate 

'i 

Methyl  acrylate 

'i 

Diamyl  phthalate 

Ethyl  carbonate 

| 

Diallyl  adipate 

Methyl  oleate 

i 

Methyl  methacrylate 

| 

Dimethyl  itaconate 

Methyl  octadecadienate 

'  i 

Dimethyl  phthalate 

i  1 

Tung  oil  esters 

Acids 

Maleic  acid 

1  , 

Fumarlc  acid 

'i 

p-Toluic  acid 

i 

ra-Toluic  acid 

| 

o-Tolulc  acid 

l 

p-Hydroxy  benzoic  acid 

| 

m-Hydroxy  benzoic  acid 

i 

CX -Hydroxy  lsobutyric  acid 

| 

Undecylenic  acid 

Ketones 

Ketobutanol 

i 

l 

Methyl  isopropyl  ketone 

i 

Acetone 

1 

Acetonyl  acetone 

'l 

Cyclohexanone 

1 

Acetophenone 

I 

Benzophenone 

1 

Mesityl  oxide 

p- Isopropyl  ben z aldehyde 

1 

Fenchone 

Aldehydes 

Formaldehyde 

1 

Methacrolein 

1  i 

Salley laldehyde 

Benzaldehyde 

| 

Furfural 

1 

m-Tolualdehyde 

1850 


(b)  Unsaturated  region 

Absorption  bands  originating  in  unsaturated  bonds  between 
atoms  of  the  second  row  of  the  periodic  table  occur  between  2300 
and  1300  cm.-1 

The  highest  frequencies  observed  are  those  of  the  triple  bonds 
between  2300  and  2000  cm.-1  from  such  linkages  as  C=C,  C=N, 
and  the  CsO  of  carbon  monoxide  and  carbon  dioxide.  There  is 
little  chance  of  error  in  ascribing  an  observed  band  in  this  region 
to  a  triple  bond  origin,  for  the  only  other  fundamental  vibrations 
which  can  occur  here  are  the  above-mentioned  X  D  vibrations. 

Carbonyl  frequencies  fall  between  1850  and  1650  cm.  1  as 
shown  by  the  line  graphs  of  Table  2.  To  a  certain  extent  these 
bands  fall  in  a  fairly  narrow  region  of  the  spectrum  according  to 
the  relationship  of  the  group  to  the  rest  of  the  molecule.  The 
anhydrides  usually  show  a  double  band  with  one  minimum  be¬ 
tween  1850  and  1800  cm.-1,  the  other  between  1800  and  1750 
cm.-1  Ester  carbonyls  are  generally  in  the  region  from  1750  to 
1725  cm.-1,  aldehydes  and  ketones  from  1725  to  1690  cm.  l,  and 
acids  from  1700  to  1670  cm.-1  These  criteria  are  not  always 
valid,  for  it  can  be  seen  from  the  graph  that  low  members  of  a 
series  are  often  out  of  line  while  conjugation  tends  to  lower  the 
characteristic  frequencies.  Other  regions  of  the  spectrum  can  be 
used  to  check  the  tentative  correlation  of  an  observed  carbonyl 
bond.  If  an  acid  is  suspected,  the  high  frequency  region  can  be 
examined  for  hydroxyl  absorption.  Esters  in  general  show  a 
strong  band  from  1300  to  1200  cm.-1  which  probably  arises  from 
the  single  bond  carbon  oxygen  where  the  carbon  is  an  unsaturated 
atom.  Phthalates  in  particular  show  a  characteristic  triplet  at 
1 275,  1 1 20,  and  1 070  cm.  - 1 

Aliphatic  carbon-carbon  double  bond  linkages  occur  between 
1660  and  1600  cm.-1  as  shown  by  typical  examples  in  Table  3. 
It  is  to  be  noticed  that  such  bands  usually  occur  between  1660 
and  1640  cm.-1  when  the  bond  is  not  conjugated.  When  the 
bond  is  conjugated  with  an  aromatic  unsaturation,  the  frequency 
drops  to  1625  cm.'1,  whereas,  if  full  aliphatic  conjugation  occurs, 
the  frequency  is  nearer  1600  cm.-1  It  would  be  well  to  repeat  the 
point  here  that  atomic  motions  give  rise  to  infrared  absorption 
only  if  the  vibration  causes  a  change  in  dipole  moment.  There¬ 
fore,  the  C=C  absorption  may  be  weak  or  nonexistent  if  the  bond 
occurs  in  a  perfectly  symmetrical  molecule  such  as  ethylene,  or 


the  other  at  3368  cm.-1,  because  of  the  interaction  between  the 
two  hydrogen  atoms  on  the  same  nitrogen.  D i-n- p ropy  1  am ine , 
on  the  other  hand,  shows  only  one  absorption  band. 

Q — H  frequencies  occur  between  3200  and  2800  cm.  1  This  re¬ 
gion  is  subdivided  by  the  characteristic  that  the  band  is  usually 
above  3000  cm.-1  if  the  carbon  atom  is  unsaturated  or  if  the  hy¬ 
drogen  occurs  in  highly  halogenated  compounds.  In  normal 
aliphatic  compounds,  the  band  usually  occurs  below  3000  cm.-1 
In  benzyl  alcohol  both  saturated  and  unsaturated  carbons  and 
C— H  bands  are  observed  in  each  region,  respectively.  In  aniline, 
only  unsaturated  carbon  hydrogen  bands  occur  at  3080  and  3040 
cm.-1,  while  di-w-propylamine  has  only  saturated  C  H  at  2950  to 
2870  cm.-1  With  higher  dispersion  the  unsaturated  C  H  re¬ 
gion  shows  structure  characteristic  of  CH,  CH2,  and  CH3  groups. 

Another  bond  of  interest  to  the  chemist  is  the  S  H  group 
whose  characteristic  absorption  lies  in  the  region  of  2500  cm.  1 
A  study  of  the  simplified  Hooke’s  law  treatment  of  vibrating 
atoms  showrs  that  the  reduced  mass,  m,  of  an  X  H  group  is  ap¬ 
proximately  doubled  if  a  deuterium  atom  is  substituted  for  the 
hydrogen.  There  may  occur  situations  where  it  would  be  desir¬ 
able  to  study  separately  the  behavior  of  two  X  H  groups  w  hose 
frequencies  coincide.  If  it  is  possible  to  substitute  a  deuterium 
atom  for  one  of  the  hydrogen  atoms,  the  infrared  characteristics 
of  the  two  bonds  will  differ  to  permit  individual  study  while 
their  chemical  natures  are  unchanged. 


TABLE  5 

Al.TPHftTTC  C*C  FREQUENCIES 


Molecule 


19,00- 


Butene-1 

Butene -2 

/3- Pinene 

Isobutylene 

Di-lsoamylene 

Dl-laobutylene 

Dipentene 

Cyclohexene 

Oc  -Pinene 

Indene 

Vinyl  acetate 
Allyl  acetate 
Dimethyl  maleate 
Diallyl  adipate 
Diallyl  eebacate 
Methyl  oleate 
Crotonlc  anhydride 
Methallyl  chloride 
Methyl  acrylate 
Methyl  methacrylate 
Ethyl  crotonate 
Stllbene 
Styrene 

p -Methyl  styrene 
p -Methyl  0(  -methyl  styrene 

2. 3 - Dimethyl  styrene 

2.4 - Dimethyl  styrene 
Butadiene 
PIperylene 
Isoprene 


Absorption  Frequencies  I 

1ROO  1700  1600  1550 


1900  1800  1700  1600  1550 
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in  the  middle  of  a  long  hydrocarbon  chain  where  the  atomic 
structure  at  each  end  of  the  bond  is  well  balanced. 

The  carbon-carbon  unsaturation  of  the  benzene  ring  is  evi¬ 
denced  by  an  absorption  band  near  1600  cm.-1  and  another  near 
1500  cm.-1  Not  only  are  these  bands  very  characteristic  of  the 
phenyl  ring  itself  but  their  specific  positions  in  conjunction  with 
other  bands  throughout  the  spectrum  furnish  a  tentative  de¬ 
termination  of  the  manner  in  which  the  ring  is  substituted. 
There  appears  to  be  some  correlation  between  the  type  of  sub¬ 
stitution  and  the  position  of  the  overtone  bands  between  2000 
cm.-1  and  1700  cm.-1  although  this  evidence  is  still  meager  and 
may  be  a  function  of  the  particular  group  substituted.  In 
general  the  1500  cm.-1  band  appears  to  be  high  for  para  sub¬ 
stituted  molecules.  Mono  substituted  aromatic  compounds 
generally  have  a  band  from  1075  to  1065  cm.-1  and  from  720  to 
700  cm.-1;  ortho  substituted,  1125  to  1085  cm.-1  and  720  to  700 
cm.-1;  meta  substituted,  1170  to  1140  cm.-1  and  790  to  735 
cm.-1;  and  para  substituted,  1120  to  1090  cm.-1  and  850  to  775 
cm.-1 

TABLE  4 

ABOMATIC  BMC  FREQUENCIES 


Molecule  Absorption  Frequencies 

_ 2000  1900  1800  17.00  16.00  1500  1400 


Benzene 

i  i 

Mono  Substituted 

Toluene 

1 

I 

1 

i 

Ethyl  "benzene 

i 

1 

n-Propyl  benzene 

n-Butyl  benzene 

1 

Isopropyl  benzene 

1 

1 

i 

1 

Secondary  butyl  benzene 

i 

1 

Tertiary  butyl  benzene 

1 

1 

l 

Tertiary  amyl  benzene 

Chlorobenzene 

i 

! 

Styrene 

1 

1  l 

Phenol 

1 

1 

Anisole 

I 

I 

1 

i 

1 

Phenetole 

• 

1 

1 

i 

1 

Ortho  Substituted 

o-Xylene 

i 

1 

I 

1, 

o-Chlorotoluene 

i  1 

1 

l 

1 

o-Dichlorobenzene 

I  i 

l 

i 

I 

Guiacol 

l 

1 

o-Chlor  phenol 

i 

1 

o -Ethyl  phenol 

l,  , 

o-Bornyl  phenol 

i 

i  i 

o-Benzyl  phenol 

I 

o-Cresyl  ethyl  ether 

i 

o-Cresyl  methyl  ether 

I 

1 

Meta  Substituted 

m-Xylene 

\ 

1 

1 

l 

1 

m-ChlorotOluene 

l 

1 

1 

1 

m-Ethyl  phenol 

1. 

m-Cresyl  ethyl  ether 

1 

m-Cresyl  methyl  ether 

1 

Para  Substituted 

p -Xylene 

1 

1 

p-Cymene 

V 

1 

f 

Y 

p-Ethyl  toluene 

1 

1 

1 

p - Chlor ot oluene 

1 

1 

p -Methyl  styrene 

I 

p -Methyl  -methyl  styrene 

1 

p- Chlor  phenol 

| 

p-Ethyl  phenol 

| 

p -Tertiary  butyl  phenol 

| 

p- Tertiary  amyl  phenol 

| 

p-Bornyl  phenol 

,  | 

| 

p-Methoxy  tertiary  amyl  benzene 

I 

p-Cresyl  ethyl  ether 

i1 

1 

p-Cresyl  methyl  ether 

i 

1 

2000  1900  1800  1700  1600  1500  1400 


Other  common  unsaturated  bands  of  interest  are  the  C=N 
group  which  absorbs  near  1650  cm.-1  and  N02  which  generally 
has  bands  near  1550  cm.-1  and  1340  cm.-1  In  this  region  bands 
are  also  to  be  expected  which  arise  from  water  or  from  un¬ 
saturated  ring  structures  whose  characteristics  are  not  well 
known. 

Some  other  characteristic  absorptions  may  be  reviewed  briefly: 
The  terminal  group  H2C=CHX  has  an  overtone  band  near 
1800  cm.-1  and  a  CH2  bending  vibration  between  1420  and  1400 


cm.-1  The  presence  of  CH2  or  CH3  groups  in  a  material  gives  rise 
to  absorption  between  1475  and  1430  cm.-1,  while  a  band  at 
1375  cm.-1  is  indicative  of  the  grouping  C — CH3.  This  1375 
cm.-1  band  is  quite  characteristic  of  the  type  of  methyl  structure 
present.  For  a  tertiary  butyl  group  the  band  is  split  with  a 
weak  component  about  1385  cm.-1  and  a  strong  one  at  1367 
cm.-1,  while  for  isopropyl  groups  the  band  is  split  into  a  doublet 
at  1380  and  1370  cm.-1  of  approximately  equal  intensity.  C — Cl 
bonds  have  a  strong  band  about  750  cm.-1  with  an  overtone  at 
about  twice  that  frequency.  A  C — 0  linkage  where  the  carbon 
is  unsaturated  has  a  band  between  1250  and  1200  cm.-1,  as 
evidenced  by  esters  and  aromatic  ethers.  If  the  carbon  atom  is 
saturated,  this  band  is  at  a  lower  frequency,  as  in  aliphatic 
ethers,  near  1100  cm.-1 

This  type  of  empirical  correlation  between  observed  absorption 
and  molecular  structure  is  essential  to  qualitative  analysis  and  it 
is  here  that  a  great  deal  of  work  must  be  done.  At  the  present 
time,  frequencies  above  1350  cm.-1  allow  fairly  definite  assign¬ 
ments  while  those  below  1350  cm.-1  will  necessarily  be  less 
definite  because  these  vibrations  generally  involve  all  the  atoms 
of  a  molecule  rather  than  those  of  a  specific  part.  Moreover,  ex¬ 
ceptions  to  any  correlation  will  be  found  because  the  exact  values 
of  the  frequencies  are  always  dependent  on  the  rest  of  the  molec¬ 
ular  substitutions  or  unsaturations,  and  accidental  degeneracies 
will  occur  to  split  an  expected  single  band  into  a  doublet  which 
will  confuse  the  spectrum.  However,  the  information  which  has 
already  been  gained  has  proved  of  great  value  in  such  applications 
as  indicating  the  presence  or,  of  equal  importance,  the  absence  of 
specific  groups  in  an  unknown  material.  It  will  well  repay  spec- 
troscopists  to  obtain  more  data,  to  group  and  regroup  all  avail¬ 
able  spectra  for  studying  a  specific  molecular  characteristic,  and 
to  draw  conclusions  from  these  studies  which  will  permit  of  a 
standard,  rapid  infrared  approach  to  the  identification  of  un¬ 
known  compounds. 

QUANTITATIVE  ANALYTICAL  TECHNIQUES 

It  has  been  pointed  out  previously  that  the  experimental 
difficulties  which  have  hindered  the  general  progress  of  infrared 
spectroscopy  have  been  the  lack  of  strong  energy  sources  and 
adequate  energy  detectors.  These  two  weaknesses  are  most 
keenly  felt  in  making  accurate  intensity  measurements.  It  is 
only  natural,  therefore,  that  in  the  past  one  of  the  most  practical 
applications  of  infrared,  its  use  for  quantitative  analysis,  should 
have  received  very  little  attention  compared  with  its  qualitative 
applications.  However,  the  fact  remains  that  infrared  answers 
the  two  prime  requisites  for  analysis:  that  every  compound 
should  have  a  unique  characteristic  and  that  it  should  retain 
that  characteristic  on  admixture  with  other  materials.  The  in¬ 
frared  spectrum  of  an  organic  material  is  a  unique  characteristic 
of  that  material,  and  the  infrared  spectrum  of  a  mixture,  of  ma¬ 
terials  is,  in  almost  all  cases,  an  additive  function  of  the  spectra  of 
each  component  in  a  pure  state.  These  facts,  combined  with  the 
characteristics  of  speed,  small  sampling,  and  the  ability  to  re¬ 
cover  the  sample  unchanged  have  impelled  the  industrial  in¬ 
frared  spectroscopist  to  improve  his  experimental  techniques  to 
the  extent  that  an  appreciable  percentage  of  his  time  is  now  spent 
in  performing  accurate  quantitative  analyses. 

The  fundamental  rule  correlating  component  concentration 
with  the  absorption  intensity  of  that  component  is  the  well 
known  Beer’s  law  /„  =  Iwe~kllCX  which  was  discussed  under 
Origin  of  Infrared  Spectra.  Theoretically,  the  application  of  this 
law  to  the  analysis  of  any  mixture  is  quite  straightforward. 
The  spectra  of  each  component  is  obtained  in  a  pure  state.  By 
comparison  of  these  spectra,  those  frequencies  are  chosen  for 
which  one  component  shows  a  strong  absorption  whereas  the 
absorption  of  the  other  components  is  weak.  Using  pure  materials 
(c  =  100  per  cent)  and  known  or  constant  values  of  x,  k„  is  de¬ 
termined  for  each  component  at  each  of  these  chosen  frequencies. 
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With  these  calibration  data  obtained,  the  analysis  of  an  unknown 
mixture  consists  first  of  determining  experimentally  the  per  cent 
transmission  (J//0)  for  each  chosen  frequency.  The  logarithm  of 
these  transmissions  then  furnishes  a  set  of  linear  equations, 

log (/„//„)  =  x{kvaca  +  krbCb  + . ),  which  can  be  solved  for 

the  desired  concentrations  Co,  a,,  etc.  Theoretically  the  method  is 
straightforward  but  actually  it  may  be  complicated  by  experi¬ 
mental  difficulties  or  tedious  mathematics  in  case  the  number  of 
components  is  large.  Therefore,  while  it  may  be  considered  a 
rigorous  method  of  analysis,  in  particular  cases  it  is  desirable  to 
seek  short  cuts  and  more  empirical  methods  of  analysis  which  will 
shorten  the  process  without  sacrificing  accuracy. 

It  is  not  feasible  to  discuss  all  the  possible  types  of  analysis 
which  may  arise  nor  to  go  into  great  detail  on  all  the  methods  of 
treatment  which  may  be  used.  Rather,  the  subject  is  treated  by  a 
consideration  of  the  instrumental  difficulties  attendant  upon  in¬ 
frared  analysis  and  the  bearing  which  these  difficulties  may  have 
on  the  method  to  be  used;  a  brief  discussion  of  the  possible 
methods  of  handling  materials  in  vapor,  liquid,  or  solid  state;  and 
finally,  a  few  illustrations  of  typical  analyses. 

There  are  two  main  characteristics  of  the  analytical  instrument 
to  be  used  which  will  influence  the  method  of  analysis  chosen. 
The  first  of  these  is  that  an  infrared  spectrometer  is  apt  to 
suffer  from  scattered  light.  The  typical  infrared  source  (an 
approximation  to  the  black  body  radiator  of  Figure  5)  throws 
most  of  its  energy  into  short  wave  radiation  and  it  is  these  short 
wave  components  which  are  scattered  most  strongly.  As  can  be 
seen  from  Figure  5,  a  black  body  source  at  2000°  C.  has  an  in¬ 
trinsic  energy  at  1.5 m  which  is  about  one  hundred  times  greater 
than  the  energy  in  the  10m  region  where  a  great  deal  of  analytical 
i  work  is  done.  The  presence  of  scattered  light  in  a  measurement 
'  of  7 /Jo  makes  the  direct  use  of  Beer’s  law  inaccurate,  especially  at 
low  values  of  J//0.  While  it  is  true  that  the  amount  of  scattered 
light  in  an  instrument  can  be  determined  as  a  function  of  v,  it  is 
difficult  to  determine  the  extent  to  which  this  factor  is  reduced 
when  an  arbitrary  sample  is  introduced  into  the  light  path. 

Careful  instrumental  technique  is  required  to  reduce  the  short 
wave  scattered  light  to  the  point  where  it  is  an  unappreciable 
percentage  of  the  longer  wave-length  energy  desired.  One 
method  is  to  introduce  at  the  entrance  window  of  the  spectrometer 
a  magnesium  oxide  filter  whose  particle  size  is  so  chosen  as  to 
cut  off  light  of  frequency  higher  than  the  highest  frequency  used 
in  the  analysis.  Again,  the  shutter  used  for  determining  the 
galvanometer  reading  for  true  zero  energy  may  be  so  chosen  that 
it  will  stop  all  radiation  at  the  analytical  frequency  but  will 
transmit  a  great  portion  of  the  energy  at  higher  frequency.  By 
the  use  of  such  devices,  as  well  as  careful  light  baffling  inside 
the  spectrometer,  the  factor  of  scattered  light  in  analysis  can  be 
reduced  so  that  it  is  negligible. 

The  other  analytical  difficulty  lies  in  the  relation  of  the  spectral 
slit  width  used  to  the  width  of  the  characteristic  band  whose  ab¬ 
sorption  is  to  be  measured.  In  the  ultraviolet  and  visible  regions, 
the  absorption  bands  studied  are  generally  much  broader  than  the 
spectral  slit  width  used.  Therefore,  it  is  possible  for  one  ultra¬ 
violet  or  visible  spectroscopist  to  publish  a  value  of  the  absorp¬ 
tion  coefficient,  fc„,  for  a  pure  material,  and  for  another  operator 
to  use  this  value  directly  with  his  own  instrument. 

Unfortunately,  this  situation  does  not  exist  at  present  for  the 
infrared  spectroscopist.  Most  organic  molecules  possess  ab¬ 
sorption  bands  whose  widths  at  half  maximum  are  of  the  same 
order  of  magnitude  as  the  spectral  slit  width  (10  to  15  cm.  0  used 
to  scan  the  bands.  For  independent  operators  to  use  a  published 
value  of  K  on  instruments  which  are  not  identical,  would  require 
an  accuracy  of  frequency  setting  and  spectral  slit  width  that 
would  exceed  normal  operating  conditions.  This  means  that, 
until  infrared  instruments  are  more  standardized  and  instru¬ 
mental  technique  becomes  more  accurate,  published  values  of  kv 
or  plots  of  J//o  vs.  v  can  be  used  as  rough  values  to  indicate  the 
possibilities  of  analysis,  but  each  spectroscopist  must  determine 


usable  values  of  k„  and  limits  of  error  as  a  function  of  his  own 
instrument. 

The  accuracy  with  which  an  instrument  can  be  made  to  repeat 
a  frequency  setting  and  spectral  slit  width  within  the  time  which 
can  be  devoted  to  a  given  analysis,  will  determine  the  general 
method  to  be  used.  If  these  factors  can  be  reproduced,  a  previ¬ 
ously  determined  working  curve  of  per  cent  transmission  vs. 
component  concentration  or  a  value  of  k„  can  be  used  safely  over 
considerable  time  intervals.  If  the  conditions  cannot  be  repeated 
with  sufficient  accuracy,  it  is  necessary  to  measure  standard 
mixtures  together  with  the  unknown  until  the  desired  degree  of 
bracketing  for  interpolation  is  attained. 


Figube  5.  Emission  of  a  Black  Body  Radiator 


Assuming  the  possibilities  of  repeating  experimental  conditions 
or  running  enough  standards  for  correlation,  the  accuracy  of  the 
typical  analysis  is  limited  further  by  the  ability  of  the  instrument 
to  measure  a  per  cent  transmission.  This  depends  on  galva¬ 
nometer  steadiness,  sharpness  of  thermal  equilibrium,  the  stability 
of  the  source  during  the  time  interval  required  to  measure  Iw 
and  J„,  etc.  These  uncertainties  are  functions  of  the  instrument 
only  and  are  fairly  independent  of  the  absolute  value  of  Iv/Iw. 
A  study  of  the  graph  of  Beer’s  law,  Figure  6,  shows  that  a  given 
error  in  the  measurement  of  Iv/Iw  represents  a  much  smaller 
error,  based  on  total  composition,  when  the  concentration  of  the 
component  is  small  than  when  it  is  large.  That  is,  spectroscopic 
analyses  are,  in  general,  better  at  measuring  small  amounts  of 
impurity  than  at  measuring  major  components.  Therefore,  in 
simple  analyses,  it  is  generally  better  to  measure  the  lesser  com¬ 
ponents  directly  and  obtain  the  major  component  by  difference, 
provided  all  the  components  present  are  known. 

To  a  certain  extent,  a  nice  analogy  can  be  drawn  between  the 
conditions  for  the  physicist’s  infrared  analysis  and  the  chemist’s 
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distillation  analysis  of  a  mixture.  Each  would  like  to  know  be¬ 
forehand  all  the  components  involved.  In  case  all  the  constitu¬ 
ents  are  not  certain,  the  chemist  can  run  a  very  careful  distil¬ 
lation  to  see  if  the  observed  boiling  point  plateaus  correspond  to 
the  expected  components.  The  infrared  spectroscopist  can  ob¬ 
tain  a  careful  absorption  spectrum  of  the  mixture  to  check  that 
all  observed  bands  can  be  correlated  with  the  expected  compo¬ 
nents.  The  chemist  requires  the  a  priori  knowledge  of  boiling 
points,  probabilities  of  constant  boiling  mixtures,  decomposition, 
or  polymerization  in  order  to  predict  the  possibilities  of  analysis; 
the  spectroscopist,  the  a  priori  knowledge  of  pure  spectra  and 
the  possibilities  of  intermolecular  effects  which  vary  with  con¬ 
centration.  Where  close  boiling  points  are  troublesome  for  the 
chemist,  a  lack  of  strong,  well  resolved  absorption  bands  creates 
comparable  difficulties  for  the  physicist.  Such  preliminary  in¬ 
formation  combined  with  an  intimate  knowledge  of  the  apparatus 
available  enables  each  to  predict  quite  well  the  accuracy  with 
which  he  can  perform  a  proposed  analysis. 

Sampling 

One  important  consideration  which  must  be  decided  before 
making  an  analysis  is  the  sample  thickness  to  be  used.  It  may  be 
seen  from  the  dotted  lines  of  Figure  6  that  a  constant  small  error 
in  the  transmission  [dT  =  d(I/I0)]  results  in  varying  changes 
in  c  as  T  ranges  from  0  to  100  per  cent.  Hence  the  analysis  should 
be  carried  out  at  that  value  of  T  for  which  a  given  change  oi  dT 
results  in  the  smallest  change  of  dc/c,  or  at  the  value  of  T  for 
which  1/c  dc/dT  is  a  minimum.  Differentiation  shows  that  this 
results  when  T  is  e_1  or  37  per  cent.  Thus  it  is  desirable  to  ad¬ 
just  the  sample  thickness  so  that  the  transmission  at  the  fre¬ 
quency  of  a  strongly  absorbing  component  should  be  in  the 
neighborhood  of  37  per  cent  for  the  average  concentration  to  be 
expected. 


The  above  considerations  apply  only  to  the  measurement  of  a 
single  component  in  the  presence  of  a  nonabsorbing  medium. 
In  the  case  of  a  multicomponent  analysis  further  study  shows  that 
the  value  of  T  should  be  lower  than  37  per  cent  by  a  function  of 
the  absorption  coefficients  of  these  other  components.  Fortu¬ 
nately  the  function  1/c  dc/dT  does  not  vary  rapidly  with  T,  so 
that  no  appreciable  accuracy  is  lost  if  x  is  so  chosen  that  T  lies 
between  25  and  50  per  cent. 

In  considering  analysis  of  samples  in  the  gas,  liquid,  or  solid 
state,  gas  analysis  presents  the  most  favorable  situation  for  two 
reasons.  In  the  first  place,  the  sample  thickness,  the  product  of 
pressure  by  cell  length,  can  be  regulated  by  a  choice  of  either 
factor.  For  any  given  cell  length,  the  pressure  can  be  varied 
easily  to  ensure  the  best  value  of  T  at  each  frequency.  More¬ 
over,  since  the  cell  length  is  of  the  order  of  centimeters  it  can  be 
measured  easily  and  the  pressure  can  be  measured  accurately  by 
means  of  a  mercury  or  Octoil  manometer.  In  the  second  place, 
vapor  analysis  is  favorable  because  there  is  little  interference  from 
intermolecular  effects.  For  molecules  possessing  some  degree  of 


geometrical  symmetry  there  are  vibrations  which  do  not  result  in 
infrared  absorption  because  they  do  not  involve  a  change  of 
dipole  moment.  However,  in  the  liquid  or  solid  state,  these 
vibrations  may  give  rise  to  absorption,  inasmuch  as  the  selection 
rules  are  modified  by  intermolecular  reactions.  It  is  true  that 
these  absorptions  are  weak  but  they  may  become  appreciable  in 
using  a  thick  sample  to  bring  out  a  slight  impurity.  Therefore, 
the  favorable  analytical  situation  of  one  component  absorbing 
strongly  against  a  weak  background  from  the  other  components 
is  more  probable  in  the  vapor  than  in  the  liquid  or  solid  state. 
Gas  cells  generally  vary  from  1  to  20  cm.  and  the  pressures 
may  run  from  a  few  millimeters  of  mercury  to  atmospheric  pres¬ 
sure  (or  greater). 

The  sample  thickness  for  liquids  varies  from  less  than  0.01  mm. 
for  very  polar  materials  to  10  mm.  to  bring  out  overtone  or  com¬ 
bination  bands.  Working  with  such  small  dimensions  poses  the 
problem  of  an  absorption  cell  which  will  repeat  its  thickness 
to  better  than  0.5  per  cent.  The  simplest  way  to  meet  this 
problem  is  to  make  a  cell  of  fixed  thickness  which  can  be  cleaned 
and  refilled.  For  a  given  analysis  it  is  not  necessary  that  the 
sample  thickness  be  known  accurately,  but  it  is  necessary  that  it 
be  repeated  accurately.  Cells  for  this  purpose  can  be  made  by 
clamping  two  rock  salt  plates  together  with  an  appropriate  metal 
foil  spacer  to  fix  the  thickness.  Holes  may  be  drilled  in  the  top 
of  the  cell  plates  and  glass  or  brass  tubes  inserted  for  corking 
volatile  materials.  The  cells  may  be  sealed  by  using  a  mercury 
amalgamated  spacer  or  by  coating  with  a  suitable  material  such 
as  Apiezon  wax,  Duco  cement,  or  Glyptal  resin.  If  the  liquids 
are  volatile  the  cell  can  be  cleaned  by  a  stream  of  dry  air ;  if  not, 
air  combined  with  a  suitable  volatile  solvent  can  be  used.  For 
fixed  cells  less  than  0.05  mm.,  capillary  action  restricts  the  ease 
of  cleaning  and  refilling.  If  it  is  necessary  to  work  with  a  sample 
thickness  less  than  0.05  mm.  in  order  to  get  the  required  trans¬ 
mission,  it  is  best  to  dilute  the  sample  with  some  material  which 
has  weak  absorption  at  the  frequencies  of  interest.  However, 
since  all  solvents  show  some  infrared  absorption,  it  is  usually  de¬ 
sirable  to  use  as  thin  a  cell  as  is  compatible  with  the  solubility 
of  the  material  in  question.  The  cell  thickness  chosen  for  a  given 
analysis  should  give  the  best  compromise  of  transmission  values 
at  the  chosen  frequencies  or  more  than  one  fixed  cell  must  be 
used. 

There  are  occasions  where  a  choice  can  be  made  between  study¬ 
ing  a  mixture  in  a  liquid  or  completely  vaporized  state.  As  a  rule 
this  choice  can  be  made  only  after  experimenting  with  each 
method.  While  vapor  studies  have  the  advantages  discussed 
above,  it  is  also  true  that  values  of  k„  vary  considerably  as  the 
material  goes  from  the  liquid  to  the  vapor  state  and  it  may 
happen  that  an  impurity  band  will  show  a  greater  value  of  K 
relative  to  the  background  in  the  liquid  state. 

The  sample  thickness  for  solids  is  of  the  same  order  of  mag¬ 
nitude  as  that  for  liquids.  If  the  solid  material  can  be  dissolved 
in  a  suitable  solvent,  the  methods  of  liquid  analysis  can  be  used. 
If  it  is  not  soluble,  then  the  problem  of  repeating  a  sample  thick¬ 
ness  becomes  so  difficult  that  the  time  involved  would  be  pro¬ 
hibitive  in  the  general  case.  There  is  some  possibility  of  working 
with  known  amounts  deposited  from  solution  or  mulled  in  Nujol 
where  the  same  plates  and  spacer  conditions  could  be  repeated. 
However,  this  method,  at  best,  is  not  very  satisfactory.  The 
easiest  method  of  attack  is  to  repeat  the  sample  thickness  as 
closely  as  possible  by  identical  methods  of  preparation.  The 
analyses  can  then  be  made  for  component  ratio  by  measurements 
of  relative  band  depths  or  by  including  a  known  amount  of  some 
new  material  to  be  used  as  an  internal  standard. 

Typical  analyses 

A  few  typical  analyses  have  been  chosen  to  illustrate  the  various 
methods  of  treatment  which  may  be  used.  Most  of  these  are 
applications  which  have  been  made  in  this  laboratory  as  actual 
analyses  or  to  determine  the  accuracy  which  might  be  expected 
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the  analysis  were  undertaken.  The  absorption  spectra  on 
hich  they  are  based  are  given  in  the  section  on  Library  of  Ref- 
•ence  Curves. 

DETERMINATIONS  OF  A  SINGLE  COMPONENT—!.  e„  MEASUREMENT 
AT  A  SINGLE  FREQUENCY 

Impurity  Analysis 

The  simplest  analysis  which  is  encountered  is  the  measurement 
f  a  material  for  a  small  amount  of  an  expected  impurity.  An 
xample  of  such  an  analysis  is  the  determination  of  cyclohexanone 
i  cyclohexane  shown  in  Figure  7.  The  obvious  frequency  for 
nalysis  is  the  strong  carbonyl  absorption  of  cyclohexanone  at 
718  cm.-1  where  cyclohexane  itself  has  very  weak  absorption. 
?our  possible  methods  of  analysis  are  discussed  in  the  light  of  ex- 
lerimental  conditions  and  the  accuracy  desired. 

a.  Record  Comparison.  This  method  of  analysis  is  based 
ipon  the  automatic  absorption  records  of  galvanometer  deflec- 
ion  obtained  for  a  series  of  known  standard  mixtures.  An  un¬ 
mown  can  then  be  determined  by  visual  comparison  of  the  ab- 
orption  record  of  the  unknown  with  those  of  the  known  series, 
fhe  method  is  rough  at  best  and  can  be  used  only  with  a  record- 
ng  spectrometer,  but  it  is  rapid  and  eliminates  the  necessity  of 
laving  to  set  the  instrument  accurately  at  the  absorption  maxi- 
num.  A  series  of  such  standard  absorptions  is  shown  in  Figure 
',A.  The  sharp  background  absorption  structure,  which  is 
:aused  by  residual  water  vapor  in  the  instrument,  is  useful  as  an 
nternal  frequency  calibration  standard. 

b.  Working  Curve.  A  more  accurate  method  of  analysis  con- 
;ists  of  measuring  the  per  cent  transmission  of  an  unknown  sam- 
>le  of  cyclohexane,  and  determining  the  per  cent  of  cyclohexa- 
ione  present  by  reading  directly  from  a  working  curve  such  as 
,hat  shown  in  Figure  7 ,B.  This  working  curve  was  obtained  by 
setting  the  instrument  at  1718  cm.-1,  and  measuring  the  per 
:ent  transmission  of  the  series  of  known  standards  with  an  auxil¬ 
ary  galvanometer  lamp  and  scale.  With  this  method  the  per 
lent  transmission  includes  the  scattered  light  contribution  and 
;he  sample  cell  absorption  since  the  measurement  of  J0  is  made 
vith  nothing  in  the  light  path.  Hence  the  accuracy  of  the 
malysis  is  dependent  on  the  constancy  of  the  cell  window  ab¬ 
sorption,  which  must  be  checked  from  time  to  time. 

A  study  of  Figure  7 ,B  reveals  some  characteristics  that  have 
oeen  discussed  previously.  The  curve  at  low  concentration  is 
almost  a  straight  line  as  would  be  expected  from  an  expansion  of 
3-1  where  x  <<  1.  With  a  knowledge  of  the  accuracy  with  which 
a  per  cent  transmission  can  be  measured,  the  error  in  measuring 
the  concentration  can  be  determined  from  the  slope  of  the  curve  at 
any  point.  Assuming  that  the  error  in  reading  I /Jo  is  ±  1  per  cent, 
the  corresponding  error  in  concentration  is  ±0.01  per  cent  at 
0.1  per  cent,  ±0.02  per  cent  at  0.5  per  cent,  and  ±0.1  per  cent 
at  2  per  cent  concentrations,  respectively.  This  shows  that  the 
absolute  error,  dc/c,  is  a  desirable  minimum  in  the  neighborhood 
of  37  per  cent  transmission  where  dc/c  is  equal  to  0.02/0.5.  The 
absorption  cell  chosen  (0.2  mm.  thickness)  should  be  used  when 
the  cyclohexanone  is  expected  to  be  about  0.5  per  cent  concen¬ 
tration.  If  the  impurity  is  expected  to  be  considerably  less  than 
0.5  per  cent,  greater  analytical  accuracy  would  be  obtained  with 
a  thicker  cell,  whereas  for  concentrations  greater  than  0.5  per 
cent  a  thinner  cell  should  be  used. 

c.  Beer’s  Law  Graph.  In  Figure  7 ,C  the  per  cent  trans¬ 
mission  values  of  7 ,B  have  been  corrected  for  scattered  light  and 
absorption  cell  plus  pure  cyclohexane  absorption.  A  plot  of 
log  J /Jo  es.  concentration  shows  a  fairly  straight  line  with  some 
deviation  at  the  high  concentrations.  In  this  particular  analysis 
there  is  no  gain  in  accuracy  and  a  loss  in  time  in  going  to  the 
straight-line  log  plot.  However,  there  might  arise  a  case  in  w  hich 
there  is  insufficient  material  to  make  up  a  series  of  standards,  or 
an  unknown  impurity  may  be  observed  which  cannot  be  identi¬ 
fied  to  make  possible  a  series  of  known  standards.  In  the  latter 
case  the  amount  of  impurity  in  one  sample  may  be  taken  as  an 
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arbitrary  unit  of  concentration.  A  measurement  of  this  sample 
and  the  pure  material  determines  fe„,  the  slope  of  the  straight  line 
of  Figure  7, C.  Then  the  concentrations  of  this  impurity  in  other 
unknowns  may  be  measured  in  terms  of  the  arbitrary  unit  chosen. 

d.  Special  Methods.  It  is  not  strictly  true  to  say  that  the 
accuracy  of  a  concentration  analysis  is  always  limited  by  the 
accuracy  of  determining  a  per  cent  transmission.  An  exception 
to  this  is  illustrated  by  a  special  method  of  analysis  which  can  be 
used  for  measuring  a  small  concentration  of  an  impurity  which 
does  not  present  a  favorable  case  for  analysis— i.  e.,  does  not  have 
a  strong  absorption  at  a  frequency  for  which  the  major  compo¬ 
nent  absorbs  very  weakly.  A  frequency  can  be  chosen,  preferably 


x  =  0.2  mm.;  spectral  slit,  ca.  8  cm.-1 

A.  Automatic  record  comparison 

B.  Empirical  working  curve 

C.  Beer’s  law  graph 
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Figure  8.  Double  Absorption  Cell  for  Special  Analyses 


in  a  spectral  region  where  considerable  energy  is  available,  for 
which  the  impurity  does  show  greater  absorption  than  the  major 
component.  The  analysis  is  made  with  a  double  absorption  cell, 
as  shown  in  Figure  8,  mounted  in  such  a  way  that  either  side  can 
be  placed  in  the  radiation  path  so  quickly  that  very  little  change 
in  thermocouple  equilibrium  occurs  in  the  transition.  By  in¬ 
creasing  the  slit  width  and  amplification  factor  a  galvanometer 
deflection  for  Iov  of  5  or  6  meters  can  be  obtained.  A  standard 
material  (usually  the  pure  major  component)  is  placed  in  one  side 
of  the  double  cell  while  the  unknown  is  placed  in  the  other.  By 
shuttling  the  cell  back  and  forth  several  times,  an  accurate  value 
of  the  change  in  galvanometer  spot  reading  from  one  cell  to  the 
other  can  be  made.  The  unknown  is  then  replaced  by  known 
standards  and  the  method  repeated  until  the  unknown  sample  is 
bracketed  with  sufficient  accuracy.  It  would  not  be  possible  to 
measure  the  5-  or  6-meter  deflection  of  Jo  with  great  accuracy 
but  if  a  change  of  0.5  mm.  between  the  two  cells  can  be  measured 
this  would  correspond  to  an  accuracy  in  energy  transmission  of 
1  part  in  10,000. 

In  many  cases,  analyses  can  be  made  with  surprising  accuracy 
by  means  of  such  special  methods.  It  must  be  remembered, 
however,  that  all  types  of  one-frequency  analyses  depend  entirely 
on  the  assumption  that  no  other  impurity  is  present  which  ab¬ 
sorbs  strongly  at  the  given  frequency.  If  this  assumption  is  not 
valid  it  may  be  necessary  to  check  the  absorption  of  an  impurity 
at  two  or  three  chosen  points. 

!.  Single  Major  Component 

In  measuring  a  major  component  of  a  mixture  any  of  the  above 
methods  may  be  used.  An  application  of  method  c  is  shown  in 
Figure  9.  It  was  desired  to  measure  the  rate  of  polymerization  of 
styrene  under  varying  catalytic  conditions.  Monomeric  styrene 
has  absorption  bands  at  1628  cm.-1  and  1412  cm.-1  which  are 
functions  of  the  vinyl  group.  Since  these  bands  disappear  in  the 
polymer,  they  may  be  used  as  unique  measurements  for  the 
amount  of  monomer  present.  Using  the  per  cent  transmission 
at  these  frequencies  of  the  starting  material  as  100  per  cent  con¬ 
centration  a  value  of  kmu  and  kim  was  obtained  after  making  cor¬ 
rection  for  scattered  light  and  backgroimd  absorption.  These 
values  of  k  were  then  used  to  determine  the  concentration  of 


monomer  in  subsequent  samples.  Figure  9  shows  a  typical  rea< 
tion  rate  curve  obtained  on  small  samples  extracted  from  th 
reaction  kettle  at  given  time  intervals.  The  scattering  of  th 
points  from  a  smooth  curve  indicates  the  accuracy  to  be  ±1  pe 
cent  of  total  composition. 

II.  DETERMINATION  OF  TWO  COMPONENTS 


1.  Impurities 

a.  Independent  Absorption  Frequencies.  In  favorable  case 
of  analyzing  for  two  or  more  impurities,  the  analytical  bands  cai 
sometimes  be  chosen  so  that,  where  one  impurity  has  a  strong  ab 
sorption,  the  major  component  and  the  other  impurity  hav 
practically  the  same  small  absorption.  An  example  is  th 
analysis  of  butyl  ether  and  butyl  alcohol  in  butyl  acrylate.  Th' 
working  curve  method  was  used  as  shown  in  Figure  10.  The  poin 
scattering  shows  an  accuracy  of  ±0.5  per  cent. 

b.  Dependent  Absorption  Frequencies.  There  may  aris< 
occasions  where  the  favorable  situation  above  does  not  hold.  Ai 
example  is  the  analysis  of  acrylonitrile  for  water  and  ethylem 
cyanhydrin.  Each  impurity  has  a  hydroxyl  absorption,  water  a 
3430  cm.-1  and  cyanhydrin  at  3350  cm.-1  The  analyses  wer< 
made  on  an  instrument  which  had  a  negligible  amount  of  scat  I 
tered  light  and  the  quartz  absorption  cell  thickness  was  so  ad  i 
justed  that  Beer’s  law  would  hold  over  the  transmission  range 
used.  The  per  cent  transmissions  of  known  standards  were  ob¬ 
tained  by  dividing  the  sample  transmission  by  that  of  purt 
acrylonitrile  so  that  the  resultant  transmissions  could  be  ascribec 
to  the  impurity  alone.  From  these  transmissions,  values  of  k, 
were  obtained  for  each  impurity  at  each  frequency.  Unknowns 
were  then  analyzed  by  determining  the  log  of  the  per  cent  trans¬ 
mission  at  each  frequency  and  solving  the  two  simultaneous 
equations  for  the  concentrations.  The  accuracy  of  the  analysis 
was  ±0.5  per  cent  for  cyanhydrin  and  slightly  better  than  this 
for  water. 


Figure  9.  Infrared  Measurement  of  a  Rate  of  Styrene 
Polymerization 
0.3  gm.  sample  in  10  cc.  of  CCU 
x  =  1  mm. 
v  =  1628  cm."1 
Spectral  slit,  ca.  9  cm.-1 
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Two  Major  Components 

For  two  major  materials  any  of  the  above  methods  may  be 
ed.  In  cases  where  the  two  bands  chosen  are  unique  and  mde- 
ndent  of  other  impurities,  very  rapid  analysis  can  be  made  by 
ing  deflection  ratios  instead  of  per  cent  transmissions.  For 
ample,  it  may  be  desired  to  obtain  the  ratio  of  butane  to  iso- 
itane  in  an  unknown  mixture  of  these  two  materials.  Isobutane 
is  a  strong  band  at  1175  cm."1  whereas  butane  is  analyzed  at 
'5  cm.-1  An  analysis  can  be  made  simply  by  obtaining  gal- 
inometer  deflections  as  a  measure  of  the  radiation  passing 
trough  the  sample  at  each  frequency.  The  ratio  of  the  two  de¬ 
letions  can  then  be  correlated  with  the  ratio  of  the  concentra- 
ons  by  means  of  a  working  curve  previously  obtained  on  known 
landards.  The  method  is  desirable  in  that  it  does  not  require  a 
ill  evacuation  to  determine  I0  nor  is  its  accuracy  sensitive  to 
pall  variations  in  the  total  gas  pressure  used. 

III.  DETERMINATION  OF  MULTICOMPONENTS 

Impurities 

I  There  may  be  a  case  where  the  favorable  situation  of  the  butyl 
erylate  impurities  does  not  exist  and  yet  it  is  not  expedient  to 
.se  Beer’s  law  directly.  A  working  curve  method  may  be  used  by 
pplying  the  proper  corrections  to  the  graphs  before  interpreting 
he  results. 

A  terpene  is  converted  catalytically  to  p-cymene  with  the 
esultant  impurities,  p-menthane,  dipentene,  and  dimethyl- 
tyrene.  It  is  desired  to  analyze  p-cymene  for  these  three 
tiajor  impurities.  A  comparison  of  K’s  for  the  four  pure  ma- 
erials  shows  that  p-menthane  can  be  analyzed  directly  but 
hat  the  dipentene  and  the  dimethylstyrene  impurity  absorp- 
ions  must  each  be  corrected  for  the  amount  of  the  other  im- 

mrities  present.  . 

The  working  curves  for  this  analysis  are  shown  in  Figure  11. 
3ecause  a  large  number  of  samples  w'as  involved,  it  was  expected 
hat  there  would  be  some  change  in  transmission  of  the  fixed  ab- 
iorption  cell  with  use.  Therefore,  the  working  curves  are  plotted 
n  terms  of  the  difference  in  transmission  at  each  chosen  frequency 
jetween  pure  p-cymene  and  the  unknown  mixture.  By 
neasuring  pure  p-cymene  at  intervals  throughout  the  analyses 
;his  change  in  cell  absorption  could  be  accounted  for  auto¬ 
matically. 

The  working  curve  for  p-menthane,  wljich  had  to  be  de¬ 
termined  as  the  first  step  in  the  analysis,  is  shown  in  Figure  \1,A. 
At  the  dimethylstyrene  frequency,  the  absorption  of  p- 
menthane  is  less  than  that  of  p-cymene.  Therefore,  it  was 
necessary  to  add  the  correction  given  in  the  caption  of  Figure 
11,5.  After  this  correction  was  made,  the  concentration  of 
dimethylstyrene  was  determined.  The  standards  used  for  this 
working  graph  were  made  up  with  varying  concentrations  of 
p-menthane  in  order  to  determine  this  correction.  At  the 
frequency  of  dipentene  absorption  both  p-menthane  and  di¬ 
methylstyrene  have  absorptions  which  are  greater  than  p- 
cymene  and  approximately  equal.  Therefore,  the  correct  factor 
must  be  subtracted  as  indicated  in  the  caption  to  Figure  11, C. 
In  each  case  the  point  scattering  of  the  standards  shows  an 
j  accuracy  of  the  order  of  =*=  1  per  cent. 

In  order  to  check  the  analysis,  two  standard  mixtures  were 
prepared  and  analyzed  as  unknowns.  The  results  of  these 
analyses  are  as  follows: 
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This  method  of  analysis  has  been  extended  to  the  case  of 
measuring  five  impurities  in  the  presence  of  a  major  component 


which  is  present  to  60  or  70  per  cent  with  the  accuracy  for 
each  component  being  ±  1  per  cent  of  the  total  mixture.  In  one 
instance  the  catalytic  reaction  produced  samples  which  were  dis¬ 
colored  by  slight  amounts  of  a  dark,  tarry  residue.  The  spectro¬ 
scopic  effect  of  these  unknown  materials  on  the  analysis  was 
allowed  for  by  collecting  some  of  the  residue  under  careful  dis¬ 
tillation  and  adding  it  to  the  standards  in  amounts  necessary  to 
match  the  visible  light  absorption  of  the  unknowns.  The  method 
is  rough  and  detracts  from  the  absolute  accuracy  of  the  known 
component  analysis,  but  it  still  allows  for  good  relative  measure¬ 
ments  for  testing  the  effects  of  varying  catalytic  conditions. 

While  performing  these  analyses  on  a  large  number  of  un¬ 
knowns,  it  was  found  advisable  to  check  the  standards  at  fre¬ 
quent  intervals.  Once  the  working  graphs  were  determined,  the 
time  of  analysis  for  each  unknown,  including  standard  mixture 
calibration,  sampling,  and  computation  was  about  0.5  hour 
in  the  sense  that  fifteen  analyses  could  be  made  in  an  8-hour 

day. 
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2,  Major  Components 

The  choice  of  the  best  analytical  method  for  a  mixture  com¬ 
prising  several  major  components  depends  to  a  great  extent  on 
the  variations  in  concentration  which  are  encountered.  If  these 
variations  are  small,  as  would  be  the  case  in  production  batches, 
the  working  graph  method  of  the  above  section  is  quick  and  easy. 


Figure  11.  Infrared  Analysis  of  p-Gymene  for 
P-Menthane,  Dimethylstyrene,  and  Dipentene 

x  =  0.1  mm. 

A.  Working  curve  for  p-menthane 

v  =  1177  cm.-1:  spectral  slit,  ca.  6  cm.-1 
S.  Working  curve  for  dimethylstyrene 

v  =  1570  cm.-1;  spectral  slit,  ca.  9  cm.-1 

Correction:  For  every  5  per  cent  of  p-menthane  present,  add  0.7  per 
cent  to  difference  percentage  before  plotting. 

C.  Working  curve  for  dipentene 

v  =  963  cm.-1;  spectral  slit,  ca.  5  cm.-1 

Correction:  For  every  5  per  cent  of  total  p-menthane  plus  dimethyl¬ 
styrene,  subtract  0.6  per  cent  from  difference  percentage  before  plotting. 
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Over  small  ranges  of  concentration  the  working  graphs  w 
approximate  straight  lines.  In  such  cases  changes  in  absorptk  1 
cell  condition  can  be  checked  at  intervals  and  a  point  determini  | 
through  which  the  straight  line  of  known  slope  may  be  draw 
This  method  has  been  applied  to  mixtures  of  substituted  anilin. 
and  the  results  obtained  agreed  within  ±1  per  cent  with  di 
tillation  analyses  on  the  same  samples.  However,  if  the  concei 
trations  vary  over  a  wide  range,  a  direct  calculational  applic: 
tion  of  Beer’s  law  would  be  accurate  but  time-consuming,  while 
method  of  working  graphs  on  semilog  paper  would  be  fast  wit 
some  sacrifice  in  accuracy. 

PRESENT  STATUS  OF  INFRARED  SPECTROSCOPY  IN 
INDUSTRY 

The  initial  phase  of  infrared  spectroscopy  in  industry  was  ex 
ploratory  in  nature.  It  has  been  known  for  many  years  that  sue) 
correlations  as  those  described  in  the  section  on  Qualitativ 
Analysis  could  be  made  between  observed  spectral  characteristic 
and  the  molecular  structure  of  the  material  being  studied.  Th 
fact  that  an  infrared  absorption  spectrum  is  a  unique  char 
acteristic  of  a  compound  had  suggested  that  this  spectral  regioi 
could  be  useful  for  identification  and  analysis  of  unknown  ma 
terials  and  mixtures.  Starting  with  this  basic  knowledge,  spectros 
copists  in  those  companies  which  have  shown  an  interest  in  the 
field  have  had  to  construct  their  own  spectrometers,  build  up  £ 
reference  library  of  absorption  spectra  of  pure  materials,  establisl 
structural  correlations,  and  develop  their  own  methods  of  quanti 
tative  analysis.  Not  only  has  this  fundamental  work  been  done 
but  also  sufficient  preliminary  applications  and  results  have  beer 
derived  to  prove  conclusively  that  infrared  pays  its  own  way  and 
is  rapidly  becoming  a  practical  necessity  to  any  research  or  pro¬ 
duction  organization  handling  organic  chemicals. 

Industrial  infrared  spectroscopy  is  now  entering  its  second 
phase — the  development  from  proving  potentialities  under  ideal 
research  conditions  to  widespread  applications  under  any  prac¬ 
tical  conditions  which  might  occur.  This  expansion  does  not 
imply  that  all  efforts  must  be  bent  toward  making  infrared 
techniques  routine  but  it  does  imply  that  the  basis  upon  which 
infrared  research  is  conducted  has  changed.  It  has  passed  the 
stage  of  hiring  a  trained  infrared  spectroscopist  with  the  general 
instruction  that  he  should  build  an  instrument  and  then  proceed 
to  demonstrate  its  utility.  Neither  sufficient  time  nor  trained 
personnel  is  available  to  permit  such  an  approach.  With  the  large 
number  of  companies  now  interested  in'  conducting  infrared  re¬ 
search,  it  is  necessary  that  commercial  spectrometers  be  available, 
that  there  be  sufficient  background  information  in  the  literature 
so  that  an  operator  may  be  put  on  one  of  these  instruments  to 
produce  results  immediately  without  having  to  spend  a  long  time 
acquiring  basic  data. 

The  first  person  to  recognize  this  demand  was  the  infrared 
spectroscopist  already  at  work  in  the  field.  He  was  called  upon 
to  study  the  possibility  of  performing  analyses  which  were 
difficult  or  tedious  by  chemical  methods.  Once  a  satisfactory 
analysis  had  been  established,  his  research  instrument  was 
generally  tied  up  for  a  month  or  more  on  routine  work  while  re¬ 
search  on  further  exploratory  problems  suffered.  For  his  own 
protection,  the  spectroscopist  has  had  to  develop  simple,  compact 
instruments  having  sufficient  resolving  power  to  handle  the 
majority  of  the  analytical  problems  which  might  be  encountered. 
With  such  instruments  available,  the  role  of  the  research  spec¬ 
trometer  in  analysis  may  be  restricted  to  obtaining  the  pure 
spectra  of  the  components  involved.  From  these  spectra  the 
analytical  frequencies  can  be  chosen  and  the  rest  of  the  analysis 
performed  by  means  of  the  small  spectrometer.  For  convenience 
in  setting  to  these  frequencies,  mechanical  stops  are  provided. 
These  small  instruments  can  be  operated  in  the  infrared  labora¬ 
tory  or  moved  to  the  site  of  the  chemical  reaction  if  operating 
conditions  are  favorable. 
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In  accordance  with  the  mutual  desire  of  the  industrial  spectros- 
jo'pist  and  the  instrument  maker,  these  small  instruments  are 
oeing  made  commercially  available.  The  manufacturer  is  always 
inxious  to  produce  an  instrument  which  has  been  designed, 
proved  practical,  and  has  a  growing  market.  The  research  spec- 
iroscopist  does  not,  in  general,  desire  to  carry  out  analyses  on 
production  samples  once  the  details  of  analysis  have  been  worked 
}ut.  He  prefers  to  refer  the  production  man  to  a  commercial 
source  of  instruments  which  will  answer  the  requirements. 
Therefore,  as  far  as  small  routine  instruments  are  concerned, 
avorable  progress  is  being  made. 

Unfortunately,  this  does  not  mean  that  the  spectroscopist  can 
urn  back  happily  to  problems  intended  for  his  research  spec¬ 
trometer.  There  are  at  least  two  important  advances  in  the 
nstrumentology  of  research  spectrometers  which  must  be  made 
oefore  the  spectroscopist  can  devote  himself  entirely  to  the  re¬ 
mits  obtained  and  not  have  to  worry  about  the  means  of  pro¬ 
ducing  them.  In  the  first  place,  most  infrared  spectra  are  ob- 
:ained  today  as  records  of  frequency  vs.  galvanometer  deflection 
mperimposed  upon  the  radiation  background.  To  obtain  full 
'dgnificance  from  these  results  it  is  necessary  to  convert  them  to 
requency  vs.  per  cent  transmission  or  log  of  per  cent  trans¬ 
mission.  This  conversion  as  it  is  now  done  involves  considerable 
:edious  labor  and  it  is  highly  desirable  that  the  instrument  make 
:his  conversion  automatically.  In  short,  infrared  needs  a  speetro- 
ohotometer  to  replace  its  present  spectrometer.  In  the  second 
olace,  most  infrared  recording  is  done  by  means  of  a  very  sensitive 
galvanometer  amplifier.  Unless  the  stability  conditions  of  the 
ouilding  in  which  the  instrument  is  used  are  favorable,  such  a 
mechanically  sensitive  device  is  not  satisfactory.  Certainly, 
inder  the  conditions  which  exist  in  the  average  laboratory  or 
blant,  an  improved  detecting  system  is  required.  Therefore,  it  is 
lighly  desirable  that  a  means  of  electronic  amplification  of  ther¬ 
mocouple  output  be  devised  to  replace  the  present  use  of  gal¬ 
vanometers.  There  is  a  growing  tendency  to  use  pen  recorders 
•ather  than  photographic  methods  for  recording  the  galvanometer 
ieflections.  This  means  that  an  electronic  stage  must  be  inter¬ 
red  between  the  galvanometer  beam  and  the  actual  record, 
[f  the  entire  amplification  from  the  radiation  detector  to  the 
‘•ecord  could  be  done  electronically,  the  use  of  some  type  of  a 
split  beam  instrument  would  answer  the  instrumental  problems  of 
he  infrared  spectroscopist. 

It  will  be  a  natural  step  for  the  manufacturer  to  go  from  the 
;mnll  routine  spectrometer  to  the  research  type  of  instrument  and 
t  is  to  be  hoped  that  the  combination  of  instrument  maker  and 
spectroscopist  will  solve  these  problems  in  the  near  future.  It 
Lvill  then  remain  for  the  spectroscopist  to  refine  his  analytical 
echniques  and  to  broaden  his  knowledge  and  application  of 
-tructural  correlations,  in  order  that  infrared  spectroscopy  can 
nake  its  maximum  contribution  to  the  advance  of  science. 

LIBRARY  OF  REFERENCE  CURVES 

As  shown  above,  it  is  very  desirable  to  have  available  for 

K'eference  purposes  the  per  cent  transmission  curves  for  as  many 
organic  compounds  as  possible.  These  curves  serve  a  threefold 
jurpose.  They  may  be  used  for  studying  correlations  between 
molecular  structure  and  spectral  characteristics,  for  identification 
)f  unknown  materials,  and  for  determining  in  advance  the  possi¬ 
bilities  of  qualitative  and  quantitative  infrared  analysis  of 
mixtures. 


In  presenting  these  spectra  the  following  comments  and 
cautions  are  offered: 

It  can  readily  be  seen  from  inspection  of  the  graphs  that  the 
spectra  were  not  obtained  primarily  for  purposes  of  publication. 
Since  they  were  all  obtained  in  connection  with  some  particular 
problem,  in  a  few  cases,  the  sample  thickness  used  or  the  spectral 
region  studied  renders  the  graphs  incomplete.  Although  of 
limited  usefulness,  these  curves  are  included.  So  far  as  possible 
pure  materials  were  used,  but  occasionally  the  nature  of  the 
problem  at  hand  and  the  pressure  of  work  did  not  permit  the  use 
of  exceptional  care  in  this  respect. 

All  the  spectra  shown  were  obtained  on  the  instrument  de- 
cribed  in  the  section  on  Experimental  Equipment  and  Technique, 
but  over  a  period  of  years  there  have  been  changes  in  both  the 
optical  system  and  the  sensitivity  of  the  spectrometer.  The 
spectral  region  above  2000  cm.-1  has  not  been  plotted  (and  in 
many  cases  not  studied)  because  the  poor  dispersion  of  rock  salt  in 
this  region  limits  the  value  of  such  studies. 

The  spectra  shown  from  2000  cm.-1  to  750  cm.-1  were  made 
with  an  average  spectral  slit  width  of  about  8  cm.-1  in  the  1600 
cm.-1  region  grading  down  to  about  5  cm.-1  in  the  1000  cm.-1 
region.  The  spectral  slit  widths  for  the  plots  between  2000  cm.-1 
and  1000  cm.-1  were  slightly  greater  than  this.  In  each  case  the 
average  accuracy  of  the  frequency  value  of  the  absorption  maxima 
is  ±5  cm.-1,  depending  upon  the  time  intervals  between  instru¬ 
ment  calibrations.  The  values  of  per  cent  absorption  have  rela¬ 
tive  accuracies  only,  since,  in  plotting,  allowance  was  not  always 
made  for  scattered  light  and  the  energy  transmission  curve  was 
not  taken  with  every  sample.  The  per  cent  readings  of  the  bands 
should  be  considered  only  in  the  light  of  weak,  medium,  or  strong 
absorption.  All  sample  thicknesses  for  liquids  are  given  by  the 
cell  spacer  thickness  in  mm.  or  as  capillary  (cap.)  where  no 
spacer  was  used.  If  the  material  was  run  in  vapor  form,  it  is 
designated  by  (V),  and  in  all  such  cases  a  10-cm.  absorption  cell 
was  used.  These  pressures  were  not  measured,  but  were  adjusted 
arbitrarily  to  give  the  desired  degree  of  transmission. 

The  spectra  are  indexed  in  two  ways:  (1)  an  empirical  formula 
index,  and  (2)  an  alphabetical  index  following  the  form  used 
in  Chemical  Abstracts,  with  cross  references  wherever  the  name 
on  the  graph  differs  radically  from  Chemical  Abstracts.  The 
curves  are  numbered  serially  and  each  index  is  made  up  in  terms  of 
these  serial  numbers.  The  order  of  presentation  of  the  spectra  is 
roughly  according  to  the  following  organic  characteristics: 


A.  Hydrocarbons 

1.  Aliphatic 

a.  Saturated 

b.  Unsaturated 

2.  Aromatic 

B.  Alcohols 

1.  Aliphatic 

2.  Aromatic 

C.  Ethers 

1.  Aliphatic 

2.  Aromatic 

D.  Carbonyl  Compounds 

1 .  Anhydrides 

2.  Esters 

3.  Aldehydes 

4.  Ketones 

5.  Acids 


E.  Nitrogen  Compounds 

1.  Amines 

a.  Aliphatic 

b.  Aromatic 

2.  Amides 

3.  Nitriles 

4.  Nitro 

5.  Miscellaneous 

F.  Terpenes 

G.  Organic  Chlorides 

H.  Miscellaneous 


long  with 


[On  the  following  pages,  676  to  709,  will  be  found  363  graphs  al 
an  Empirical  Formula  Index  and  an  Alphabetical  Index.] 
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EMPIRICAL  FORMULA  INDEX  TO  REFERENCE  CURVES 


Curve  No. 

Curve  No. 

Curve  No. 

Curve  No. 

Cl 

C4  (Contd.) 

Cs 

' 

C7  (Contd.) 

CC120 

345 

C4H4S 

359 

CUHClj 

353 

C7H7CI 

355,  356,  357 

CC14 

343 

C4H5N 

278,  280,  286,  287, 

C6H4N2C>4 

295,  296,  297 

C7H7NO 

264 

CH2N2 

270 

319 

CsHsCl 

350 

C7H7N02 

265,  329 

ch2o 

208 

C4H6 

26 

CeHsCIO 

351,  352 

C7H8 

71 

CH4N20 

263 

CJleO 

209 

C6H6N02 

291 

C7HsN20 

268 

CH40 

79 

C4H602 

166, 168 

c6h6no3 

298,  299,  300 

c7h8o 

89,  134 

r. 

C4H603 

155 

C6H6 

44 

C7Hs02 

122 

V.2 

C4H7C1 

348 

CeHeCIN 

247,  248,  249 

c7h9n 

242,  244,  245,  246, 

C2H3CLO2 

342 

C4H8 

24,  25,  28 

C6H6N202 

301,  302,  303 

311,  312,  313 

C2H3N 

277 

C4H80 

87,  88 

CsHeO 

100 

C7Hio02 

174 

C2H4CI2 

344 

C4H802 

162,  361 

C6H602 

119,  120 

C7H10O4 

187 

C2H4N4 

271 

C4H803 

227 

c6h7n 

241,  308,  309,  310 

C7Hi202 

171 

C2H6N02 

292 

C4H10 

22,  23 

C6H7N03S 

253,  254,  255 

C7H14 

39 

c2h6no3 

293 

C4H10O 

83,  84,  94,  124 

CsSsNiOtS 

256,  257,  258,  259 

C7H140 

98 

c2h6o 

80 

C4H10O2 

92 

C6H804 

179,  184 

C7Hl403 

164 

C2H60j 

91 

C4H10O3 

133 

CeHio 

42 

C7H16 

3,  9 

c 

C4H10S 

360 

CeHioO 

151,  221,  224 

C7H17N 

236 

V-3 

C4H11N 

235 

CeHio02 

173,  222 

r  „ 

C3H3N 

279 

CeHioOs 

178 

C3H5C10 

153 

Cs 

C6Hi2 

37,  38 

CsH403 

159 

C3H6C102 

349 

C6H4C12N2 

328 

C6Hi20 

97 

CsHs 

72 

CsHeCL 

346,  347 

C6H402 

210 

C6Hl4 

2 

CsH8N2 

276 

C3H6N2 

272 

c6h7n 

281,  282,  283,  284, 

CeHuO 

125,  130 

CsHsO 

213,  225 

c3h6o 

86,  217 

285,  288 

CeHuN 

237 

C8H802 

231,  232,  233 

C3H602 

121,  161 

C6H7N604S 

323 

CsH.NO 

266 

C3H7C1N20 

275 

C6Hs 

27,  29 

C7 

CsHio 

45,  52,  53,1,54 

C3H7N02 

290 

CsHsO 

218 

C8HioN20 

267 

C3H7N03 

294 

C6H802 

167,  169,  172 

C7H5CIO 

354 

CsHioO 

101,  102,'jl03,  112, 

C3H80 

81,  82 

C6HioN2 

273 

c7h6n 

289 

113,  114,  115, 

C3H80j 

96 

CsHioO 

129 

C7HsNO 

223 

116,  135,  136, 

✓“ 

C6Hio02 

219 

C7H6N30e 

307 

137,  143 

V-4 

C5H10O3 

220 

C7H6O 

211 

CsHio02 

123,  142 

C4H203 

156 

C6H,2 

1 

C7H602 

212 

CsHioOj 

157 

C4H4C1N3 

318 

CsH120 

85 

C7He03 

229,  230 

CsHnN 

243,  250,  251,  314 

C4H4N2 

315,  316,  317 

CsHI3N302 

240 

C7H7BrO 

138 

CsHi2 

30 
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EMPIRICAL  FORMULA  INDEX  TO  REFERENCE  CURVES  (Contd.) 


la  (Contd.) 

JsHuO. 

:8HhO, 

D8Hi6 

38His 

IJsHisO 

Cs 

C.H7N 

CsH8 

ChHio 

O9H12 

C9H12O 

c.h18 

C8H20 

C10 

CioH8 

CioHsO 

c10h9n 

C10H10O4 

C10H12 

CioHi2N20j 

C10H12O 

CioHh 

C.oHhO 


Curve  No. 

180,  185 
163 

31,  40 

4,  10,  11,  13 
126 
238 


322 

77 

73 

46,  47,  56,  57, 
58 

144,  145,  146,  148 
41 

5,  12,  14,  16, 
17,  18 

67 

118 

260,  261 
190 

74,  75,  76 
304,  305 
214 

48,  49,  50 
104,  117,  149 


Cie  (Contd.) 

CioHis 

CioHisO 

C10H17CI 

CioHis 

CioHisO 

C10H20 

C10H20O 

C10H22 

C18H22O 

C10H22O2 

C10H23N 

C11 

CnHis 

CnHieO 

C11H22O2 

CllH24 

Cl2 

CuHsO 

C12H9N 

C12H1O 

C12H10N2 

C12H10O 

C12H11N 

C12H12N2 


Curve  No. 

70,  331,  332,  333, 
334,  335,  336 

216 

358 

340 

337,  338,  339 

341 
99 

6,  15,  19 
127,  128 
93 
239 


51 

105,  131,  150 
228 
7 


152 

330 

59 

321 

108,  109,  154 

262 

252 


C12  (Contd.) 

C12H14N2O5 

CnHisO 

Ci2Hi804 

C12H20O4 

C12H21PO3 

C12H22O3 

C12H24 

C12H25O3 

C12H26 

Cl3 

C13H10O 

C13H12O 

C13H22N2 

CuB^Ne 

C13H2602 

Cl4 

ChHio 

C14H10O4 

C14H11 

C14H14 

ChHi40 

C14H1404 

Cl  5 

CJ5H30 

Cl8H82 


Curve  No. 

306 

139 

188 

181,  186 

362 
158 

32 

363 

8, 


20 


110,  111,  226 

140,  141 

274 

320 

175 


68 

215 

61 

60 

132,  147 
191 


35 

21 


C16 

Qi6H220 

C16H22O4 

C16H26O4 

C16H32 

C16H34 

Ci  7 

C17H20N2O 

Cl  8 

CisHh 

ClsHl8 

C1SH26O4 

Cl  9 

C19H16 

C19H160 

C19H3602 

C20 

C20H30O2 

C24 

C24Hl8 


Curve  No. 

106,  107 
192 
189 
33 
43 

269 


63,  64,  65 
69 
193 


62 

90 

176 


177 


66 


ALPHABETICAL  INDEX  TO  REFERENCE  CURVES 


Curve 

No. 


Ibietic  acid,  methyl  ester 
\.bietic  acid,  dehydro- 
Vcetanilide 

Acetic  acid,  allyl  ester 
Ice  tic  acid,  methyl  ester 
Acetic  acid,  polyvinyl  ester 
Acetic  acid,  vinyl  ester 
Acetic  anhydride 
Axetoacetic  acid,  ethyl  ester 
Acetone 

Acetone,  acetonyl-.  See  2,5-Hexane- 
dione. 

Acetonitrile 

Acetonitrile,  vinyl- 

Acetophenone 

Acrolein,  a-methyl- 

Acrylic  acid,  n-butyl  ester 

Acrylic  acid,  ethyl  ester 

Acrylic  acid,  ethyl  ester,  polymer 

Acrylic  acid,  methyl  ester 

Acrylonitrile 

Acrylonitrile,  cis-a, /3-dimethyl- 

Acrylonitrile,  trans-aj 3-dimethyl- 

Acrylonitrile,  a-ethyl- 

Acrylonitrile,  cis-/3-ethyl- 

Acrylonitrile,  trurw-/S-ethyl- 

Acrylonitrile,  a-methyl- 

Adenine  sulfate 

Adipic  acid,  diallyl  ester 

Alloocimene 

Allyl  alcohol 

Allyl  ether 

Amylamine,  di-n-.  See  Diamylamine 

n-Amyl  ether 

Aniline 

Aniline,  m-chloro- 
Aniline,  o-chloro- 
Aniline,  p-chloro- 
Aniline,  dimethyl- 
Aniline,  methyl- 
Aniline,  m-nitro- 
Aniline,  o-nitro- 


177 
327 
266 
167 
161 

165 

166 
155 

178 
217 


277 

278 
225 
209 
171 

169 

170 
168 

279 
285 
284 
281 
282 
283 

280 
323 
188 

70 

86 

151 

127 

241 

248 
247 

249 
243 

242 
302 
301 


A  (Contd.) 

Aniline,  p-nitro- 
Anisole 

Anisole,  o-bromo- 
Anisole,  o-phenyl- 
Anisole,  p-phenyl- 
Azobenzene 


B 


Curve 

No. 

303 

134 

138 

140 

141 
321 


See  Cu- 


Benzaldehyde 
Benzaldehyde,  p-isopropyl- 
maldehyde. 

Benzamide 
Benzene 

Benzene,  2-amino-l,3-dimethyl- 
Benzene,  4-amino-l,3-dimethyl- 
Benzene,  teri-amyl- 
Benzene,  tert-amyl-p-methoxy- 
Benzene,  n.-butyl- 
Benzene,  sec-butyl- 
Benzene,  ferj-butyl- 
Benzene,  chloro- 
Benzene,  o-dichloro- 
Benzene,  l,2-dimethyl-4-hydroxy- 
Benzene,  l,3-dimethyl-2-hydroxy- 
Benzene,  1 , 3-dimethyl- Ahy  dr  oxy- 
Benzene,  l,3-dimethyl-5-hydroxy- 
Benzene,  l,4-dimethyl-2-hydroxy- 
Benzene,  m-dinitro- 
Benzene,  o-dinitro- 
Benzene,  p-dinitro- 
Benzene,  w-diphenyl-. 

3-phenyl-. 

Benzene,  o-diphenyl-. 

2-phenyl-. 

Benzene,  p-diphenyl-. 

Benzene,  ethyl- 
Benzene,  nitro- 
Benzene,  n-propyl- 
Benzene,  1,2,3-trimethyl-. 
mellitene. 

Benzene,  1,2,4-trimethyl-.  See  Pseu¬ 
documene. 


See  Biphenyl, 
See  Biphenyl, 
See  Terphenyl. 


See  Hemi- 


211 


264 

44 

250 

251 
51 

139 

48 

49 

50 
350 
353 

114 
112 

115 

116 
113 

296 
295 

297 


45 
291 

46 


B  (Contd.) 


Curve 

No. 


Benzene,  1,3,5-trimethyl-.  See  Me- 
sitylene. 

Benzene,  1,3,5-triphenyl- 
Benzene  and  xylol 
Benzenesulfonic  acid,  m-amino- 
Benzenesulfonic  acid,  o-amino- 
Benzidine 

Benzoic  acid,  w-hydroxy- 
Benzoic  acid,  p-hydroxy- 
Benzonitrile 
Benzophenone 
Benzoyl  chloride 
Benzoyl  peroxide 
Benzyl  alcohol 
Benzyl  ether 
Bibenzyl 
Biphenyl 

Biphenyl,  p-ethoxy-.  See  Phenetole, 
p-phenyl-. 

Biphenyl,  o-hydroxy-. 
o-phenyl-. 

Biphenyl,  p-hydroxy-. 
p-phenyl-. 

Biphenyl,  o-methoxy-. 
o-phenyl-. 

Biphenyl,  p-methoxy-. 

p-phenyl-. 

Biphenyl,  2-phenyl- 
Biphenyl,  3-phenyl- 
Biphenyl  ether.  See  Phenyl  ether. 
Bornyl  chloride.  See  Camphone,  2- 
chloro-. 

Butadiene 

Butane 

2,3-Butanediol 

1-Butanol.  See  Butyl  alcohol. 

1- Butanol,  2-methyl- 

2- Butanol.  See  sec-Butyl  alcohol. 
2-Butanone,  4-hydroxy-3-methyl- 

1- Butene 

2- Butene 
2-Buten-l-ol 


66 

55 

254 

253 

252 

229 

230 
289 
226 
354 
215 

89 

132 

60 

59 


See  Phenol, 
See  Phenol, 
See  Anisole, 
See  Anisole, 


63 

64 


26 

22 

92 

85 

219 

24 

25 
87 
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Curve 

No. 


B  (Conte/.) 

3-Buten-2-ol  88 

1-Buten,  2-methyl,  3-one  218 

Butyl  alcohol  83 

sec-Butyl  alcohol  84 

ferf-Butyl  alcohol.  See  2-Propanol, 
2-methyl-. 

Butylamine,  mono-  235 

Butylamine,  di-n-.  See  Dibutylamine. 

2,3-Butylene  glycol.  See  2,3-Butane- 
diol. 

77-Butyl  ether  126 

C 

Camphone,  2-chloro-  358 

Caproic  anhydride  158 

Carbazole  330 


Carbinol,  sec-butyl-.  See  1-Butanol, 
2-methyl-. 

Carbinol,  methylvinyl-.  See  3-Buten- 
2-ol. 

Carbinol,  triphenyl-.  See  Methanol, 
triphenyl-. 

Carbitol.  See  Ethanol,  2-(2-ethoxy- 
ethoxy)-. 


Carbonic  acid,  ethyl  ester  220 

Carbonic  acid,  ethylchloro  ester.  See 
Formic  acid,  chloro-,  ethyl  ester. 

Carbon  tetrachloride  343 

Carbonyl  chloride  345 

Carvacrol  117 

Catechol  119 

Chloral  hydrate  342 

Cineole  339 

s-Collidine  (2,4,6-trimethyl  pyridine)  314 
Crotonic  acid,  ethyl  ester  173 

Crotonic  anhydride  157 

Crotononitrile,  cis-  287 

Crotononitrile,  trana-  286 

Cumaldehyde  214 

Cumene  47 

Cyanamide  270 

Cyanamide,  dicyclohexyl-  274 

Cyanamide,  diethyl-  273 

Cyanamide,  dimethyl-  272 

Cyanamide,  methylphenyl-  276 

Cyanamide,  monoethylol,  hydrochloride  275 
Cyclohexane  38 

Cyclohexane,  ethyl-  40 

Cyclohexane,  methyl-  39 

Cyclohexane,  1,2,4-trimethyl-  41 

Cyclohexanol  97 

Cyclohexanol,  4-methyl-  98 

Cyclohexanone  224 

Cyclohexene  42 

Cyclopentane,  methyl-  37 


D 

Decamethylene  glycol.  See  1,10-Dec- 


anediol. 

n-Decane  6 

1,10-Decanediol  93 

Diamylamine  239 

Dibenzofuran  152 

Dibenzyl.  See  Bibenzyl. 

Dibutylamine  238 

Dicyandiamide.  See  Guanidine, 
cyano-. 


Diisobutylene.  See  Isobutylene,  di-. 


Diisopropyl  ether.  See  Isopropyl 


ether. 

1,4-Dioxane 

361 

Dipentene 

331 

Diphenyl.  See  Biphenyl. 

Diphenylamine 

262 

Diphenylene  oxide.  See  Dibenzo¬ 
furan. 

Dipropylamine 

237 

Distyrene  oil 

78 

Dithiodiethylamine 

324 

n-Dodecane 

8 

Curve 

No. 

E 


Epichlorohydrin  153 

Ethane,  s-dichloro-  344 

Ethane,  nitro-  292 

Ethanol.  See  Ethyl  alcohol. 

Ethanol,  2-(2-ethoxyethoxy)-  133 

Ethanol,  2,2'-(ethylenedioxy)di-, 
diacetate  ester  195 

Ethanol,  2-nitro-  293 

Ether,  allyl  ethyl-  129 

Ether,  benzyl-n-butyl-  131 

Ether,  n-butyl-o-cresyl-  150 

Ether,  77-butyl  ethyl-  125 

Ether,  n-butyl  phenyl-  149 

Ether,  m-cresyl  ethyl-  145 

Ether,  o-cresyl  ethyl-  144 

Ether,  p-cresyl  ethyl-  146 

Ether,  m-cresyl  methyl-  136 

Ether,  o-cresyl  methyl-  135 

Ether,  p-cresyl  methyl-  137 

Ether,  dimethyl  hydroquinone-  142 

Ether,  phenyl  n-propyl-  148 

Ethyl  acetate  162 

Ethyl  alcohol  80 

Ethyl  cellulose  363 


Ethyl  ehlorocarbonate.  See  Formic 
acid,  chloro-,  ethyl  ester. 

Ethylene  chloride.  See  Ethane,  s-di- 


chloro-. 

Ethylene  glycol  91 

Ethyl  ether  124 

Ethyl  sulfide  360 

F 

Fenchone  216 

Formaldehyde  208 

Formic  acid,  chloro-,  ethyl  ester  349 

Fumaric  acid,  dibutyl  ester  186 

Fumaric  acid,  diethyl  ester  185 

Fumaric  acid,  dimethyl  ester  184 

2-Furaldehyde  210 

Furfural.  See  2-Furaldehyde. 

G 

Glucose,  tetraacetyl-  196 

Glyceride,  undecylenic-  197 

Glycidol  121 


Glycol,  2,3-butylene-.  See  2,3-Bu- 
tanediol. 

Glycol,  decamethylene-.  See  Deca¬ 


methylene  glycol. 

Glycol,  ethylene  91 

Guaiacol  122 

Guanidine,  cyano-  271 

Guanidine,  diethylol-  240 

H 

Hemimellitene  56 

Hendecane  7 

Hendecane,  2-methyl-  20 

n-Heptane  3 

7i-Heptane,  2,3-dimethyl-  14 

7i-Heptane,  2-methyl-  13 

7i-Heptane,  2,2,6-trimethyl-  15 

77-Heptylamine  236 

Hexaethylene  glycol,  maleate  ester  182 

n-Hexane  2 

n-Hexane,  2,2,5-trimethyl-  12 

2.5- Hexanedione  222 

fcis-Hexatriene  dimer  36 

1.3.5- Hexatriene,  2,5-dimethyl-  30 

I 

Indene  77 

Isoamylene,  tri-  35 

Isoamyl  ether  128 


Isobutane.  See  Propane,  2-methyl-. 
Isobutylene.  See  Propene,  2-methyl-. 


I  (Contd.) 


Curv< 

No. 


Isobutylene,  di- 
Isobutylene,  poly- 
Isobutylene,  tetra- 
Isobutylene,  tri- 
Isobutyric  acid,  a-hydroxy- 
Isocyanic  acid,  phenyl  ester 
Isodecane 

Isododecane.  See  Hendecane,  2- 
methyl-. 

Isohexadecane.  See  Pentadecane,  2- 
methyl-. 

Isopentadecane.  See  Tetradecane,  2- 
methyl-. 

Isoprene 

Isopropyl  alcohol 

Isopropyl  ether 

Itaconic  acid,  dimethyl  ester 


31 

34  $ 
33  : 

32  rF 
227 
223 

19 


27 

82 

130 

187 


Laurie  acid,  methyl  ester  175 

Linseed  oil  199 

Linseed  oil,  ethyl  esters  206 

Linseed  oil,  methyl  esters  205 

2.3- Lutidine  311 

2.4- Lutidine  312 

2,6-Lutidine  313 

M 

Maleic  acid,  dibutyl  ester  181 

Maleic  acid,  diethyl  ester  180 

Maleic  acid,  dimethyl  ester  179 

Maleic  anhydride  156 

Melamine,  diamyl-  320 

Menthadiene,  A3'a'9-p-  336 

p-Menthane  341 

/-Menthol  99 

Mesitylene  58 

Mesityl  oxide  221 

Metanilic  acid.  See  Benzenesulfonic 
acid,  777-amino-. 

Methacrylic  acid,  methyl  ester  172 

Methacrolein.  See  Acrolein,  a-methyl-. 
Methallyl  alcohol.  See  2-Buten-l-ol. 
Methallyl  chloride.  See  Propene,  3- 
chloro-2-methyl-. 

Methallyl  cyanide.  See  Propene,  3- 
cyano-2-methyl-. 

Methane,  triphenyl-  62 

Methanol  79 

Methanol,  triphenyl-  90 

Methyl  alcohol.  See  Methanol. 

Methyl  Cellosolve  96 

N 

Naphthalene  67 

jS-Naphthol  (2-naphthol)  118 

a-N aphthylamine  (1-naphthylamine)  260 
/3-N aphthylamine  (2-naphthylamine)  261 
Neat’s-foot  oil  200 

Neofat,  methyl  ester  207 

7i-Nonane  5 

Nopinene  334 


Octadecadienoic  acid,  methyl  ester  194 

Octadecanediol,  maleate  ester  183 

77-Octane  4 

7i-Octane,  2-methyl-  16 

77-Octane,  3-methyl-  17 

77-Octane,  4-methyl-  18 

Oleic  acid,  methyl  ester  176 


Orthanilic  acid.  See  Benzenesulfonic 
acid,  o-amino-. 


P 


Palmitin  203 

Pentadecane,  2-methyl-  43 
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N  (Contd.) 


Curve 

No. 


i-Pentane 

i-Pentane,  2,2-dimethyl- 
s-Pentane,  2,2,4-trimethyl- 
i-Pentane,  2,3,4-trimethyl- 
-a-Phellandrene 
’henanthrene 
’henetole 

5henetole,  p-phenyl- 
5henol 
r’henol,  p-tert- amyl- 
Phenol,  o-benzyl- 
?henol,  p-benzyl- 
Phenol,  o-bornyl- 
Phenol,  p-bornyl- 
Phenol,  p-tert- butyl- 
Phenol,  2-terf-butyl-4,6-dinitro- 
Phenol,  4-lerf-butyl-2,6-dinitro- 
Phenol,  o-chloro- 
Phenol,  p-chloro- 
Phenol,  6-c\'clo  hexyl-2,4- dinit  TO- 
Phenol,  m-ethyl- 
Phenol,  o-ethyl- 
Phenol,  p-ethyl- 
Phenol,  m-nitro- 
Phenol,  o-nitro- 
Phenol,  p-nitro- 
Phenol,  o-phenyl- 
Phenol,  p-phenyl- 
Phenyl  ether 
Phosgene 

Phosphoric  acid,  trimethallyl  ester 
hthalic  acid,  diallyl  ester 
hthalic  acid,  diamyl  ester 
hthalic  acid,  dibutyl  ester 
hthalic  acid,  dimethyl  ester 
hthalic  acid,  vinyl  tetrahydro- 
hthalic  anhydride 

’hthalic  anhydride,  isopropenyl 
methyl  tetrahydro- 
-Picoline 
-Picoline 
-Picoline 
'inane 
!-Pinene 

i-Pinene.  See  Nopinene. 

’iperylene 

'olyisobutylene.  See  Isobutylene, 
poly-. 

5olyvinyl  alcohol 
r’ropane,  2-methyl- 
Jropane,  1-nitro- 
. -Propanol,  2-nitro- 


1 

9 

10 

11 

335 

68 

143 

147 

100 

105 
110 
111 

106 

107 
104 

304 

305 

351 

352 

306 
102 
101 
103 

299 
298 

300 

108 
109 
154 
345 
362 

191 
193 

192 
190 
234 

159 

160 

308 

309 

310 
340 
333 

29 


P  (Contd.) 

2-Propanol,  2-methyl- 
Propene,  3-cyano-2-methyl- 
Propene,  3-chloro-2-methyl- 
Propene,  2-methyl- 
Propionic  acid,  ethyl-/3-ethoxy  ester 
n-Propyl  alcohol 

Propylamine,  di-n-.  See  Dipropj 
amine. 

Propylene  chloride 
Propylidene  chloride 
Pseudocumene 
Pyrazine 
Pyridazine 

Pyridine,  2,3-dimethyl- 
Pyridine,  2,4-dimethyl- 
Pyridine,  2,6-dimethyl- 
Pyridine,  2-methyl- 
Pyridine,  3-methyl- 
Pyridine,  4-methyl- 
Pyridine,  2,4,6-trimethyl- 

Pyrimidine  _ 

Pyrimidine,  2-ainino-l-chlo r*o- 
Pyrimidine,  2,4-dichloro-6-methyl- 
Pyrrole 


Q 


Quinoline 
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CURVES  (Contd.) 

Curve 

Curve 

No. 

S  (Conte/,) 

No. 

94 

o-Sulfanilamide  (B  form) 

256 

288 

p-Sulfanilamide  (B  form) 

258 

348 

p-Sulfanilamide  (C  form) 

259 

28 

164 

Sulfanilic  acid 

255 

81 

T 

65 

1- 

Terphenyl 

a-Terpineol 

338 

346 

/3-Terpineol 

337 

347 

Terpinolene 

332 

57 

Tetradecane,  2-methyl- 

21 

317 

Tetraisobutylene.  See  Isobutylene, 

315 

tetra-. 

359 

311 

Thiophene 

312 

m-Tolualdehyde 

213 

313 

T  oluene 

71 

308 

Toluene,  wi-chloro- 

356 

309 

Toluene,  o-chloro- 

355 

310 

Toluene,  p-chloro- 

357 

314 

Toluene,  trinitro- 

307 

316 

m-Toluic  acid 

232 

318 

o-Toluic  acid 

231 

328 

p-Toluic  acid 

233 

319 

m-Toluidine 

245 

o-Toluidine 

244 

p-Toluidine 

246 

p-Toluidine,  dehydrothio- 

326 

322 

Triethylene  glycol  diacetate.  See 
Ethanol,  2,2'-(ethylenedioxy)di-, 

95 

23 

290 

294 


Resorcinol 
Resorcinol,  2-ethyl- 
Retene 
Riboflavin 


Salicylaldehyde 
Salicylaldehyde,  oxime 
Salicylamide 

Sebacic  acid,  diallyl  ester 

Sorbic  acid,  methyl  ester 

Soybean  oil 

Stearin 

Stilbene 

Styrene 

Styrene,  p,«-dimethyl- 
Styrene,  2,3-dimethyl- 
Styrene,  2,4-dimethyl- 
Styrene,  p-methyl- 
Succinic  acid,  ethyl  ester 
m-Sulfanilamide  (B  form) 


120 

123 

69 

325 


212 

329 

265 

189 

174 

201 

202 

61 

72 

74 

75 

76 

73 
163 
257 


diacetate  ester. 

Triisoamylene.  See  Isoamylene,  tri-. 
Triisobutylene.  See  Isobutylene,  tri-. 
Tripalmitin.  See  Palmitin. 
Tristearin.  See  Stearin. 

Tung  oil 

Tung  oil,  methyl  esters 

u 

n-Undecane.  See  Hendecane. 
Undecylenic  acid 

Undecylenic  glyceride.  See  Glyceride, 
undecylenic-. 

Urea 

Urea,  benzyl- 

Urea,  N.N'-diethyl-N.N'-diphenyl- 
Urea,  n-phenyl- 


m-Xylene 

o-Xylene 

p-Xylene 


198 

204 


228 


263 

267 
269 

268 


53 
52 

54 


BOOK  REVIEWS 


A.  S.  T.  M.  Methods  of  Chemical 
Analysis  of  Metals 

The  1943  volume  of  A.  S.  T.  M.  Methods  of  Chemical  Analysis  of 
Metals  contains  tentative  recommended  practices  for  reagents  and 
apparatus,  two  sampling  methods,  and  seventeen  standard  and  ten¬ 
tative  methods  of  chemical  analysis,  comprising  four  methods  for 
analyzing  ferrous  metals,  ten  methods  for  nonferrous  metals  and 
alloys,  and  three  methods  of  quantitative  spectrochemical  analysis 
of  nonferrous  metals.  Published  as  information  only  are  methods 
for  the  chemical  analysis  of  special  brasses  and  bronzes,  and  of  white 
metal  bearing  alloys;  also  a  procedure  for  aluminum  in  solder  metal, 
and  methods  of  sampling  wrought  metals  and  alloys  for  determination 
of  chemical  composition.  The  book  also  includes  a  list  of  standard 
samples  of  metals  issued  by  the  National  Bureau  of  Standards  and  a 
good  index. 

Work  leading  to  the  issuance  of  the  book  has  been  under  way  for 
many  months,  particularly  in  Committee  E-3  on  Chemical  Analysis 
of  Metals  headed  by  G.  E.  F.  Lundell  of  the  National  Bureau  of 
Standards.  Committee  E-2  on  Spectrographic  Analysis  formulated 
the  methods  of  spectrochemical  analysis. 

The  book,  323  pages,  is  available  at  S3  per  copy  from  the  American 
Society  for  Testing  Materials,  260  South  Broad  St.,  Philadelphia  2, 
Penna.  Individual  test  methods  are  available  in  separate  pamphlet 
form. 

Spectrographic  Analysis 

Two  tentative  methods  developed  by  Committee  E-2  of  the 
American  Society  for  Testing  Materials  cover  tentative  spectro¬ 
chemical  methods  for  the  determination  of  impurities  in  tin  alloys 
(E51-43T)  and  in  lead  alloys  (E49-43T). 

The  method  involving  lead  alloys  gives  a  procedure  for  the  deter¬ 
mination  of  0.001  to  0.30  per  cent  of  antimony,  arsenic,  barium,  bis¬ 
muth,  copper,  iron,  magnesium,  nickel,  silver,  strontium,  tin,  and 
zinc  in  lead,  lead-calcium,  and  lead-antimony  alloys,  with  an  average 
precision  of  ±  10  per  cent  of  the  amount  of  the  element  sought.  It  is 
also  applicable  to  other  alloys  of  high  lead  content  except  those  con¬ 
taining  a  large  proportion  of  tin. 

The  method  for  tin  alloys  covers  the  determination  of  0.001  to  1.0 
per  cent  of  antimony,  and  0.001  to  0.3  per  cent  of  aluminum,  arsenic, 
bismuth,  copper,  iron,  lead,  nickel,  and  zinc  in  solders,  bronzes,  tin 
base  die-cast  alloys,  and  other  alloys  high  in  tin. 

An  additional  procedure  making  use  of  photometric  measurement 
has  been  included  in  the  tentative  method  of  quantitative  spectro¬ 
chemical  analysis  of  zinc  alloy  die  castings  for  minor  constituents  and 
impurities  (E27-40T). 

The  revised  methods  of  test  for  quantitative  spectrochemical 
analysis  of  zinc  for  lead,  iron,  and  cadmium  (E26-35T)  may  be 
applied  to  any  grade  of  zinc,  providing  the  lead,  iron,  and  cadmium 
contents  are  less  than  0.1  per  cent. 


Semimicro  Qualitative  Analysis.  James  T.  Dobbins,  x  +  423 
pages.  John  Wiley  &  Sons,  Inc.,  New  York,  N.  Y.,  1943.  Price, 
$3.00. 

A  textbook  containing  a  set  of  experiments  illustrating  the  funda¬ 
mental  principles;  a  complete  systematic  scheme  of  separation  of  the 
anions;  and  methods  reducing  time  required  for  a  complete  analysis. 


Semimicro  Qualitative  Analysis.  John  F.  Flagg  and  Willard.  R.  Lin , 
viii  +  140  pages.  D.  Van  Nostrand  Co.,  Inc.,  New  York,  N.  Y 
1943.  Price,  $1.50. 

A  course  in  applied  chemical  equilibrium.  Includes  chapters  o 
basic  theory  and  notes  adjoining  the  laboratory  procedures,  in  whicl 
the  application  of  the  theory  is  pointed  out. 


Delivery  of  Laboratory  Equipment 

Limitation  Order  L-144,  governing  the  delivery  of  laboratory 
equipment,  was  amended  October  9,  1943,  in  order  to  simplify  anc 
clarify  the  provisions  of  the  order  and  reduce  the  number  of  applica¬ 
tions  to  be  filed  by  users  of  laboratory  equipment. 

Restrictions  are  entirely  eliminated  on  the  delivery  of  any  iten 
costing  less  than  S50,  a  quantity  of  the  same  item  costing  $50  or  more 
a  miscellaneous  order  aggregating  S200  or  more,  accessories  anc 
attachments  when  sold  separately,  or  parts  or  materials  to  be  used 
for  repair  and  maintenance  of  existing  instruments. 

Form  WPB-1414  is  required  for  instruments  included  in  List  A 
costing  S50  or  more. 

List  A.  Analytical  balances  (sensitivity  0.2  mg.  or  more  sensitive) , 
calorimeters,  centrifuges,  hydrogen-ion  meters  (electrometric), 
metalloscopes,  microscopes  (except  Brinell  and  tool  makers),  micro¬ 
tomes,  potentiometers,  Wheatstone  bridges,  and  resistance  boxes, 
refractometers,  spectrographs,  spectroscopes,  spectrometers,  and 
spectrophotometers,  and  vacuum  pumps  (1  micro  or  higher  vacuum). 

Laboratories’  Rating  for  Reagent 
Chemicals  Raised 

Preference  ratings  on  deliveries  of  reagent  chemicals  for  laboratory 
use  were  reassigned  September  28  by  the  War  Production  Board 
through  issuance  of  Preference  Rating  Order  P-135  as  amended. 
Preference  rating  AA-1  is  assigned  to  deliveries  of  any  reagent  chemi¬ 
cal  to  any  laboratory  to  which  a  serial  number  has  been  assigned 
under  Preference  Rating  Order  P-43,  governing  laboratory  equipment, 
and  to  any  laboratory  owned  and  operated  by  the  Army  or  Navy. 
Preference  Rating  AA-2  is  assigned  to  deliveries  of  any  reagent  chemi¬ 
cal  to  any  laboratory  lacking  a  serial  number  under  Order  P-43  or  to 
a  distributor  or  producer  of  reagent  chemicals.  Order  P-135  formerly 
assigned  a  blanket  rating  of  AA-2X  to  reagent  chemicals  for  labora¬ 
tories. 

The  amended  order  defines  “laboratory”  as  meaning  "any  person 
engaged  in  the  business  of  carrying  on  scientific  or  technological  in¬ 
vestigation,  testing,  development  or  experimentation,  to  the  extent 
that  he  is  so  engaged.  The  term  includes  research  laboratories,  pro¬ 
duction  control  laboratories,  clinical  laboratories,  and  instructional 
laboratories.  It  does  not  include  any  person  to  the  extent  that  he  is 
engaged  in  the  manufacture  of  products  for  commercial  sale,  even 
though  the  place  in  which  the  products  are  manufactured  may  be 
called  a  laboratory.” 

Supplementary  Order  P-135-a  also  was  amended  to  exempt  from 
certification  the  delivery  to  or  acceptance  of  delivery  by  a  laboratory 
of  not  more  than  10  per  cent  of  the  quantity  of  reagent  chemicals  in 
any  period  which  are  exempt  from  specific  authorization  under  the 
small  order  clause. 
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Polymer  Distribution  of  Varnish  Resins 

H.  E.  ADAMS  AND  P.  O.  POWERS,  Armstrong  Cork  Company,  Lancaster,  Penna. 


An  approximate  estimate  of  the  distribution  of 
polymers  in  varnish  resins  may  be  made  by  precipi¬ 
tating  the  resin  from  dilute  solution  with  measured 
amounts  of  a  nonsolvent,  while  determining  the 
decrease  in  light  transmission  through  the 
medium.  This  titration  is  reasonably  rapid  and 
can  be  carried  out  in  20  minutes.  This  method 
has  been  used  with  hydrocarbon  resins,  rosin- 
modified  phenolic  and  maleic  resins,  and  pure 
phenolic  resins  using  toluene  as  the  solvent  and 
methanol  or  hexane  as  the  nonsolvent.  The  titra¬ 
tion  curves  obtained  in  this  manner  may  be 
used  to  compare  resins  of  the  same  type.  To 
estimate  polymer  distribution  from  these  curves, 
the  concentration  of  nonsolvent  at  which  carefully 
separated  fractions  of  a  resin  are  precipitated 
must  be  determined. 

THE  distribution  of  polymers  in  commercial  resins  used  in 
the  manufacture  of  paints  and  varnishes  has  never  been 
reported.  Since  these  resins  are  considerably  lower  in  molecular 
weight  than  the  resins  used  as  plastics  whose  polymer  distribution 
has  in  many  cases  been  established,  the  determination  might  be 
expected  to  be  rather  simpler.  However,  the  polymers  in  com¬ 
mercial  resins  are  often  built  up  from  several  different  types  of 
molecules.  This  results  in  a  greater  complexity  in  the  types  of 
polymers  formed. 

Determination  of  the  cloud  point  (2)  of  varnish  resins  in 
many  instances  gives  a  useful  index  of  the  solubility  and  hence 
the  degree  of  polymerization  of  a  resin.  It  has  been  found  in 
some  cases,  however,  that  two  resins  of  the  same  type  and  of  the 
same  cloud  point  are  not  identical  in  all  their  properties.  This 
difference  is  probably  due  to  a  difference  in  the  distribution  of 
the  polymers  in  the  two  resins.  It  was  desired  to  develop  a 
method  that  would  quickly  establish  such  differences. 

Polymer  distribution  has  often  been  effected  by  fractional 
precipitation  of  the  resin  from  solution.  The  fractions  are  sepa¬ 
rated  and  their  properties  determined.  This  method  is  time- 
consuming  and  while  it  has  been  used  in  these  laboratories,  it  is 
much  too  slow  for  routine  examination  of  samples  of  resins. 

Nephelometric  methods  have  been  used  widely  to  measure 
the  amount  of  a  precipitate.  McNally  (I)  has  described  a 
method  for  measuring  the  transmission  of  light  through  a  solution 
of  a  synthetic  resin  during  precipitation  by  a  nonsolvent.  A 
photronic  cell  was  used  to  measure  the  transmission,  which  varied 
inversely  with  the  amount  of  resin  precipitated. 

Schulz  ( 3 )  has  shown  that  the  amount  of  nonsolvent  required 
to  precipitate  a  polymer  is  a  measure  of  its  degree  of  polymeriza¬ 


tion.  Thus  the  distribution  of  polymers  in  a  resin  may  be 
estimated  if  the  transmission  during  precipitation  and  the  con¬ 
centration  of  nonsolvent  required  to  precipitate  a  polymer  are 
known.  Even  where  the  polymer-nonsolvent-concentration 
relationship  has  not  been  established,  the  results  of  precipitation 
are  valuable  in  comparing  resins  of  the  same  class. 

Apparatus  and  Method 

The  titration  was  conducted  in  a  square  pint  jar  which  had 
been  painted  black  except  for  two  windows  on  opposite  sides 
about  2.5  X  7.5  cm.  (1X3  inches).  Light  entered  through  one 
window  from  an  automobile  head  lamp  with  a  parabolic  reflector, 
using  a  6-volt  storage  battery  as  a  source  of  current.  The  re¬ 
flector  was  covered  except  for  a  small  window,  placed  in  front  of 
the  titration  jar  (Figure  1).  The  photronic  cell  (Weston  No.  594) 
was  placed  in  front  of  the  other  window.  The  circuit  used  to 
measure  the  cell  voltage  is  shown  in  Figure  2. 

A  1.5-volt  dry  cell  was  used  as  source  of  voltage.  The  poten- 


Figttke  1.  Titration  Apparatus 


711 


712 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  12 


tiometer  was  wire-wound  and  had  a  spread  of  about  180°.  A 
dial  reading  0  to  100  was  used  to  measure  the  position  of  the  null 
point.  Resistances  Rt  to  Rt  were  carbon  resistors.  The  values 
are  those  actually  used,  but  are  not  critical.  These  resistors 
make  it  possible  to  titrate  solutions  of  dark-colored  resins,  since 
changes  in  transmission  at  low  intensities  can  be  measured  if  a 
high  resistance  is  used. 


R. 


Figure  2.  Photronic  Cell  Circuit 


So. 

1092  ohms 

So. 

1.5  volts 

Si. 

957  oh  ma 

c. 

Photronic  cell 

s,. 

5108  ohms 

a. 

Microammeter 

Si. 

9489  ohms 

Si. 

27,500  ohms 

Si. 

97,000  ohms 

The  solution  of  the  resin  and  the  nonsolvent  were  brought  to 
25°  C.  To  conduct  a  titration,  80  cc.  of  the  solution  of  the  resin, 
usually  in  toluene  at  0.05  per  cent  solids,  were  added  to  the  jar 
and  the  nonsolvent  was  added  with  stirring  by  an  air-driven 
agitator.  The  rate  of  stirring  must  be  sufficiently  great  to  ensure 
complete  mixing,  but  must  not  cause  the  introduction  of  air 
bubbles  into  the  solution.  A  nonsolvent,  usually  methanol,  was 
added  until  it  was  apparent  that  precipitation  was  about  to  occur. 
The  microammeter  was  balanced,  using  the  switch  setting  giving 
the  largest  reading  on  the  potentiometer  scale.  Small  amounts 
of  methanol  were  added  and  the  circuit  was  again  balanced.  The 


40  SO  60 


reading  just  before  precipitation  started  was  taken  as  a  measure 
of  the  initial  transmission,  70.  Small  amounts  of  precipitant 
were  added  and  the  transmission,  I,  was  determined  after  each 
addition.  Decrease  in  transmission  occurs  rapidly  at  first  and 
the  titration  is  complete  when  further  addition  of  precipitant  does 
not  further  decrease  the  transmission. 

It  might  be  expected  that  transmission  would  increase  by  dilu¬ 
tion,  but  generally  such  increase  was  not  observed.  The  appara¬ 
tus  and  method  were  checked  by  precipitating  inorganic  salts 
and  it  was  found  the  extinction,  —log  I/I0,  measured  the 
amount  of  the  precipitate  at  low  concentration. 

Titration  of  Varnish  Resins 

To  establish  the  range  of  precipitation  and  conditions  for  titra¬ 
tion,  a  variety  of  varnish  resins  was  dissolved  in  toluene  (0.5  per 
cent  solution)  and  precipitated  by  the  addition  of  methanol. 
Figure  3  shows  that  an  estimate  of  polymer  distribution  is  possible 
for  several  types  of  varnish  resins.  H 1 ,  H2 ,  and  H3  are  coumarone- 
indene  resins  of  successively  decreasing  molecular  weight.  A 
maleic  rosin  resin  (MR1)  and  a  rosin-modified  phenolic  (PR1) 
resin  were  also  titrated,  and  the  results  are  shown  in  Figure  3. 
These  resins  are  typical  of  the  less  soluble  varnish  resins.  The 


FIGURE  7 

POLYMER 

DISTRIBUTION 

RESIN  H-4 

xrl 

X 

.OV^ 

_ ^ 

4  6  8  10 

POLYMER 


December  15,  1943 


ANALYTICAL  EDITION 


713 


results  show  the  wide  range  of  composition  of  commercial  resins. 
Polystyrene  (PS)  is  also  included;  it  is  much  higher  in  molecular 
weight  than  the  other  resins.  The  decrease  in  transmission  is  due 
to  the  resin  settling  out  of  solution;  this  can  be  overcome  by 
using  a  more  dilute  solution. 

Titrations  are  probably  more  significant  if  run  at  lower  con¬ 
centration.  Figure  4  shows  the  results  of  titrating  the  same  resin 
at  three  different  concentrations.  It  will  be  noted  that  higher 
concentration  of  nonsolvent  may  be  required  to  start  precipita¬ 
tion  at  low  concentration.  Estimates  of  molecular  size  from 
precipitability  determinations  may  therefore  depend  on  con¬ 
centration  of  the  resin,  which  should  be  constant  for  such  de¬ 
terminations. 

Polymer  Distribution 

The  titration  curves  are  believed  to  be  a  sufficient  basis  for 
comparison  of  commercial  varnish  resins.  However,  to  correlate 
a  titration  with  polymer  distribution,  a  coumarone-indene  resin 
was  fractionated  by  partial  solution,  resulting  in  seven  fractions, 
and  the  molecular  weight  of  the  fractions  was  determined  by 

depression  of  the  melting  point  of  pure  benzene. 

The  titration  curves  of  these  fractions  are  shown  in  Figure  5. 
The  first  two  more  soluble  fractions  did  not  precipitate  on  titra¬ 
tion.  The  other  fractions  gave  varying  amounts  of  precipitate, 
only  the  last  fraction  being  entirely  precipitated,  showing  presence 
of  lower  polymers  in  these  fractions. 

Since  the  results  of  the  titration  and  molecular  weight  deter¬ 
minations  indicated  that  the  decamer  was  precipitated  at  37  per 
cent  nonsolvent  and  the  tetramer  at  73  per  cent  nonsolvent,  the 
Schulz  ( 3 )  equation 

7*  =  A  +  B/X 

where 

7*  *=  concentration  of  nonsolvent 

X  =  degree  of  polymerization 

and 

A  and  B  =  constants 


AO 

X  NON 


SOLVENT 


was  used  to  estimate  the  range  in  which  each  polymer  is  thrown 
down.  From  the  above  values 


2.42 

7*  =  0.13  + 


The  range  for  each  polymer  by  this  relationship  is  shown  in 
Figure  6.  The  amount  in  each  fraction  is  estimated  by  the 
differential  of  -log  I/h  and  the  values  for  the  fractions  are 
summed  in  Figure  7.  A  similar  estimate  of  the  distribution  of 
the  resin  was  made  from  the  titration  of  the  original  resin  and,  as 
might  be  expected,  shows  a  somewhat  narrower  distribution. 
It  is  apparent  that  the  lower  polymers  are  not  estimated  by  this 
method.  The  results  also  suggest  a  mutual  solubility  effect  of 
various  polymers,  resulting  in  incomplete  separation. 

In  many  cases  the  high  polymers  determine  the  character  of 
the  resin,  and  an  estimate  of  the  range  and  amount  of  these  poly¬ 
mers  afford  significant  information  on  the  composition  of  a  resin. 

To  determine  if  utration  would  measure  small  differences  in  the 
composition  of  a  resin,  mixtures  of  two  hydrocarbon  resins  of 
somewhat  similar  properties  were  examined.  It  will  be  noted 
(Figure  8)  that  the  curves  indicate  the  presence  of  larger  amounts 
of  higher  polymers  as  the  content  of  the  less  soluble  resin  is  in- 
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creased.  Resins  of  equal  cloud  point  may  have  somewhat  different 
properties.  The  titration  curve  of  two  such  resins,  H5  and  H6, 
is  shown  in  Figure  9.  Resin  H5  has  a  higher  content  of  large 
polymers. 

Titration  of  Rosin-Modified  Phenolic  Resins 

Titration  curves  were  determined  for  samples  of  several  com¬ 
mercial  rosin-modified  phenolic  resins,  PR2-6,  and  of  a  “pure” 
phenolic  resin,  PI  (Figure  10).  The  resins  having  the  greatest 
amount  of  material  precipitated,  as  measured  by  —log  I /la,  at 
low  nonsolvent  concentrations  are  the  more  viscous,  higher  melt¬ 
ing,  and  less  soluble.  The  pure  phenolic,  PI,  is  one  of  the  more 
soluble  of  its  class. 

No  attempt  has  been  made  to  estimate  polymer  distribution 
from  these  titrations,  as  data  are  not  available  on  molecular 
weight  and  precipitability  of  fractions  of  these  resins.  However, 
it  is  known  that  ester  gum  is  not  precipitated  under  the  condi¬ 
tions  of  titration.  Thus  the  material  precipitated  is  phenolic 
resin  and  condensates  of  the  phenolic  resin  with  rosin  glyceride. 

A  series  of  rosin-modified  phenolic  resins,  PR7,  8,  9,  and  10, 
was  titrated.  These  resins  differ  chiefly  in  the  content  of  pheno¬ 
lic  resin  which  increases  in  each  successive  sample.  The  pre¬ 


cipitation  with  methanol  is  in  agreement  with  this  composition 
(Figure  11).  However,  the  results  with  PR10  were  unexpected, 
since  its  titration  curve  nearly  coincided  with  that  of  PR7.  It  is 
believed  that  the  higher  content  of  polar  groups  introduced  by 
the  higher  phenolic  content  is  responsible  for  this  result.  Titrat¬ 
ing  PR7  and  PR10  with  hexane  the  resins  are  in  the  expected 
order.  The  results  at  two  concentrations  are  shown  in  Figure  12. 

Conclusions 

A  rapid  and  simple  method  for  the  estimation  of  polymer  dis¬ 
tribution  by  titration  of  a  solution  of  a  varnish  resin  with  non¬ 
solvent  has  been  used  with  hydrocarbon  and  modified  phenolic 
resins,  and  minor  differences  in  resins  can  be  quickly  shown. 
The  method  outlined  here  is  tentative  and  better  conditions  of 
determination  are  undoubtedly  possible. 
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Constituents  of  Carotene  Extracts  of  Plants 

A.  R.  KEMMERER  AND  G.  S.  FRAPS,  Texas  Agricultural  Experiment  Station,  College  Station,  Texas 


The  crude  carotene  extracts  of  a  number  of  ma¬ 
terials  as  analyzed  by  adsorption  in  calcium 
hydroxide  contained  from  2.8  to  39.5  per  cent  of 
impurity  A,  which  consists  of  several  pigments, 
26.4  to  95.4  per  cent  of  beta-carotene,  0  to  18.1  per 
cent  of  a  neo-beta-carotene,  0  to  26.7  per  cent  of  a 
new  pigment  termed  provisionally  carotenoid  X, 
and  in  a  few  cases  alpha-carotene  and  neo-alpha- 
carotene.  Biological  assays  show  that  carotenoid 
X  does  not  possess  vitamin  A  activity  and  that  the 
neo-beta-carotene  found  has  approximately  one 
half  the  potency  of  beta-carotene.  The  carotene 
solutions  prepared  by  several  widely  used  methods 
for  carotene  were  found  to  contain  appreciable 
amounts  of  impurities,  especially  carotenoid  X. 
All  the  methods  heretofore  proposed  give  only 
approximately  correct  results  for  carotene. 


THE  exact  determination  of  carotenes  in  foods  and  feeds  is  of 
great  practical  and  scientific  importance  because  of  their 
vitamin  A  potency.  Beadle  and  Zscheile  (8)  have  recently  shown 
that  a  neo-beta-carotene  is  present  in  carotene  extracts  of  fresh 
spinach  and  other  fresh  vegetables;  the  relative  quantities  of 
beta-  and  the  neo-beta-carotene  were  calculated  from  light- 
absorption  data  obtained  with  a  photoelectric  spectrophotom¬ 
eter.  Chromatographic  analyses  have  shown  that  magnesium 
oxide  will  separate  cryptoxanthol,  neo-cryptoxanthol,  beta- 
carotene,  K-carotene,  alpha-carotene,  and  unidentified  pig¬ 
ments  (3)  which  are  not  biologically  active.  According  to 
Gillam,  El  Ridi,  and  Kon  ( 6 )  and  Beadle  and  Zscheile  (2),  mag¬ 
nesium  oxide  does  not  separate  neo-beta-carotene  from  beta- 
carotene.  Zechmeister  and  Tuzson  (16)  report  that  calcium 
hydroxide  separates  them. 

Preliminary  work  in  this  laboratory  showed  that  calcium 
hydroxide  used  in  chromatographic  analyses  separated  not  only  a 


neo-beta-carotene  from  beta-carotene,  but  also  a  carotenoid 
which  has  not  previously  been  reported  to  occur  naturally,  here 
termed  carotenoid  X.  Further  study  of  the  constituents  of 
crude  carotene  obtained  by  different  methods  and  from  various 
sources  is  thus  necessary. 

Experimental 

Zechmeister  and  Tuzson  (16)  and  Beadle  and  Zscheile  (2)  have 
pointed  out  that  beta-carotene  partially  isomerizes  into 
pseudo-alpha-carotene  (a  neo-beta-carotene)  when  it  is  warmed 
in  various  solvents.  Polgdr  and  Zechmeister  (IS)  by  various 
treatments  produced  about  12  isomers  of  beta-carotene.  They 
found  that  after  refluxing  beta-carotene  in  petroleum  ether  the 
relative  photometric  ratios  of  the  four  pigments  formed  were 
neo-beta-carotene  U  4,  beta-caroten 1  86,  neo-beta-carotene  B  8, 
neo-beta-carotene  E  1,  and  a  labile  isdA^er  1. 

In  the  authors’  laboratory  solution?  crystalline  commercial 
carotene  which  had  been  purified  by  soWvon  in  chloroform  and 
precipitation  with  methyl  alcohol  (6/  ’we4revubjected  to  the  treat¬ 
ments  shown  in  Table  I  and  the  pigmt"11^8  .re  then  separated  by 


Table  I.  Effect  of  Treatment  on  Constituents  of  Purified 

Carotene 


Treatment 

Dissolved  in  petroleum  ether 

Impurity 

% 

at  room  temperature 

Boiled  30  minutes  in  hexane 

1.2 

solution 

0.6 

Boiled  30  minutes  in  ethanol 
Boiled  30  minutes  in  alcoholio 

0.6 

KOH 

Saponified  5  minutes  in  alco¬ 
holic  KOH  at  room  tempera¬ 

0.3 

ture 

0.5 

Boiled  30  minutes  in  methanol 

1.0 

Beta- 

Carotene 

Neo-Beta- 

Carotene 

Alpha- 

Carotene 

% 

% 

% 

82.2 

0.0 

16.6 

72.9 

65.9 

9.0 

18.8 

17.5 

14.7 

59.8 

17.1 

22.8 

83.3 

71.7 

0.0 

10.4 

16.2 

16.9 
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Table  II.  Constituents  of  Crude  Carotene 


Alfalfa,  dehydrated 


Crude 
Carotene, 
A.  O.  A.  C. 
Method 

P.  p.  m. 

25.0 

200.0 


Apricots,  canned 
Bermuda  grass,  fresh 
Bur  clover,  fresh 
Carrots,  fresh 
Carrots,  dehydrated 

Collards,  fresh 
Hegari  silage 
Johnson  grass,  fresh 
Oat  plants,  fresh 
Sumac  sorghum  silage 

Sweet  potatoes,  freBh 
Swiss  chard,  fresh 
Turnip  greens,  fresh 


12'.  8 
56.4 

36.’ 9 


38.8 
4.8 

144.8 

52.0 

io.'s 

45.0 

59.8 

42.8 


Crude 


Carotene, 

Cold 

Loss  in 

Impurity 

Saponifi- 

Ca(OH)j 

cation 

Column 

A 

P.  p.  m. 

% 

% 

23.5 

3.7 

27.0 

172.5 

4.8 

9.4 

31.7 

7.9 

30.8 

105.0 

10.5 

14.9 

142.0 

8.8 

12.7 

102.5 

2.8 

29.7 

120.0 

8.7 

10.7 

188.3 

0.4 

5.8 

11.4 

3.1 

30.8 

54.0 

7.4 

6.4 

80.0 

12.5 

3.7 

39.3 

2.5 

6.5 

648.0 

7.4 

5.7 

1048.0 

6.4 

2.8 

42.0 

6.5 

5.7 

5.1 

20.3 

31.1 

138.0 

11.7 

6.7 

53.6 

0.4 

6.3 

4.0 

10.0 

39.5 

10.0 

9.0 

32.5 

43.0 

2.8 

11.7 

59.8 

1.5 

3.6 

41.3 

8.5 

4.6 

Constituents 


Neo- 

Alpha- 

Carot- 

Beta- 

beta- 

enoid 

caro- 

caro- 

caro- 

X 

tene 

tene 

tene 

% 

% 

% 

% 

0.0 

66.4 

6.6 

12.6 

65.9 

10.1 

2.0 

26.1 

37.5 

5.6 

20.2 

46.8 

18.1 

20.5 

50.2 

16.6 

26.7 

26.4 

17.2 

0.0 

75.3 

14.0 

23.1 

53.3 

17.8 

5.9 

56.1 

7.2 

8.4 

80.0 

5.2 

0.0 

89.1 

7.2 

28.8 

0.0 

64.7 

0.0 

0.0 

63.3 

2.3 

28.7 

1.2 

66.4 

3.3 

26.3 

8.0 

79.0 

7.3 

16.0 

52.9 

0.0 

.  .  . 

12.4 

73.1 

6.5 

1.3 

9.4 

78.0 

6.3 

18.8 

37.5 

4.2 

.  .  . 

14.5 

45.6 

7.4 

5.4 

77.8 

3.7 

1.4 

0.0 

83.5 

11.2 

1.7 

0.0 

95.4 

0.0 

0.0 

terials  the  quantities  ranged  from  2.3  to 
18.1  per  cent.  Carrots  contained  26  to 
29  per  cent  of  alpha-carotene,  and  very 
small  amounts  were  found  in  some  of  the 
other  samples.  Impurity  A,  which  in¬ 
cludes  several  bands  in  the  upper  part 
of  the  column  above  carotenoid  X,  ranged 
from  2.8  per  cent  of  the  pigments  with 
carrots  to  39.5  per  cent  with  sumac 
sorghum  silage.  Alfalfa  meal  contained 
from  5.8  to  30.8  per  cent.  Apricots  con¬ 
tained  30.8  per  cent  of  impurity  A,  a 
portion  of  which  was  lycopene.  Carot¬ 
enoid  X,  which  formed  a  band  just  above 
the  beta-carotene,  ranged  from  0  to  26.7 
per  cent.  The  beta-carotene  was  as  low 
as  26.4  per  cent  in  one  sample  of  alfalfa 
and  as  high  as  95.4  per  cent  in  fresh 
turnip  greens.  The  neo-beta-carotene 
band  was  below  the  beta-carotene  and 
above  the  alpha-carotene  band,  when 
alpha-carotene  was  present. 

It  is  desirable  to  know  the  quantity 


chromatographic  analysis  in  a  column  of  calcium  hydroxide. 
The  amounts  of  each  pigment  were  determined  in  terms  of  caro¬ 
tene  by  means  of  a  KWSZ  photoelectric  colorimeter  {9). 

The  purified  carotene  and  the  purified  carotene  treated  with 
alcoholic  potash  at  room  temperature  did  not  contain  neo-beta- 
carotene.  When  the  carotene  was  boiled  in  a  hexane  solution 
for  30  minutes,  the  resulting  pigments  contained  9.0  per  cent 
of  a  neo-beta-carotene,  probably  neo-beta- carotene  B  (13); 
when  boiled  in  methanol,  10.4  per  cent;  when  boiled  with  alco¬ 
holic  potassium  hydroxide,  17.1  per  cent;  and  when  boiled  with 
ethanol,  18.8  per  cent.  This  shows  that  methods  which  require 
heat  cannot  be  used  in  extracting  carotene  from  plants  when 
neo-beta-carotene  and  beta-carotene  is  to  be  determined. 

In  order  to  ascertain  the  percentages  of  the  constituents  in  the 
carotene  extracts  of  various  materials,  and  to  avoid  the  formation 
of  neo-beta-carotenes,  a  method  of  saponification  at  room  tem¬ 
perature  was  used.  Enough  of  the  material  to  furnish  100  to  200 
micrograms  of  crude  carotene  was  agitated  with  150  ml.  of  12  per 
cent  alcoholic  potassium  hydroxide  for  5  minutes  in  the  jar  of  a 
Waring  Blendor  at  room  temperature.  Petroleum  naphtha 
(Skellysolve  F)  was  added,  the  solution  diluted  with  water,  and 
the  crude  carotene  extracted  with  petroleum  naphtha,  purified 
by  washing  with  methanol  as  in  the  A.  O.  A.  C.  method  for  crude 
carotene  (1),  dried  with  anhydrous  sodium  sulfate,,  and  made  up 
to  volume.  The  crude  carotene  was  determined  with  the  photo¬ 
electric  colorimeter,  the  solution  was  concentrated  in  a  vacuum 
to  about  10  or  15  ml.,  and  the  pigments  were  separated  m  a 
column  of  calcium  hydroxide.  The  chromatographic  technique 
employed  was  the  same  as  has  been  previously  described  (3, 10), 
except  that  commercial  hydrated  lime  passed  through  a  65-mesh 
sieve  was  used  instead  of  magnesium  oxide.  The  bands  of  color 
were  separated  mechanically,  the  color  was  eluted  from  each 
separation  with  petroleum  naphtha  containing  ethanol,  the  em- 
ates  were  made  up  to  volume,  and  the  color  was  read  in  a  KWoZ 
photoelectric  colorimeter  and  calculated  to  carotene  {3,  10). 

When  this  method  was  tested  with  solutions  of  purified  crys¬ 
talline  carotene,  or  carotene  in  oil,  no  detectable  amounts  of  any 
carotene  isomers  were  found. 

The  analyses  of  a  number  of  materials  by  this  method  are 
given  in  Table  II.  The  crude  carotene  in  some  of  the  samples 
was  also  determined  by  the  A.  O.  A.  C.  method  ( 1 )  and  found  to 
be  practically  the  same  as  by  the  modified  method.  The  losses 
in  the  chromatographic  analyses  ranged  from  0.4  to  20.3  per 
cent  and  were  prorated  so  that  the  ingredients  totaled  100  per 
cent  (3,  10).  As  shown  in  Table  II,  the  composition  of  the 
carotene  solutions  varied  widely  according  to  the  material  used. 
No  neo-beta-carotene  was  found  in  hegari  silage,  fresh  carrots, 
and  fresh  turnip  greens.  In  samples  from  other  kinds  of  ma- 


of  the  various  constituents  of  carotene 
secured  by  the  more  widely  used  of  the  methods  de¬ 
scribed  for  the  determination  of  carotene.  These  methods  were 
compared  on  carotenoid  solutions  all  prepared  by  treatment  with 
alcoholic  potash  and  extraction  with  petroleum  naphtha  as 
for  the  analyses  in  Table  II.  The  petroleum  naphtha  extracts 
were  treated  in  the  different  ways,  the  pigment  mixtures  obtained 
by  each  treatment  were  separated  by  adsorption  on  calcium 
hydroxide,  and  the  quantities  of  each  were  determined. 

In  method  A,  the  carotenoid  solution  was  purified  with  90  per 
cent  methanol  as  in  the  A.  O.  A.  C.  method  (1).  In  method  B,  it 
was  purified  with  dilute  diacetone  alcohol  (6  parts  of  water  and 
100  parts  of  diacetone  alcohol)  as  in  the  method  of  Hegsted, 
Porter,  and  Peterson  (5).  In  method  C,  the  extract  after 
purification  with  methanol  was  shaken  with  activated  magnesium 
carbonate  (4).  In  method  D,  the  extract  was  concentrated  and 
placed  on  a  short  column  of  magnesium  carbonate  {11).  t  he 
crude  carotene  was  washed  through  the  column  and  the  impurities 
were  adsorbed.  Method  E  is  the  same  as  D,  except  that  dical- 
cium  phosphate  was  used  {12).  Method  F  is  similar  to  D  and  E, 
except  that  the  adsorbent  consisted  of  1  part  of  magnesium  oxide 
and  3  parts  of  Supercel  as  specified  by  W all  and  Kelly  (/ 4).  Alter 
the  pigments  had  been  adsorbed,  the  crude  carotene  was  eluted  by 


Figure  1.  Absorption  Curve  of  Carotenoid  X  in 
Petroleum  Naphtha 
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Table  III.  Constituents  of  Carotene  Solutions  Obtained  by  Different 

Methods 

Constituents 


Crude 

Loss  in 

Carot- 

Beta- 

Neo- 

beta- 

Alpha- 

Caro- 

Ca(OH), 

Impurity  enoid 

caro- 

caro- 

caro- 

Method  of  Purification 

tene 

Columns 

A 

X 

tene 

tene 

tene 

P.  p.  m. 

% 

% 

% 

% 

% 

% 

Alfalfa,  dehydrated 

A. 

Methanol 

31.7 

7.9 

30.8 

26.1 

37.5 

5.6 

B. 

Diacetone 

31.0 

10.3 

20.1 

70.5 

9.4 

C. 

Methanol  and  shaking  with  X 

reagent 

24.0 

5.8 

16.3 

30.2 

46.0 

7.5 

D. 

MgCOj  column 

23.0 

0.9 

18.4 

30.7 

41.3 

9.6 

.  .  . 

E. 

CaIIPO<  column 

22.0 

1.8 

12.5 

34.3 

44.4 

8.8 

F. 

MgO  +  Supercel  column 

22.0 

15.8 

9.2 

19.8 

60.3 

10.7 

G. 

85%  HaPO, 

27.6 

7.3 

33.8 

15.5 

29.1 

21.6 

Alfalfa,  dehydrated 

A. 

Methanol 

105.0 

10.5 

14.9 

20.2 

46.8 

18.1 

B. 

Diacetone 

96.0 

9.9 

12.1 

19.7 

55.5 

12.7 

C. 

Methanol  and  shaking  with  X 

reagent 

88.0 

3.4 

4.7 

15.3 

60.0 

20.0 

D. 

MgCCh  column 

77,0 

-0.6 

1.3 

13.6 

60.6 

24.5 

... 

E. 

CaHPO<  column 

77.0 

8.4 

2.1 

14.9 

52.5 

30.5 

... 

F. 

MgO  +  Supercel  column 

71.0 

8.8 

8.3 

23.8 

47.7 

20.2 

G. 

85%  HaPO, 

83.5 

2.4 

5.5 

21.4 

49.2 

23.9 

Canned  spinach 

A. 

Methanol 

38.8 

2.6 

25.1 

21.6 

35.4 

17.3 

0.6 

B. 

Diacetone 

40.4 

9.4 

15.8 

31.7 

37.2 

13.7 

1.6 

C. 

Methanol  and  shaking  with  X 

reagent 

37.5 

1.1 

5.1 

21.5 

53  2 

18.0 

2.2 

D. 

MgCOj  column 

28.8 

3.4 

1.1 

29.8 

45.8 

22.8 

0.5 

E. 

CaHPO*  column 

34.4 

4.1 

5.1 

21.8 

44.9 

26.1 

2.1 

F. 

MgO  +  Supercel  column 

36.2 

5.8 

1.8 

22.9 

51.6 

19.9 

3.8 

G. 

85%  H,PO. 

29.5 

9.2 

3.0 

23.9 

47.7 

25.4 

Canned  pumpkin 

A. 

Methanol 

25.8 

2.7 

19.9 

46.6 

9.6 

23.9 

B. 

Diacetone 

26.2 

10.3 

12.0 

16.2 

30.2 

19.4 

22.2 

C. 

Methanol  and  shaking  with  X 

reagent 

22.8 

0.0 

4.4 

5.7 

47.3 

7.5 

35.1 

D. 

MgCOj  column 

23.2 

1.7 

3.5 

7.5 

43.8 

11.9 

33.3 

E. 

CallPOa  column 

20.6 

-2.9 

1.9 

6.1 

48.2 

13.7 

30.1 

F. 

MgO  +  Supercel  column 

21.8 

3.7 

5.7 

11.4 

40.9 

17.3 

24.7 

Dehydrated  carrots 

A. 

Methanol 

844.0 

10.6 

3.9 

63.4 

4.9 

27.8 

B. 

Diaeetone 

840.0 

17.4 

5.3 

. . . 

69.6 

5.8 

29.3 

C. 

Methanol  and  shaking  with  X 

reagent 

853.0 

12.9 

2.7 

... 

63.7 

4.5 

29.1 

D. 

MgCOj  column 

783.0 

5.1 

2.1 

... 

62.3 

4.2 

31.4 

E. 

CaliPOj  column 

763.0 

5.5 

2.6 

60.9 

6.3 

30.2 

F. 

MgO  +  Supercel  column 

875.0 

6.1 

1.9 

61.9 

5.5 

30.7 

washing  the  column  with  petroleum  ether  containing  3  to  5  per 
cent  acetone.  The  eluate  was  washed  with  water,  concentrated 
in  a  vacuum,  and  subjected  to  chromatographic  analysis.  In 
method  G  the  carotenoid  extract  was  shaken  with  85  per  cent 
orthophosphoric  acid  [Haagen-Smit,  Jeffreys,  and  Kirchner  (7)]. 

The  results  given  in  Table  III  show  that  none  of  the  methods 
of  purification  gives  a  pure  carotene  solution  of  biologically  active 
pigments.  The  solution  purified  by  methanol  contained  the 
highest  percentage  of  impurity  A.  The  solution  purified  by 
diacetone  came  next.  Phosphoric  acid  removes  considerable 
amounts  of  impurity  A  from  two  solutions  but  none  from  a  third. 
All  the  other  methods  which  involve  adsorbents  remove  appreci¬ 
able  portions  of  impurity  A,  but  not  all  of  it.  The  different 
methods  of  purification  had  little  effect  upon  the  quantities  of 
carotenoid  X.  In  some  cases  there  was  an  apparent  increase  in 
this  pigment,  but  since  the  results  are  based  upon  percentages, 
a  decrease  in  impurity  A  would  result  in  an  increase  in  other 
constituents.  The  dehydrated  carrots  contained  from  0.9  to 
5.0  per  cent  of  a  pigment  which  appeared  to  be  neo-alpha- 
carotene  and  is  included  in  Table  III  as  alpha-carotene. 

The  absorption  curve  of  carotenoid  X,  prepared  from  canned 
spinach  and  dehydrated  alfalfa  (Figure  1),  had  strong  maxima 
at  445  and  470  millimicrons  and  a  slight  maximum  at  415  milli¬ 
microns.  Biological  analyses  with  rats  by  W.  VV.  Meinke  show 
that  this  pigment  prepared  from  spinach  does  not  possess  vitamin 
A  activity. 

Discussion  of  Results 

All  methods  for  the  determination  of  carotene  gave  solutions 
containing  beta-carotene,  neo-beta-carotene,  impurity  A,  chrot- 


enoid  X,  and  in  a  few  cases  alpha- 
carotene  and  neo-alpha-carotene.  The 
relative  proportions  of  the  ingredients 
depended  upon  the  material  used  and  the 
method  of  purification.  No  method  of 
purification  had  an  appreciable  effect 
upon  the  quantity  of  carotenoid  X,  which 
appears  to  be  so  closely  related  to  beta- 
carotene  that,  like  neo-beta-carotenes,  it 
is  separated  only  by  chromatographic 
analysis  with  calcium  hydroxide.  The 
fact  that  carotenoid  X  lacks  vitamin  A 
potency  makes  it  highly  significant  in 
evaluating  the  vitamin  A  activity  of  ma¬ 
terials  from  carotene  analyses.  The  neo¬ 
beta-carotene  found  is  not  so  significant 
because  according  to  biological  tests  with 
rats  by  W.  W.  Meinke  in  this  laboratory, 
it  has  one  half  the  potency  of  beta- 
carotene.  Impurity  A  is  also  significant, 
in  that  it  has  very  little,  if  any,  vitamin  A 
activity  (15). 

Adsorption  on  calcium  hydroxide  is  a 
method  available  for  the  separation  and 
determination  of  the  various  carotenes 
in  the  mixture  obtained  in  the  analysis  of 
plant  materials.  This  method,  however, 
requires  much  time.  There  are  some 
losses  in  the  calcium  hydroxide  column 
which  can  be  reduced  by  an  experienced 
worker.  For  rapid  control  work,  it  will 
probably  be  desirable  to  determine  crude 
carotene  by  a  convenient  method  which 
at  the  same  time  gives  values  that  closely 
approximate  the  actual  amounts  of  caro¬ 
tenes  which  possess  vitamin  A  activity. 
This  crude  carotene  will  contain  colored 
impurities,  and  will  also  frequently  con¬ 
tain  carotenes  which  have  lower  biologi¬ 
cal  values  than  beta-carotene.  The  carotene  solutions  secured 
from  plants  by  any  method  of  determination  heretofore  proposed, 
except  chromatographic  separation  with  calcium  hydroxide, 
usually  contain  three  or  more  yellow  pigments,  analysis  by 
these  methods  must  be  recognized  as  giving  only  approximate 
results. 
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Chemical  and  Physical  Determinations  of 
Vitamin  A  in  Fish  Liver  Oils 

BERNARD  L.  OSER,  DANIEL  MELNICK,  AND  MORTON  PADER 
Food  Research  Laboratories,  Inc.,  Long  Island  City,  N.  Y. 


The  results  of  a  comparative  study  of  spectrophoto- 
metric  and  colorimetric  (antimony  trichloride) 
methods  for  the  estimation  of  vitamin  A  in  fish 
liver  oils  are  reported.  An  improved  method  for 
plotting  the  ultraviolet  absorption  curves  of  vita¬ 
min  A  products  is  presented,  and  applied  in  studies 
of  crystalline  vitamin  A  acetate,  fish  liver  oils,  and 
concentrates  to  evaluate  factors  which  cause  dis¬ 
tortions  in  the  curves.  Emphasis  is  placed  on  the 
importance  of  conducting  the  determination  on  the 
unsaponifiable  fraction  of  oils  regardless  of  their 
potency.  A  method  is  described  for  extracting  the 
unsaponifiable  fraction  without  the  loss  of  vitamin 
or  the  introduction  of  irrelevant  absorbing  mate¬ 
rials.  The  U.  S.  P.  reference  cod  liver  oil  No.  2  is 
shown  to  be  unsuited  as  a  spectrophotometric  or 
colorimetric  standard. 

THE  biological  vitamin  A  activity  of  food  or  pharmaceutical 
products  may  result  from  the  presence  of  a  multiplicity  of 
substances,  including  preformed  vitamin  A,  either  as  the  free  al¬ 
cohol  or  as  esters,  and  various  carotenoid  pigments,  of  which  the 
principal  one  is  /3-carotene.  Obviously,  therefore,  the  estimation 
by  chemical  or  physical  means  of  the  vitamin  A  potency  of  a 
product  may  be  complicated  to  a  degree  dependent  on  the  nature 
and  number  of  compounds  present  having  vitamin  A  activity  in 
vivo.  A  further  factor  outside  the  scope  of  nonbiological  meth¬ 
ods  is  the  rate  and  degree  of  absorption  from  the  intestinal  tract 
of  the  various  forms  of  vitamin  A.  This  is  dependent  upon  the 
cellular  structure,  digestibility,  and  fat  and  tocopherol  content  of 
the  food,  and  is  affected  by  the  presence  of  nonabsorbable  oils. 
Thus  the  true  vitamin  A  potency  of  a  food  can  be  measured  only 
biologically,  whereas  chemical  or  physical  methods  yield  an  esti¬ 
mate  of  the  total  content  of  vitamin  A  or  its  precursors. 

The  vitamin  A  potency  of  fish  liver  oils  can  be  readily  deter¬ 
mined  by  spectrophotometric  and  colorimetric  methods  of  assay, 

I  because  in  these  oils  the  vitamin  occurs  almost  exclusively  as  pre¬ 
formed  vitamin  A  and  is  present  in  comparatively  high  concen¬ 
trations. 

Ultraviolet  Absorption  Curve  of  Free  and 
Esterified  Vitamin  A 

The  ultraviolet  absorption  curve  of  pure  vitamin  A  has  ap¬ 
peared  in  several  recent  reports  ( 2 ,  19).  In  Figure  1  are  plotted 
the  critical  parts  of  the  curves  (from  300  to  350  millimicrons)  for 
isopropanol  solutions  of  vitamin  A  acetate  (obtained  from  Dis¬ 
tillation  Products,  Rochester,  N.  Y.)  and  the  alcohol  prepared 
therefrom.  For  reasons  stated  below  it  is  desirable  to  plot  the 
results  in  terms  of  extinction  ratios  ( E  x/328)  rather  than  extinc¬ 
tion  coefficients  328  nm).  Another  pure  vitamin  A 

preparation,  the  distilled  vitamin  A  esters  (from  Distillation 
Products)  in  corn  oil,  has  been  found  to  yield  practically  the 
same  curves  before  and  after  saponification  (li). 

The  Beckman  quartz  spectrophotometer  (manufactured  by 
National  Technical  Laboratories,  South  Pasadena,  Calif.)  cali¬ 
brated  against  the  lines  of  the  mercury  spectrum,  was  used  for  the 
spectrophotometric  measurements.  To  determine  the  reproduci¬ 
bility  of  this  instrument  a  series  of  glass  disks,  optically  ground 
and  having  graded  absorption  properties,  was  prepared  and  dis¬ 


tributed  among  various  laboratories  which  were  requested  to 
measure  their  extinction  coefficients  at  328  millimicrons.  The  re¬ 
sults  of  these  tests  indicated  a  high  degree  of  reproducibility  for 
the  Beckman  instrument,  the  coefficient  of  variation  of  the  aver¬ 
age  deviations  being  of  the  order  of  1  per  cent.  A  recent  study  of 
several  spectrophotometers  used  for  assaying  vitamin  A  oils  {15) 
likewise  showed  excellent  reproducibility  in  the  Beckman  meas¬ 
urements. 

After  saponification  of  the  vitamin  A  ester  a  slight  shift  to¬ 
wards  the  lower  wave  lengths  occurs  in  the  entire  absorption 
curve,  so  that  the  absorption  maximum  for  the  alcohol  is  at  325 
rather  than  327  millimicrons.  This  phenomenon  has  been  ob¬ 
served  not  only  with  the  pure  compound,  but  also  with  naturally 
occurring  fish  liver  oils.  Another  point  of  interest,  illustrated  in 
Table  I,  is  the  higher  extinction  coefficient  at  325,  or  even  328 
millimicrons,  of  an  equivalent  amount  of  the  alcohol  (prepared  by 
saponification  of  the  acetate)  as  compared  with  that  of  the  ace¬ 
tate.  Similar  observations  have  been  reported  in  studies  on  fish 
fiver  oils  when  the  measurements  were  made  in  polar  solvents,  in 
which  the  unsaponifiable  fraction  gave  a  higher  extinction  co¬ 
efficient  than  in  nonpolar  solvents  {1,  8).  This  was  not  so  pro¬ 
nounced  when  the  determinations  were  made  on  the  whole  oils, 
where  the  vitamin  occurs  esterified. 

In  Figure  1,  and  in  all  the  absorption  curves  presented,  empha¬ 
sis  is  placed  on  the  qualitative  nature  or  shape  of  the  absorption 
curve  rather  than  on  the  absorption  intensity  or  position  on  the 
vertical  axis  as  determined  by  the  concentration.  The  ordinate 
represents  the  extinction  ratio — that  is,  the  ratio  of  the  extinction 
coefficient  (or  photometric  density)  at  a  given  wave  length  to  that 
at  328  millimicrons,  the  generally  accepted  absorption  maximum 
for  naturally  occurring  vitamin  A  esters.  In  order  to  demon¬ 
strate  the  advantages  of  this  method  of  plotting  the  absorption 
curve,  the  same  data  for  vitamin  A  acetate  after  oxidation  and 
after  dilution  are  plotted  in  Figure  2  in  terms  of  extinction  co¬ 
efficients  and  extinction  ratios.  When  plotted  in  terms  of  ex¬ 
tinction  coefficients,  simple  dilution  reduces  the  height  of  the 
curve,  as  does  oxidation,  but  no  noticeable  difference  is  seen  in 
the  shape  of  these  curves.  When  the  curves  are  plotted  in  terms 
of  extinction  ratios,  the  influence  of  oxidation,  the  presence  of  ir¬ 
relevant  absorbing  materials,  or  other  factors  influencing  the 
character  of  the  curve  become  apparent.  Ready  comparison 
can  then  be  made  between  the  absorption  curve  of  any  sample, 
regardless  of  vitamin  A  content,  and  that  of  a  sample  of  known 
purity — for  example,  the  crystalline  acetate.  By  supplementing 


Table  I.  Ultraviolet  Light  Absorption  of  Vitamin  A 
Acetate  and  Alcohol0 


Material 

X 

Concentration 
in  Isupropanol 
Solution 

Photometric 

Density** 

rrifi 

% 

Vitamin  A  acetate 
Vitamin  A  alcohol 


328 

328 

325 

328 

325 


1. 000 

1570 

0.872' 

1590 

0.872' 

1620 

1.000 

18254 

1.000 

18604 

o  Same  values  were  obtained  on  two  samples  of  vitamin  A  acetate,  before 
and  after  saponification,  each  assayed  in  duplicate.  Measurements  were 
made  at  1-cin  depth,  after  suitable  dilution  with  isopropanol  to  bring  test 
solution  within  proper  range  (or  spectrophotometric  measurement. 
b  Equals  (2  -  logic  G)  X  factor  for  dilution.  .  ., 

C  vitamin  A  alcohol  obtained  by  saponification  of  1.00  gram  of  vitamin 
A  acetate  (M.  W.  ■=  328).  .  .  , 

d  Expressed  in  terms  of  1.000  gram  of  vitamin  A  alcohol  derived  from 

1.146  grams  of  acetate. 
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Figure  1.  Ultraviolet  Absorption  Curves  Vitamin  A 
Acetate  and  Vitamin  A  Alcohol  in  Isopropanol 


the  curve  with  the  extinction  coefficient  at  328  millimicrons  (the 
E  value),  the  pertinent  data  for  interpreting  the  spectrophoto- 
metric  measurements  are  given. 

Reaction  of  Vitamin  A  in  Fish  Liver  Oils  with 
Antimony  Trichloride 

This  reaction  measures  vitamin  A  both  as  the  ester  and  free  al¬ 
cohol.  When  the  test  is  applied  to  fish  fiver  oils  directly,  espe¬ 
cially  to  low-potency  oils,  inhibitors  of  the  color  development  are 
often  encountered  and  must  be  corrected  for  by  use  of  the  incre¬ 
ment  procedure  {11).  Freshly  opened  samples  of  U.  S.  P.  refer¬ 
ence  cod  fiver  oil  No.  2  appear  to  have  large  amounts  of  inhibi¬ 
tors.  Upon  saponification  the  inhibitors  are  removed  and  the 
vitamin  develops  its  full  color  intensity  with  the  reagent,  as 
shown  by  a  normal  increment  in  photometric  density  for  the  10 
units  of  vitamin  A  added  to  an  aliquot  of  the  final  test  solution. 
In  addition,  nonspecific,  saponifiable  mate¬ 
rials  are  present  in  fish  liver  oils  which  react 
with  antimony  trichloride  to  form  a  blue 
color  absorbing  fight  at  620  millimicrons. 

For  these  reasons  it  is  preferable  to  use  the 
unsaponifiable  fraction  rather  than  whole  oil 
for  test  purposes. 

Changes  in  the  Absorption  Curve 
of  Vitamin  A  on  Oxidation 

Investigations  of  the  oxidative  destruction 
of  vitamin  A  in  fish  fiver  oils,  using  various 
oxidation  procedures  and  assay  methods, 
have  been  reported  {6,  7,  13,  14,  17).  The 
results  of  a  typical  experiment  to  determine 
the  effect  of  oxidation  upon  the  ultraviolet 
absorption  curve  of  crystalline  vitamin  A 
are  presented  in  Figure  3. 

Solutions  of  vitamin  A  acetate  and  vitamin 
A  alcohol  (obtained  by  saponification  of  the 
acetate)  in  ethyl  laurate  were  vigorously 
aerated  in  parallel  at  45°  C.,  in  the  absence  of 
fight,  in  an  all-glass  apparatus.  Samples 
were  removed  at  intervals  and  their  vita¬ 
min  A  content  was  determined  spectrophoto- 
metrically  and  colorimetrically.  In  testing 
such  pure  solutions  the  precision  of  the  two 
assay  procedures  is  good;  the  spectrophoto- 


metric  values  are  reproducible  within  =±=  1  per  cent,  the  colorimet-  . 
ric  within  ±2  per  cent.  The  air  was  passed  through  pure  ethyl 
laurate,  also  at  45°  C.,  before  entering  the  test  solutions,  the  • 
diluent  so  aerated  being  used  as  a  blank  in  the  spectrophotometric 
measurements.  Ethyl  laurate  is  ideally  suited  for  this  type  of 
experiment,  since  it  absorbs  fight  to  a  negligible  extent  in  the 
range  of  295  to  355  millimicrons,  undergoes  no  optical  changes 
upon  aeration,  and  does  not  interfere  with  the  color  reaction 
with  antimony  trichloride,  before  or  after  aeration. 

In  the  cases  of  both  the  alcohol  and  acetate  the  changes  in  the 
curve  were  limited  almost  entirely  to  the  region  below  328  milli¬ 
microns,  the  extinction  ratios  of  the  samples  at  the  lower  wave 
lengths  increasing  progressively  during  the  period  of  oxidation. 
Robinson  {13),  in  tests  conducted  with  a  fish  fiver  concentrate  i 
rather  than  the  pure  vitamin,  obtained  similar  results  in  so  far 
as  the  spectrophotometric  data  are  concerned.  This  is  not 
readily  apparent  in  his  paper,  since  his  curves  were  plotted  in 
terms  of  extinction  coefficients. 

In  these  tests  the  inability  of  the  antimony  trichloride  reagent 
to  differentiate  between  oxidized  and  nonoxidized  vitamin  A  is 
demonstrated.  At  first,  there  is  fairly  good  agreement  between 
the  spectrophotometric  and  colorimetric  estimates,  as  would  be 
expected  when  working  with  pure  solutions  of  vitamin  A.  [For 
comparison  the  colorimetric  values  are  expressed  as  “vitamin  A 
units  per  gram  -5-  2000”,  since  the  spectrophotometric  estimates 
are  derived  from  E  value  X  2000  (the  commercial  standard  con¬ 
version  factor).]  During  the  initial  stages  of  oxidation  there 
is  a  tendency  for  the  colorimetric  values  to  be  somewhat  less 
than  the  E  values.  The  slightly  lower  values  obtained  colori¬ 
metrically  for  the  freshly  prepared  solutions  may  be  due  to  small 
amounts  of  oxidized  vitamin  in  the  crystalline  preparation. 
Large  losses  of  vitamin  A  by  oxidation  must  occur  before  signifi¬ 
cant  distortions  in  the  ultraviolet  absorption  curves  become  ap¬ 
parent.  After  prolonged  aeration  of  the  solutions,  the  values  de¬ 
termined  by  the  antimony  trichloride  reaction  became  equal  to 
and  then  significantly  greater  than  those  obtained  spectrophoto- 
metrically.  Estimates  of  residual  nonoxidized  vitamin  A  based 
on  the  E  values  of  the  aerated  solutions  would,  from  the  very 
nature  of  the  absorption  curves,  be  much  too  high.  Colorimetric 
estimates  approximating  these  values  would  thus  also  be  in  error. 
These  observations  do  not  agree  with  those  of  Robinson  {13), 
who  found  .that  as  the  oxidation  progressed  the  relative  differences 
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Figure  2.  Advantage  of  Plotting  Extinction  Ratios  Rather  than  Ex¬ 
tinction  Coefficients  in  Presenting  Ultraviolet  Absorption  Curves  of 

Vitamin  A  Solutions 

1.  Vitamin  A  acetate  in  ethyl  laurate 

2.  Oxidation  of  (1)  by  air 

3.  Dilution  of  (1)  1  to  5  with  ethyl  laurate 
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Table  II  Ultraviolet  Absorption  Maximum  of  Samples  of  Fish  Liver 

Oils'1 


(Fish  liver  oils  taken  at  random  from  a  series  of  test  samples; 
'  representative  of  each  species.) 


Sample 


Vitamin  A  acetate 

Same,  after  saponification 
Distilled  vitamin  A  esters 

Same,  unsaponifiable  fraction 

Cod  liver  oil  (No.  1) 

Same,  unsaponifiable  fraction 
Cod  liver  oil  (No.  2) 

Cod  liver  oil  (No.  3) 

Same,  unsaponifiable  fraction 

Dogfish  liver  oil 
Shark  liver  oil 
Soupfin  shark  liver  oil 
Black  cod  liver  oil 
Ling  cod  liver  oil 
Halibut  liver  oil 
Tuna  liver  oil 

Concentrates  (prepared  by 
saponification) 


lln.  328 

Maximum 

mu 

1570 

327 

1590 

325 

107.8 

328 

106.3 

325 

0.87 

320 

0.71 

325 

1.58 

328 

1.14 

320 

0.98 

325 

6.04 

328 

8.02 

326 

56.0 

328 

55.2 

328 

94.1 

328 

29.5 

327 

60.1 

327 

56.7 

326 

96.1 

327 

498 

325 

values  are  not  necessarily 
Difference^ 


pi  % 

"1  cm. 

Slln.328m'1- 

e\°^°  Max. 

Max. 

1  cm. 

% 

1570 

0.0 

1620 

-1.9 

107.8 

0.0 

107.0 

-0.7 

0.94 

-7.4 

0.72 

-1.4 

1.58 

0.0 

1.27 

-10.2 

0.99 

-1.0 

6.04 

0.0 

8.11 

-1.1 

56.0 

0.0 

55.2 

0.0 

94.1 

0.0 

30.0 

-1.6 

60.1 

0.0 

56.9 

-0.4 

97.2 

-1.1 

508 

-2.0 

°  In  isopropanol  solution. 

b  Value  for  maximum  is  taken  as  basis  for  comparison. 


several  fish  liver  oils  chosen  at  random  from  a  large 
series  of  samples.  Excluding  atypical  oils  which 
show  absorption  maxima  far  from  that  of  vitamin  A 
(usually  low-potency  oils),  the  samples  are  seen  to 
have  maxima  ranging  from  325  to  328  millimicrons 
in  isopropanol.  The  unsaponifiable  extracts  of  these 
same  samples  invariably  exhibited  maximal  absorp¬ 
tion  at  325  millimicrons.  It  is  apparent  that,  in 
fish  liver  oils  with  absorption  maxima  in  the  region 
of  325  to  328  millimicrons,  the  accuracy  of  a  de¬ 
termination  is  not  seriously'  affected  by  using  the 
extinction  coefficient  at  328  millimicrons  in  prefer¬ 
ence  to  that  at  the  maximum,  or  vice  versa.  The 
difference  is  of  the  order  of  1  to  2  per  cent.  When 
the  absorption  maximum  of  an  oil  departs  signifi¬ 
cantly  from  the  325  to  328  millimicron  range,  the 
presence  of  appreciable  quantities  of  irrelevant  ab¬ 
sorbing  material  is  indicated  and  vitamin  A  esti¬ 
mates  based  upon  such  a  maximum  are  in  error. 

It  is  the  practice  in  these  and  most  other  labora¬ 
tories  to  evaluate  the  vitamin  A  content  of  fish  liver 
oils  on  the  basis  of  E  values — i.  e.,  the  extinction 
coefficient  at  328  millimicrons.  It  has  been  rea¬ 
sonably  suggested  that,  in  the  case  of  unsaponifiable 
concentrates  of  fish  liver  oils,  the  extinction  coef¬ 
ficient  at  325  millimicrons  be  used.  However,  many 
such  concentrates  are  frequently  diluted  with  whole 


between  the  spectrophotometric  and  colorimetric  values  increased, 
the  colorimetric  values  always  being  lower. 

As  the  oxidation  proceeded  the  color  reaction, 


fish  liver  oils,  a  practice  which  introduces  complications  in  assay¬ 
ing  such  materials.  In  any  case,  the  use  of  the  328-millimicron 


with  antimony  trichloride  became  increasingly 
atypical.  The  rate  of  color  development  decreased ; 
fully  30  seconds  were  required  to  reach  maximal 
color  intensity  in  the  sample  aerated  for  140  hours, 
as  compared  with  4  seconds  in  the  case  of  the  non- 
oxidized  solution.  In  measuring  the  color  de¬ 
veloped,  the  4-second  galvanometer  reading  was 
used  rather  than  that  corresponding  to  maximal 
color  development.  When  the  latter  was  used  low 
values  were  obtained  for  added  increments  of 
vitamin  A,  resulting  in  extremely  high  vitamin  A 
estimates  for  samples  containing  oxidized  vitamin  A. 

The  above  colorimetric  and  spectrophotometric 
tests  suggest  that  there  may  be  more  than  one 
form  of  oxidized  vitamin  A,  those  first  produced 
reacting  to  a  lesser  extent  than  vitamin  A  with 
the  antimony  trichloride  reagent,  while  other  com¬ 
pounds  formed  in  the  later  stages  of  oxidation 
react  to  an  even  greater  extent  than  vitamin  A, 
based  upon  comparable  E  values  at  328  millimicrons. 
Obviously  the  reaction  of  the  latter  forms  of  oxi¬ 
dized  vitamin  A  with  the  antimony  trichloride 
reagent  is  much  less  than  that  observed  for  an 
equivalent  amount  of  the  vitamin. 

Reliability  of  Spectrophotometric 
Method  Based  upon  a  Single 
Reading  at  328  Millimicrons 

In  determining  the  vitamin  A  potency  of  fish  liver 
oils,  there  is,  as  yet,  no  complete  agreement  as  to 
the  wave  length  at  which  the  extinction  coefficient 
of  the  oil  should  be  measured.  The  absorption 
maximum  of  vitamin  A  alcohol  in  polar  solvents 
(such  as  isopropanol)  is  now  known  to  be  closer  to 
325  than  to  328  millimicrons.  However,  fish  liver 
oils  may  exhibit  other  absorption  maxima  in  the 
critical  region  of  the  spectrum. 

In  Table  II  are  presented  extinction  coefficients 
at  both  the  maximum  and  328  millimicrons  of 


Figure  3.  Changes  in  Absorption  Curves  of  Vitamin  A  Acetate  and 

Alcohol  on  Oxidation 


Aerated  at  45°  C.  A,  0  hour;  B,  24  hours;  C,  48  hours;  D,  90  hours;  E,  140  hours 
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Step 

Saponification 


Extraction 


Washing 


Evaporation 


Table  III.  Extraction  of  Unsaponifiable  Fraction  of  Fish  Liver  Oils 

(Step-by-step  comparison  of  three  methods) 


United  States  Pharmacopoeia  XII  (IS) 

Reflux  5  grams  of  oil  in  40  ml.  of  1.1  N 
alcoholic  (95%)  KOH  for  120  minutes 

Evaporate  the  alcohol 

Take  up  the  residue  in  50  ml.  of  water 

Extract  twice  with  50  ml.  of  ether 


Once  with  20  ml.  of  0.1  jV  NaOH 
Once  with  20  ml.  of  0.2  N  NaOH 
Then  with  20-ml.  portions  of  water  until  the 
last  washing  gives  no  color  with  phenol- 
phthalein 

To  dryness  on  a  steam  bath 


Kerr-Sorber  (Modified,  5) 

Reflux  5  grams  of  oil  in  35  ml.  of  1.8  A' 
alcoholic  (86%)  KOH  for  20  minutes 

Cool  to  30°  C. 

Extract  once  with  150  ml.  of  ether 

3  times  with  100  ml.  of  0.2  N  KOH 

Then  with  30-ml.  portions  of  water  until 
last  washing  gives  no  color  with  phenol- 
phthalein 

To  dryness  on  a  steam  bath 


British  Pharmacopoeia  (Modified,  S) 

Reflux  0.2  to  1  gram  of  oil  in  15  ml.  of 
0.5  N  alcoholic  (95%)  KOH  for  15  minutes 

Add  30  ml.  of  water 

Extract  4  to  5  times  with  30  ml.  of  ether 
(Test  last  extract  with  SbCli) 

Once  with  30  ml.  of  water 

Once  with  15  ml.  of  0.5  N  KOH 

Then  with  30-ml.  portions  of  water  until 
last  washing  gives  no  color  with  phenol- 
phtbalein 

To  ca.  20  ml.  on  a  steam  bath 

Remove  from  steam  bath,  and  blow  off  the 
remainder  of  the  solvent  (do  not  bring  to 
complete  dryness)  with  a  stream  of 
nitrogen 


Table  IV.  Reliability  of  Procedure  for  Preparation  of  Unsaponi- 
fiable  Extract  of  Fish  Liver  Oils 


. — Vitamin  A  Content,  U.  S.  P.  Units  per  Gram - - 


Sample 

Procedure  for  Estimating 

Whole 

sample, 

Unsaponifiable 

fraction, 

Resaponification 

6  4-  cotton- 

No." 

Vitamin  A 

a 

b 

b  alone 

■eed  oil 

16 

Spectrophotometric  & 

32,400 

30,400 

31,500 

32,760 

SbCh  reaction' 

32,300 

29,600 

32,200 

30,500 

18 

Spectrophotometric 

49,400 

44,800 

44,100 

44,300 

SbCli  reaction 

50,800 

39,100 

39,300 

39,900 

19 

Spectrophotometric 

52,000 

50,000 

49,600 

49,600 

SbClj  reaction 

52,900 

42,800 

43,100 

47,200 

22 

Spectrophotometric 

117,000 

113,600 

112,400 

112,400 

SbClj  reaction 

119,000 

110,000 

108,000 

105,000 

23 

Spectrophotometric 

120,800 

111,400 

114,500 

114,500 

SbCls  reaction 

122,000 

117,000 

117,000 

114,000 

°  Numbers  correspond  to  those  in  Table  V. 

t  Commercial  standard  conversion  factor  of  2000  was  used  for  estimating  vitamin  A 
content  from  328  mg. 

c  Standard  was  a  sample  of  distilled  vitamin  A  esters;  £ 328  mg  (in  isopropanol)  = 
108.5. 


maximum  yields  values  for  most  oils  which  are  not  significantly 
different  from  those  calculated  from  their  actual  maxima. 


If  loss  of  vitamin  A  had  occurred  due  to  incom¬ 
plete  extraction  or  to  oxidation,  the  vitamin  A  con¬ 
tent  of  the  second  unsaponifiable  fraction  would  be 
expected  to  be  lower  than  that  of  the  original  un¬ 
saponifiable  fraction.  That  such  was  not  the  case, 
however,  may  be  seen  in  the  good  agreement  for 
each  sample  among  all  three  spectrophotometric 
estimates  based  on  the  unsaponifiable  fractions. 
Similarly  close  agreement  may  also  be  observed 
where  the  vitamin  content  was  determined  by  the 
antimony  trichloride  method.  (Both  the  spectro¬ 
photometric  and  colorimetric  tests  were  performed 
using  aliquots  of  the  same  final  ether  extract.)  A 
comparison  of  the  ultraviolet  absorption  curves  of 
the  unsaponifiable  fractions  within  a  set  showed 
no  differences,  a  further  indication  that  no  substan¬ 
tial  oxidative  changes  had  occurred. 


Saponification  Procedure 

Because  natural  oils  often  contain  materials  which  absorb  non- 
specifically  in  the  ultraviolet  region  where  vitamin  A  measure¬ 
ments  are  made,  it  is  often  necessary  to  separate  the  vitamin  A  by 
taking  advantage  of  its  nonsaponifiability,  since  the  substances 
responsible  for  irrelevant  absorption  are  mainly  in  the  saponifi¬ 
able  fraction.  The  procedure  for  the  extraction  of  the  unsaponi¬ 
fiable  fraction  of  fish  liver  oils  as  a  step  preliminary  to  the  estima¬ 
tion  of  vitamin  A  content  varies  in  different  laboratories  ( 8 ,  9, 
16).  In  Table  III  is  presented  a  comparison  of  the  more  common 
analytical  procedures  used  for  the  determination  of  the  unsaponi¬ 
fiable  matter  in  oils. 

The  authors  have  employed  a  modification  of  the  method  de¬ 
scribed  in  the  British  Pharmacopoeia  (3),  using  a  sufficient  num¬ 
ber  of  extractions  to  ensure  the  complete  extraction  of  all  vitamin 
A,  as  indicated  by  a  spot-plate  test  of  the  last  extract  with  anti¬ 
mony  trichloride.  To  prevent  oxidation  of  the  vitamin  during 
the  evaporation  of  the  last  few  milliliters  of  ether,  the  beaker  is 
removed  from  the  steam  bath  and  the  last  traces  of  solvent  are 
removed  by  a  stream  of  nitrogen.  All  operations  are  performed 
in  amber-colored  glassware  (4). 

A  series  of  tests  was  conducted  to  find  out  whether  any  vitamin 
A  is  lost,  either  mechanically  or  through  oxidation,  in  the  course 
of  the  preparation  of  the  unsaponifiable  fraction.  The  results  are 
shown  in  Table  IV.  Five  samples  of  fish  liver  oil  were  saponified 
and  their  unsaponifiable  fractions  extracted  as  above.  Three 
aliquots  of  each  of  the  final  ether  extracts  were  evaporated  down, 
with  the  precautions  stated  above.  One  of  the  residues  was  di¬ 
luted  in  cottonseed  oil  to  a  concentration  approximating  that  of 
the  original  whole  oil,  and  was  then  treated  as  a  fresh  sample. 
Another  was  submitted  to  a  repetition  of  the  saponification  and 
extraction  procedures  without  the  addition  of  cottonseed  oil. 
The  third  residue  was  taken  up  in  isopropanol  directly  and  its  ex¬ 
tinction  coefficient  at  328  millimicrons  measured. 


USP  REE  COD  LIVER  OIL  VIT.  A  ACETATE  SOLUTION 


A(nyi)  A  (in a) 


Figure  4.  Influence  of  Impurities  in  Ether  Used  in 
Preparation  of  Unsaponifiable  Extracts  on  Ultra¬ 
violet  Absorption  Curves  and  Extinction  Coefficients 
of  Vitamin  A  Alcohol  Solutions 

A.  Preparation  of  unsaponifiable  extract  with  U.  S.  P.  ether 

B.  Preparation  of  unsaponifiable  extract  with  redistilled  U.  S.  P.  ether 
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Figure  5.  Removal  of  Irrelevant  Light-Absorbing 
Materials  in  a  Cod  Liver  Oil  by  Saponification 

Increasing  speoificity  of  spectrophotometrio  method  for  determina¬ 
tion  of  vitamin  A 


The  necessity  for  the  use  of  specially  prepared  alcohol  for  the 
saponification  procedure  and  specially  prepared  ether  for  the  sub¬ 
sequent  extraction  was  investigated.  The  general  practice  has 
been  to  use  aldehyde-free  alcohol  and  peroxide-free  ether.  When 
alcohol  (S.  D.  No.  30)  and  ether  (U.  S.  P.  XII)  were  used  directly 
from  their  commercial  containers  in  the  preparation  of  the  unsa- 
ponifiable  extracts  of  low  potency  oils,  erroneously  high  extinc¬ 
tion  coefficients  at  328  (or  325)  millimicrons  were  obtained. 
Furthermore,  the  ultraviolet  absorption  curves  were  atypical  of 
vitamin  A  alcohol. 

A  series  of  assays  was  conducted  on  the  U.  S.  P.  reference  cod 
liver  oil  No.  2  on  pure  vitamin  A  acetate  in  95  per  cent  ethyl  al¬ 
cohol  (aldehyde-free),  and  on  a  sample  of  distilled  vitamin  A 
esters.  A  suitable  sized  sample  of  each  was  saponified  using  (a) 
redistilled  alcohol  (over  aluminum  and  potassium  hydroxide)  and 
nonredistilled  ether,  ( b)  redistilled  alcohol  and  redistilled  ether, 
(c)  nonredistilled  alcohol  and  nonredistilled  ether,  and  ( d )  nonre¬ 
distilled  alcohol  and  redistilled  ether.  The  ether  was  redistilled 
without  the  addition  of  any  reagents,  discarding  the  first  and 
last  10  per  cent  of  the  distillate. 

The  completeness  of  the  removal  of  the  aldehydes  from  the  al- 
cohol  was  verified  bv  the  absence  of  any  color  development  on  the 
addition  of  fuchsin-sulfite  reagent  (18)  which  produced  an  intense 
red  color  with  the  untreated  solvent. 

The  use  of  nonredistilled  alcohol  affected  neither  the  extinction 
coefficient  nor  the  shape  of  the  absorption  curve.  On  the  other 
hand,  the  use  of  nonredistilled  ether  resulted  in  both  a  distorted 
curve  and  a  high  extinction  coefficient  at  328  millimicrons.  In 
Figure  4  (upper  two  sets  of  curves)  are  presented  the  absorption 
curves  of  the  unsaponifiable  fractions  of  the  U.  S.  P.  reference 
cod  liver  oil  and  that  prepared  from  an  ethanol  solution  of  vita¬ 
min  A  acetate.  The  effect  of  using  nonredistilled  ether  is  appar¬ 
ent. 

To  correct  for  the  ether  effect,  the  same  volume  of  ether  used 
in  the  above  tests  was  evaporated  under  the  same  conditions,  and 
the  residue  was  dissolved  in  the  same  volume  of  isopropanol.  The 
absorption  curve  was  then  obtained.  A  similar  correction  was 
made  for  the  redistilled  ether,  but  this  was  extremely  small.  On 
applying  these  corrections  the  lower  set  of  curves  in  Figure  4  was 
obtained.  In  the  case  of  the  vitamin  A  acetate  both  curves  be¬ 
came  superposable,  indicating  that  the  vitamin  A  itself  was  not 


affected  by  the  impurities  in  the  ether,  which  are  carried  through 
the  saponification  procedure  to  the  final  solution.  In  the  case 
of  the  U.  S.  P.  oil,  only  partial  improvement  was  noted.  Appar¬ 
ently,  substances  in  this  oil  other  than  vitamin  A  had  been  af¬ 
fected. 

The  ultraviolet  absorption  curves  (and  likewise  the  extinction 
coefficients  at  328  millimicrons)  of  the  unsaponifiable  extracts  of 
the  distilled  vitamin  A  esters  were  the  same  regardless  of  which  set 
of  solvents  was  used.  This  is  undoubtedly  due  to  simple  dilution 
of  the  nonspecific  absorbing  substances  in  the  ether  when  ad¬ 
justing  the  vitamin  A  concentration  of  the  test  solution  to  the 
proper  range  for  the  photometric  measurements.  In  this  case  also 
the  vitamin  A  was  not  affected. 

Necessity  for  Determining  the  Vitamin  A  Content 
in  the  Unsaponifiable  Fraction 

Large  errors  may  be  made  in  the  determination  of  the  vitamin 
A  content  of  fish  liver  oils  when  the  estimates  are  based  on  a  whole 
oil  rather  than  on  its  unsaponifiable  fraction.  It  is  generally 
agreed  that  in  the  low-potency  ranges  these  differences  are  signifi¬ 
cant.  In  Figure  5  is  illustrated  the  change  in  the  ultraviolet 
absorption  curve  in  isopropanol  of  a  sample  of  cod  liver  oil  after 
saponification.  The  whole  oil  has  two  maxima,  neither  of  which 
is  characteristic  of  vitamin  A.  Furthermore,  the  extinction  co¬ 
efficient  at  328  millimicrons  is  16  per  cent  higher  for  the  whole  oil 
than  for  its  unsaponifiable  fraction. 

On  the  other  hand,  it  is  not  so  commonly  recognized  that  dif¬ 
ferences  of  equally  important  magnitude  may  be  observed  even 
in  high-potency  oils.  Morton  (10)  states,  “In  the  case  of  oils  con¬ 
taining  more  than  10,000 1.  U.  per  gram  it  is  rarely  necessary  to  re¬ 
sort  to  extraction  of  the  nonsaponifiable  fraction,  because  at  325 
millimicrons,  irrelevant  absorption  is  a  negligible  fraction  of  the 


Table  V. 


Sample 

No. 


Comparison  of  E\°^m  328  m/x  of  Whole  Oils  and 
Their  Unsaponifiable  Fractions 

(In  oils  widely  varying  in  vitamin  A  potency) 


328  m" 


Whole  oil 


Unsaponifiable 

fraction 


1 

0.23 

0. 

2 

0.87 

0. 

3 

0.91 

0. 

4 

0.93 

0. 

5 

1.12 

1. 

6 

1.14 

0. 

7 

1.49 

0. 

8 

1.51 

1. 

9 

1.60 

1. 

10 

1.65 

1. 

11 

1.75 

1. 

12 

4.89 

4. 

13 

5.73 

5 . 

14 

8.25 

8. 

15 

9.44 

9. 

16 

16.2 

15. 

17 

23.9 

21. 

18 

24.7 

22. 

19 

26.0 

25. 

20 

32.5 

32. 

21 

41.9 

39. 

22 

58.5 

56. 

23 

60.4 

55. 

24 

61.7 

60 

25 

64.3 

59, 

26 

27 

72.8 

96.6 

69 

92 

28 

99.8 

99 

296 

108.5 

107 

30 

179 

171 

31 

198 

187 

32 

606 

580 

33 

658 

617 

Difference® 

% 

-68.2 
-39.8 
-37.9 
-2.2 
-6.5 
-14.0 
-41.6 
-20.8 
+  2.0 
-7.6 
-18.6 
-4.9 
-2.4 
+  0.1 
+  1.0 
-6.2 
-10.1 
-9.3 
-3.8 
+  0.3 
-6.3 
-2.9 
-7.8 
-1.7 
-6.8 
-3.9 
-4.  1 
-0.8 
-1.4 
-4.5 
-5.5 
-4.3 
-6.2 


®  Values  obtained  for  whole  oils  are  used  as  basis  for  comparison 
commercial  conversion  factor  (2000)  was  used  for  estimating 

content  from  328  mm 

b  Distilled  vitamin  A  esters. 


Difference 
Expressed  as 
Vitamin  A 
U  nitage 

U.  S.  P ■  units  per 
gram 

-320 
-680 
-680 
-40 
-140 
-320 
-1.240 
-620 
+  60 
-260 
-640 
-480 
-280 
+  20 
+  180 
-2,000 
-4,800 
-4,600 
-2,000 
+  200 
-5,200 
-3,400 
-9,400 
-2,000 
-8,800 
-5,800 
-8,000 
-1,600 
-3,000 
- 16,000 
-22,000 
-52,000 
-82,000 


.  Standard 
vitamin  A 
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observed  value.  If,  however,  the  color  test  appears  anoma¬ 
lous,  or  does  not  agree  with  the  ultraviolet  assay,  it  is  always 
safer  to  work  on  the  nonsaponifiable  fraction.”  However, 
even  when  good  agreement  by  both  methods  is  obtained, 
vitamin  A  estimates  of  high-potency  oils  may  be  appreciably 
less  when  the  determination  is  conducted  on  the  unsaponifia- 
ble  fraction.  In  Table  V  are  shown  the  differences  in 
spectrophotometric  estimates  of  vitamin  A  content  between 
the  whole  and  unsaponifiable  fractions  of  a  series  of  oils 
ranging  from  low  to  high  potencies.  A  similar  tabulation, 
using  the  antimony  trichloride  procedure  (11),  is  shown  in 
Table  VI. 

In  addition  to  greater  accuracy,  an  increase  in  precision 
is  gained  by  conducting  the  antimony  trichloride  test  ac¬ 
cording  to  the  method  described  (11).  The  average  devia¬ 
tion  in  the  assay  of  fish  liver  oils  (unsaponifiable  fractions)  is 
ordinarily  of  the  order  of  ±2  per  cent,  which  compares 
favorably  with  that  of  the  spectrophotometric  method. 

This  may  be  illustrated  by  the  data  in  Table  IV  where,  even 
if  the  more  involved  redeterminations  of  the  unsaponifiable 
fractions  be  regarded  as  triplicate  tests,  the  average  devia¬ 
tion  by  the  spectrophotometric  method  is  found  to  be  ±1.04 
per  cent,  and  by  the  colorimetric  method  it  is  ±2.19  per 
cent.  When  duplicate  determinations  differ  by  more  than  ±2 
per  cent  of  their  mean,  a  redetermination  is  indicated. 

It  has  already  been  shown  that  the  lower  values  are  not  due  to 
mechanical  or  oxidative  losses  in  the  preparation  of  the  unsaponi¬ 
fiable  extracts.  The  possibility  exists,  however,  that  vitamin  A 
degradation  products,  which  absorb  light  at  328  millimicrons,  are 
partially  or  completely  removed  by  virtue  of  an  appreciable  solu¬ 
bility  in  the  aqueous  solutions  used  in  the  preparation  of  the  un¬ 
saponifiable  extract.  Accordingly,  an  investigation  along  these 
lines  was  carried  out. 

An  ethyl  laurate  solution  of  vitamin  A  acetate  was  aerated 
according  to  the  procedure  previously  described.  Samples  were 
removed  at  intervals  and  spectrophotometric  and  colorimetric 
assays  were  performed  on  the  whole  sample  and  on  the  unsaponi¬ 
fiable  fraction  derived  therefrom.  The  results  of  this  experiment 
are  presented  in  Figure  6.  The  rate  of  oxidative  destruction  of 
vitamin  A  in  this  experiment  was  more  rapid  than  that  in  the 
previous  aeration  experiment,  doubtless  because  of  the  more  rapid 


Table  VI.  Comparison  of  Vitamin  A  Values  for  Whole 
Oils  and  Their  Unsaponifiable  Fractions 


(By  the  antimony  trichloride  reaction) 


SbClj  Value  4-  2000  6 

Difference  in 

ample 

Unsaponifiable 

Vitamin  A 

No.° 

Whole  oil 

fraction 

Difference' 

Content' 

<• - Per  gram - — n 

% 

U.  S.  P.  units  per 

gram 

5 

0.91 

0.88 

-3.3 

-60 

7 

1.11 

0.57 

-48.6 

-1,080 

11 

1.14 

1.07 

-6. 1 

-140 

16 

16.2 

14.8 

-8.6 

-2,800 

17 

24.4 

19.6 

-19.6 

-9,600 

18 

25.4 

19.6 

-22.8 

-11,600 

19 

26.5 

21.4 

-19.2 

-10,200 

20 

33.9 

29.8 

-12.1 

-8,200 

22 

59.5 

55.0 

-7.6 

-9,000 

23 

61.0 

58.5 

-4. 1 

-5,000 

25 

63.0 

60.0 

-4.8 

-6,000 

26 

68.5 

60.5 

-11.7 

-16,000 

27 

91.5 

85.0 

-7.1 

-13,000 

29  d 

108.5 

107 

-1.4 

-3,000 

30 

179 

154 

-14.0 

-50,000 

31 

193 

178 

-7.8 

-30,000 

32 

605 

490 

-19.0 

-230,000 

33 

660 

580 

-12.1 

-160,000 

a  Numbers  correspond  to  those  in  Table  V. 

b  Standard  used  in  these  tests  was  a  sample  of  distilled  vitamin  A  esters; 
mn  328  mj*  bn  isopropanol)  =  108.5.  To  facilitate  comparisons  with 

data  presented  in  Table  V,  vitamin  A  values  obtained  colorimetrically  are 
divided  by  standard  conversion  factor,  2000. 

'  Values  obtained  for  whole  oil  are  taken  as  basis  for  comparison. 

&  Distilled  vitamin  A  esters. 


Time  of  aeration. 


Figure  6.  Improvement  in  Ultraviolet  Absorption  Curve  on 
Saponification  (Broken  Line)  of  an  Ethyl  Laurate  Solution 
of  Crystalline  Vitamin  A  Acetate  (Solid  Line)  Subjected  to 
Progressive  Oxidation 


Period  of  aeration,  hours 

0 

12 

24 

Blln.328 

Whole  sample 

2.40 

1.28 

0.72 

Unsaponifiable  extract 

2.39 

1.26 

0.68 

SbCli  Value  4-  2000 

Whole  sample 

2.21 

1.17 

0.63 

Unsaponifiable  extract 

2.26 

1.20 

0.64 

rate  of  aeration  of  the  present  solution  of  the  vitamin  A  acetate. 
This,  however,  does  not  introduce  a  variable  into  the  study,  since 
the  aeration  rates  were  maintained  constant  within  each  experi¬ 
ment,  and  all  comparisons  were  made  relative  to  the  freshly  pre¬ 
pared  solutions.  In  each  case,  the  rate  of  aeration  during  the 
progressive  stages  of  oxidation  of  any  particular  set  or  sets  within 
a  single  experiment  was  maintained  constant. 

The  data  presented  in  Figure  6  show  that  the  E  value  of  the  un¬ 
saponifiable  fraction  was  significantly  less  than  that  of  the  whole 
sample  when  the  latter  was  subjected  to  prolonged  aeration.  The 
initial  test  solution  contained  no  appreciable  amounts  of  irrele¬ 
vant  absorbing  material,  since  it  was  a  pure  ethyl  laurate  solution 
of  crystalline  vitamin  A  acetate.  Hence  it  appears  that  the  oxi¬ 
dation  products  of  vitamin  A  are  partially  removed  in  the  prepara¬ 
tion  of  the  unsaponifiable  fraction. 

This  is  further  supported  by  the  character  of  the  ultraviolet 
absorption  curves  obtained  for  the  sample  during  progressive  oxi¬ 
dation.  Initially  the  curves  for  both  the  whole  sample  and  un¬ 
saponifiable  fraction  corresponded  with  those  for  vitamin  A 
acetate  and  vitamin  A  alcohol.  During  oxidation  of  the  vitamin 
A  ester  the  curve  became  progressively  distorted  owing  to  the 
presence  of  increasing  amounts  of  vitamin  A  oxidation  products. 
On  the  other  hand,  the  absorption  curves  of  the  unsaponifiable 
fractions  of  the  oxidized  samples  approached  more  closely  that  of 
the  pure  vitamin  A  alcohol.  Obviously  some  oxidation  products 
were  removed  in  preparing  the  unsaponifiable  extract.  Since  an 
atypical  curve  was  still  obtained  with  the  unsaponifiable  fraction 
it  is  concluded  that  not  all  of  the  oxidation  products  are  removed 
by  this  procedure.  Thus,  estimates  of  the  vitamin  A  potency  of 
an  oxidized  oil  (high-  or  low-potency)  when  based  upon  the  whole 
sample  may  be  erroneously  high.  The  unsaponifiable  fraction 
should  be  used  for  the  test  whenever  possible. 

The  excellent  agreement  between  the  whole  and  unsaponifiable 
fractions  of  the  freshly  prepared  vitamin  A  acetate  solution  with 
respect  to  both  E  values  and  colorimetric  values  (see  legend  to 
Figure  6)  is  further  evidence  of  the  reliability  of  the  procedure 
used  in  the  present  study  for  the  preparation  of  the  unsaponifiable 
extract. 

The  excellent  agreement  between  the  colorimetric  tests  on  the 
whole  sample  and  on  the  unsaponifiable  fraction  appears  at  first 
to  be  somewhat  at  variance  with  the  results  obtained  in  the  assay 
of  fish  liver  oils  (see  Table  VI).  Apparently,  the  substances 
present  in  fish  liver  oils  which  react  with  the  antimony  trichloride 
reagent  and  are  removed  in  the  preparation  of  the  unsaponifiable 
extracts,  are  not  simply  oxidized  vitamin. 
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U.  S.  P.  Reference  Cod  Liver  Oil  No.  2 

The  U.  S.  P.  reference  cod  liver  oil  has  many  disadvantages  as  a 
reference  standard  in  spectrophotometric  and  colorimetric  work, 
some  of  which  have  been  pointed  out  (8).  One  of  the  most  im¬ 
portant  is  the  large  difference  in  extinction  coefficient  at  328 
millimicrons  between  the  whole  oil  and  its  unsaponifiable  frac¬ 
tion.  Another  is  the  lack  of  agreement  between  the  spectro¬ 
photometric  and  colorimetric  vitamin  A  values. 

A  series  of  five  U.  S.  P.  reference  oils,  obtained  during  the  period 
from  January  to  April,  1943,  was  found  to  have  E  values  ranging 
from  0.88  to  0.92  (average  =  0.90)  for  the  whole  oil  and  from  0.77 
to  0.82  (average  =  0.79)  for  the  unsaponifiable  fraction.  (These 
tests  were  conducted  on  samples  taken  only  from  freshly  opened 
bottles.)  These  differences  were  of  the  order  of  12  to  14  per  cent. 
According  to  the  colorimetric  method  (11)  the  potency  of  the 
reference  oils  varied  from  1400  to  1480  U.  S.  P.  units  per  gram 
(average  =  1450)  for  the  whole  oil  and  from  1310  to  1410  units  per 
gram  (average  =  1360)  for  the  unsaponifiable  fraction,  a  differ¬ 
ence  of  7  per  cent.  These  differences  between  the  values  for  the 
whole  oil  and  the  unsaponifiable  fraction  assume  added  signifi¬ 
cance  when  it  is  considered  that  the  method  described  in  the  U.  S. 
Pharmacopoeia  XII  (12,  pp.  329-30)  for  determining  the  spectro¬ 
photometric  absorption  value  for  cod  liver  oil  does  not  specify 
which  should  be  taken  for  test  purposes.  Failure  to  include 
such  a  specification  is  tantamount  to  assuming  that  this  relation 
between  the  absorption  values  for  whole  oil  and  unsaponifiable 
fraction  is  uniform  for  all  oils,  which  of  course  is  not  supported 
by  the  facts. 

When  parallel  tests  on  the  reference  oil  are  used  as  the  basis  for 
arriving  at  factors  for  converting  E  values  to  biological  unitage 
in  unknown  oils,  serious  complications  result.  Errors  in  esti¬ 
mating  potency  in  relation  to  the  U.  S.  P.  reference  oil  may  fall 
within  the  limits  of  error  of  the  bioassay  and  are  difficult  to  prove. 

Another  disadvantage  in  the  use  of  the  U.  S.  P.  reference  oil  is 
its  chemical  instability.  Bottles  of  the  oil  were  obtained  directly 
from  the  U.  S.  Pharmacopoeial  Convention,  Philadelphia, 
Penna.,  and  the  spectrophotometric  absorption  curves  of  the 
whole  oil  and  unsaponifiable  fraction  were  determined  before  and 
after  storage  for  one  month  at  5°  C.  under  air  or  nitrogen.  A 
typical  set  of  curves  is  shown  in  Figure  7. 

Changes  not  only  in  the  extinction  coefficient  at  328  millimi¬ 
crons  but  also  in  the  actual  shape  of  the  absorption  curves  are 
ii  noted.  The  distortion 
of  the  curve  of  the 
stored  sample  is  more 
striking  in  the  case  of  the 
whole  oil.  The  upward 
shift  of  the  left  leg  of  the 
vitamin  A  curve  and  the 
decrease  in  extinction 
coefficient  at  the  ab¬ 
sorption  maximum  is 
typical  of  an  oxidative 
change.  In  the  test  con¬ 
ducted  on  the  un¬ 
saponifiable  fraction  it 
is  of  interest  to  note  the 
slight  rise  in  E  value  of 
the  sample  stored  under 
air.  This  is  accompa¬ 
nied  by  an  upward  shift 
I  of  the  left  leg  of  the 
curve.  Such  a  shift  in 
the  maximum  and  the 
rise  in  E  value  is  not  in- 
i  frequently  observed  in 
the  incipient  stages  of 
oxidation  of  an  oil. 

Comparison  of  the  ab¬ 


sorption  curve  of  the  unsaponifiable  fraction  of  the  fresh  sample 
with  that  of  pure  vitamin  A  indicates  that  even  this  fraction 
contains  irrelevant  absorbing  material.  In  each  series  that 
portion  of  the  ultraviolet  absorption  curves  above  330  milli¬ 
microns  is  superposable. 

Summary 

The  spectrophotometric  and  colorimetric  (antimony  trichlo¬ 
ride)  methods  for  the  determination  of  vitamin  A  in  fish  liver  oils 
have  been  critically  studied. 

The  ultraviolet  absorption  curves  for  crystalline  vitamin  A  ace¬ 
tate  and  the  alcohol,  derived  therefrom,  are  presented.  By 
plotting  extinction  ratios  rather  than  extinction  coefficients  it  is 
possible  to  obtain  curves  for  oils,  regardless  of  vitamin  A  content, 
which  lend  themselves  to  direct  comparison  with  that  of  a  pure 
vitamin  A  preparation.  During  oxidation  of  vitamin  A,  either 
as  the  free  alcohol  or  as  the  acetate,  the  distortion  in  the  ultra¬ 
violet  absorption  curve  is  almost  entirely  in  the  region  below  the 
respective  absorption  maxima.  This  distortion  accompanies  the 
progressive  decrease  in  the  extinction  coefficient  at  328  millimi¬ 
crons,  though  the  rate  of  change  is  not  parallel.  During  the  ini¬ 
tial  stages  of  oxidation  there  is  a  tendency  for  the  colorimetric 
values  to  be  somewhat  less  than  those  based  upon  the  extinction 
coefficients  at  328  millimicrons,  and  a  reversal  of  this  relationship 
is  observed  after  prolonged  oxidation  of  the  vitamin  A.  Although 
the  absorption  maximum  for  vitamin  A  alcohol  in  isopropanol  is 
closer  to  325  than  to  328  millimicrons,  the  difference  in  extinction 
coefficient  between  these  two  wave  lengths  is  small  in  the  case  of 
most  fish  liver  oils. 

The  importance  of  conducting  the  vitamin  A  determination  on 
the  unsaponifiable  fraction  has  been  emphasized.  It  is  possible 
to  prepare  unsaponifiable  extracts  without  either  mechanical  or 
oxidative  loss  of  vitamin  A.  The  ether  used  for  extracting  the 
saponified  oil  should  be  redistilled,  since  ether,  even  of  XJ.  S.  P. 
quality,  contains  extraneous  light-absorbing  substances.  Experi¬ 
mental  data  show  that  the  lower  vitamin  A  values  obtained  when 
tests  are  conducted  on  the  unsaponifiable  fractions  of  even  high- 
potency  oils  are  due  not  only  to  the  removal  of  irrelevant  absorb¬ 
ing  substances  but  in  part  to  the  removal  of  vitamin  A  oxidation 
products  in  the  preparation  of  the  unsaponifiable  fractions. 

The  U.  S.  P.  reference  cod  liver  oil  No.  2  is  shown  to  be  un¬ 
suited  as  a  standard  for  the  spectrophotometric  and  colorimetric 


Figure  7.  Ultraviolet  Absorption  Curves  of  U.  S.  P.  Reference  Cod  Liver  Oil  No.  2 

Before  (curve  1)  and  after  storage  at  5°  C.  under  nitrogen  curve  2)  and  air  (curve  3) 
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determination  of  vitamin  A.  The  ultraviolet  absorption  curve 
of  this  oil  does  not  have  the  shape  characteristic  of  vitamin  A;  it 
contains  appreciable  quantities  of  irrelevant  light-absorbing 
material  not  entirely  removed  by  saponification;  it  is  unstable 
even  when  stored  under  nitrogen  in  the  refrigerator  for  a  period 
of  only  one  month;  and  there  is  a  marked  discrepancy  in  its  vita¬ 
min  A  content  estimated  by  the  spectrophotometric  and  colori¬ 
metric  methods  on  either  the  whole  sample  or  the  unsaponifiable 
fraction. 
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Estimation  of  Vitamin  A  in  Food  Products 

BERNARD  L.  OSER,  DANIEL  MELNICK,  AND  MORTON  PADER 
Food  Research  Laboratories,  Inc.,  Long  Island  City,  N.  Y. 


The  antimony  trichloride  method  for  determining 
vitamin  A  in  food  products  has  been  modified  to 
allow  corrections  for  the  presence  of  inhibitors 
of  the  color  development,  for  temperature  effects, 
for  variations  in  the  reagent,  for  turbidities  pro¬ 
duced  in  the  course  of  the  color  development,  and 
for  extraneous  color  present  in  the  final  test  solu¬ 
tion.  The  unreliability  of  the  direct  spectro¬ 
photometric  method  for  the  assay  of  foods  is 
demonstrated.  The  reaction  of  carotene  with 
antimony  trichloride  has  been  critically  studied. 


THE  enrichment  of  many  food  products  with  vitamin  A  (such 
as  margarine,  milk,  animal  feeds,  emergency  rations,  dietary 
supplements,  etc.)  has  necessitated  the  development  of  a  suitable 
control  assay  procedure.  Spectrophotometric  methods  for  deter¬ 
mining  vitamin  A  in  such  products  frequently  yield  erroneous 
results,  even  when  the  measurements  are  made  on  unsaponifiable 
extracts,  or  when  unfortified  blank  samples  are  available  for  the 
control  tests.  The  modified  spectrophotometric  procedure  in¬ 
volving  destructive  irradiation  of  the  vitamin  A  (5,  12,  14)  to 
obtain  a  blank  value  for  irrelevant  absorbing  materials  presum¬ 
ably  eliminates  the  necessity  for  an  unfortified  sample.  However, 
this  method  involves  additional  analytical  steps,  the  vitamin  A  is 
determined  by  difference,  and  the  blank  correction  may  be  very 
large  in  relation  to  the  actual  vitamin  A  content. 

The  Carr-Price  colorimetric  test  for  vitamin  A  (3),  as  modified 
by  Dann  and  Evelyn  (4),  has  been  improved  to  allow  corrections 
for  the  presence  of  inhibitors  of  the  color  development,  for  tem¬ 
perature  effects,  for  variations  in  the  reagent,  for  turbidities  pro¬ 
duced  in  the  course  of  the  color  development,  and  for  extraneous 
color  present  in  the  final  test  solution.  The  method  has  been 
applied  particularly  to  the  determination  of  preformed  vitamin  A 
in  food  products.  The  application  of  the  test  to  fish  liver  oils 


(13)  has  proved  of  value  in  yielding  data  to  explain  various 
anomalies  encountered  in  spectrophotometric  studies. 

Reagents 

Chloroform,  washed  three  times  with  an  equal  volume  of 
water,  dried  over  anhydrous  sodium  sulfate,  distilled,  and  stored 
over  anhydrous  sodium  sulfate. 

Antimony  Trichloride  Reagent,  prepared  by  dissolving 
125  grams  of  dry  antimony  trichloride,  c.  p.,  in  sufficient  chloro¬ 
form  to  make  a  final  volume  of  500  ml.  This  solution  should  be 
filtered  if  turbid.  It  is  stable  at  room  temperature  for  several 
weeks. 

Vitamin  A  Standard,  a  chloroform  solution  containing  100 
U.  S.  P.  units  of  vitamin  A  per  ml.  This  is  prepared  by  dissolving 
in  chloroform  a  weighed  amount  of  an  oil  solution  of  distilled 
vitamin  A  esters  (Distillation  Products,  Inc.,  Rochester,  N.  Y.) 
whose  vitamin  A  content  is  determined  spectrophotometrically 
using  the  commercial  standard  conversion  factor  of  2000  to  con¬ 
vert  from  328  mg  to  U.  S.  P.  units  of  vitamin  A.  The 

ultraviolet  absorption  curve  of  the  distilled  esters  should  duplicate 
that  of  vitamin  A  (13),  and  the  values  obtained  for  vitamin  A  on 
the  whole  oil  and  unsaponifiable  fraction  should  agree  when  de¬ 
termined  by  both  the  spectrophotometric  and  colorimetric 
methods. 

0.5  N  Alcoholic  Potassium  Hydroxide,  freshly  prepared. 

0.5  N  Aqueous  Potassium  Hydroxide. 

Ether,  freshly  redistilled,  discarding  the  first  and  last  quarters 
of  the  distillate. 

Apparatus 

A  direct-reading  photoelectric  colorimeter,  with  620-  and  720- 
millimicron  filters.  A  null-point  instrument  cannot  be  used. 
The  direct-reading  galvanometer  must  be  critically  damped  and 
have  a  short  period.  The  time  required  to  swing  from  0  to  100 
and  become  stable  should  not  be  more  than  3  seconds.  (The 
Evelyn  photoelectric  colorimeter,  manufactured  by  the  Rubicon 
Co.,  Philadelphia,  Penna.,  has  proved  very  satisfactory.) 

Interchangeable  test  tubes  for  the  colorimeter  with  cork 
stoppers. 

A  micropipet,  carefully  calibrated  to  deliver  0.1  ml.  between 
two  marks. 

A  9-ml.  automatic  pipet  (see  Figure  1).  The  opening  of  the 
stopcock  and  the  outlet  tube  should  be  large  enough  to  permit 


725 


December  15,  1943  ANALYTICA 

complete  delivery  of  the  reagent  within  1  second.  Stopcock 
lubricants  should  not  be  employed. 

Analytical  Procedure 

Preparation  of  the  Unsaponifiable  Fraction.  A  quantity 
of  sample,  preferably  containing  at  least  50  U.  S.  P.  units  of 
vitamin  A,  is  saponified  by  refluxing  with  the  alcoholic  potassium 
hydroxide  for  0.5  hour  on  a  water  bath.  Ten  to  15  ml.  of  alcoholic 
potassium  hydroxide  are  used  for  each  gram  of  sample  taken. 
The  use  of  samples  larger  than  5  grams  is  not  recommended.  In 
the  assay  of  materials  low  in  total  solids  content  it  is  possible  to 
u«e  a  smaller  ratio  of  alcoholic  potassium  hydroxide  to  sample. 
Thus,  in  the  case  of  enriched  milk,  15  ml.  of  sample  are  saponified 
with  45  ml.  of  the  potassium  hydroxide  solution. 

To  avoid  sampling  errors  it  is  desirable,  whenever  possible,  to 
conduct  a  preliminary  saponification  of  a  large  sample,  following 
this  by  a  resaponification  of  an  aliquot  using  a  higher  ratio  of 
alcoholic  potassium  hydroxide  to  sample.  (In  margarine,  for 
example,  a  10-gram  sample  is  refluxed  on  a  water  bath  with  45 
ml  of  alcoholic  potassium  hydroxide,  the  suspension  is  cooled  and 
brought  to  the  50-ml.  mark  with  the  potassium  hydroxide  solu¬ 
tion,  and  a  20-ml.  aliquot  is  further  saponified  after  the  addition 
of  30  ml.  of  alcoholic  potassium  hydroxide.)  The  solution  (or 
suspension)  is  allowed  to  cool,  and  double  its  volume  of  water  is 
added  The  resulting  solution  (or  suspension)  is  then  extracted 
four  times  with  50  to  100  ml.  of  ether.  The  ether  extract  is 
washed  once  with  50  ml.  of  water,  once  with  25  ml.  of  0.5  N 
aqueous  potassium  hydroxide,  and  then  with  50-ml.  portions  of 
water  until  the  last  washing  gives  no  color  with  phenolphthalein. 
After  drying  with  anhydrous  sodium  sulfate  it  is  evaporated 
to  dryness,  the  last  few  millimeters  being  removed  at  room  tem¬ 
perature  with  a  stream  of  nitrogen.  The  residue  is  immediately 
taken  up  in  sufficient  chloroform  to  give  a  final  concentration  of 
from  5  to  15  U.  S.  P.  units  of  vitamin  A  per  ml.,  and  the  color 
reaction  is  then  carried  out  as  quickly  as  possible.  A  turbid 
chloroform  solution  indicates  that  the  ether  extract  had  been 
insufficiently  dried,  requiring  the  addition  of  anhydrous  sodium 
sulfate  to  the  final  test  solution. 

All  operations  are  performed  in  amber  glassware  ( 6 ) . 
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To  another  tube  containing  a  1-ml.  aliquot  of  the  test  solution 
0.1  ml.  of  the  vitamin  A  standard  is  added  from  the  0.1-ml.  micro¬ 
pipet,  followed  by  9  ml.  of  the  antimony  trichloride  reagent  and 
the  minimal  constant  galvanometer  reading  is  again  noted  (B) . 

If  the  test  solution  is  colored,  a  blank  correction  is  made  by 
measuring  the  color  intensity  at  620  millimicrons  of  a  1  to  10  dilu¬ 
tion  of  the  test  solution  in  chloroform  (C).  . 

To  correct  for  turbidity,  occasionally  produced  during  the 
course  of  the  reaction,  the  color  is  developed  in  a  fresh  aliquot, 
and  the  reading  after  4  seconds  noted  using  the  720-millimicron 
filter  (D).  (The  new  center  setting  for  the  720-millimicron  filter 
must  first  be  determined  as  above.) 


Figure  2.  Ultraviolet  Absorption  Curve 
of  Distilled  Vitamin  A  Esters  in  Isopropanol 


Figure  1.  9-Ml.  Automatic  Pipet 
for  Delivery  of  Antimony  Tri¬ 
chloride  Reagent 


Color  Development.  The  center  setting  of  the  instrument 
(using  the  620-millimicron  filter)  is  obtained  by  setting  the 
galvanometer  at  100  with  1  ml.  of  chloroform  and  9  ml.  of  the 
antimonv  trichloride  reagent.  Then  to  another  tube  containing 
1  ml.  of  the  chloroform  test  solution  are  added  9  ml.  of  the 
reagent  from  the  automatic  pipet.  The  tube  is  immediately 
stoppered  and  swirled,  and  the  minimal  constant  galvanometer 
reading  is  recorded  (A)  (usually  within  4  seconds  after  the  addi¬ 
tion  of  the  reagent) . 


Calculations.  Galvanometer  readings  are  converted  to 
photometric  densities  according  to: 

P.D.  =  2  -  log  G 


Then, 


A  -C  -  D 
1.01  B  —  A 


10  X  dilution  factor  = 


U.  S.  P.  units  of  vitamin  A 
per  gram  of  sample 


Discussion  of  Method 

Extraneous  Color  and  Turbidity.  If  the  test  solution  con¬ 
tains  pigments  that  absorb  light  at  620  millimicrons,  the  pro¬ 
cedure  outlined  above  offers  a  simple  method  for  correction. 

Turbidity,  even  though  not  present  in  the  initial  test  solution, 
occasionally  develops  upon  the  addition  of  the  antimony  tri¬ 
chloride  reagent.  Since  the  blue  color  of  the  vitamin  A  reaction 
product  shows  negligible  absorption  at  720  millimicrons,  the 
method  offers  a  direct  means  of  measuring  and  correcting  for 
turbidity.  The  increment  procedure  demonstrates  that  the 
substances  responsible  for  turbidity  do  not  interfere  with  the 
color  development. 

Selection  of  the  Distilled  Vitamin  A  Esters  as  the 
Reference  Standard.  The  ultraviolet  absorption  curve  of  this 
preparation,  plotted  in  Figure  2,  is  typical  of  that  of  vitamin  A 
(see  Figure  1  of  IS).  At  their  respective  absorption  maxima  the 
extinction  coefficients  of  the  whole  oil  and  its  unsaponifiable  frac¬ 
tion  show  excellent  agreement  (IS).  The  oil  solution  of  the  dis¬ 
tilled  esters  is  uniform,  readily  obtainable,  and  very  stable. 
The  extinction  coefficient  at  328  millimicrons  of  a  stock  sample  has 
not  changed  significantly  over  a  period  of  6  months,  during  which 
time  it  was  stored  under  nitrogen  in  a  refrigerator  in  the  absence 
of  light.  Even  a  chloroform  solution  of  the  distillate  is  stable  for 
several  days.  However,  as  a  precautionary  measure,  the  stand¬ 
ard  should  be  freshly  prepared  each  time  it  is  used. 

The  paper  on  the  spectrophotometric  assay  of  vitamin  A  (IS) 
was  concerned  in  part  with  experiments  on  crystalline  vitamin  A 
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acetate.  This  material  was  selected  for  that  work  because  it 
could  be  considered  free  of  irrelevant  absorbing  materials  and 
artificial  stabilizers.  The  distilled  esters  preparation  was  con¬ 
sidered  as  unsuited  since  it  contains  tocopherol.  However,  in  the 
present  study,  the  presence  of  tocopherol,  imparting  greater 
stability  to  the  oil  to  be  used  as  the  standard,  is  desirable.  The 
content  of  tocopherol  is  insufficient  to  alter  appreciably  the  ab¬ 
sorption  curve  for  vitamin  A.  Besides,  it  was  suggested  by 
a  comparison  of  the  vitamin  A  values  obtained  by  the  spectro- 
photometric  and  colorimetric  procedures  (IS)  that  the  vitamin  A 
acetate  might  contain  a  very  small  quantity  of  oxidized  vitamin  A, 
insufficient  to  alter  the  absorption  curve.  Thus,  if  the  vitamin  A 
acetate  were  used  as  the  standard,  the  colorimetric  values  for  the 
distilled  vitamin  A  esters  preparation  and  other  excellent  vitamin 
A  oils  would  be  greater  than  those  derived  from  spectrophoto- 
metric  measurements.  In  the  case  of  the  U.  S.  P.  reference  cod 
liver  oil  No.  2,  the  discrepancy  between  spectrophotometric 
and  colorimetric  values  is  extremely  large,  invalidating  its  use  as 
a  standard  for  the  colorimetric  method. 

In  the  method  here  described,  the  factor  2000  used  for  deriving 
the  vitamin  A  unitage  of  the  standard  from  the  extinction  coeffi¬ 
cient  fixes  the  colorimetric  estimates  of  potency  to  this  somewhat 
arbitrary  relationship.  For  practical  work  with  commercial  fish 
liver  oils  and  products  with  which  they  are  fortified,  this  is  ex¬ 
pedient,  since  trading  in  oils  has  been  based  largely  on  the 
spectrophotometric  test.  The  adoption  of  the  commercial  stand¬ 
ard  conversion  factor  has  minimized  disputes  due  to  the  use  of 
different  factors  in  different  laboratories,  with  insufficient  regard 
for  the  fact  that  these  factors  were  no  more  reliable  than  the 
bioassays  upon  which  they  were  based. 

Increment  Procedure.  The  principle  of  adding  to  the 
test  solution  a  known  increment  of  the  compound  for  which  assay 
is  being  made,  rather  than  basing  calculations  on  a  reference 
curve  developed  with  pure  solutions,  has  been  used  successfully 
in  several  vitamin  assay  procedures  (1,  8,  10).  By  adding  a 
known  increment  of  vitamin  A  to  the  chloroform  test  solution  the 
standard  is  subjected  to  the  same  inhibitory  (or  accelerating) 
conditions  during  the  color  development  as  the  vitamin  A  origi¬ 
nally  present.  When  graded  amounts  of  vitamin  A  are  added  as 
increments,  a  linear  relationship  is  observed  among  them  on  color 
development,  though  the  intensity  of  the  colors  developed  may 
deviate  considerably  from  those  obtained  in  pure  solution.  Many 
naturally  occurring  chemical  inhibitors 
are  not  of  great  concern,  since  they  are 
largely  eliminated  by  assaying  the  un- 
saponifiable  fraction  (11).  This  can  be 
demonstrated  in  assaying  the  U.  S.  P. 
reference  cod  liver  oil  from  freshly  opened 
bottles.  On  the  other  hand,  such  vari¬ 
ables  as  the  concentration,  water  and 
alcohol  content,  and  stability  of  the  re¬ 
agent,  and  the  influence  of  tempera¬ 
ture  on  the  reaction  can  best  be 
compensated  for  by  the  increment 
method. 

The  use  of  the  distilled  esters  as  an 
increment  in  the  colorimetric  assay  of 
unsaponifiable  extracts  of  foods  is  justi¬ 
fied,  since  the  intensity  of  the  color 
produced  by  a  given  quantity  of  esteri- 
fied  vitamin  A  reacting  with  the  anti¬ 
mony  trichloride  reagent  is  the  same  as 
that  for  an  equivalent  weight  of  the  free 
alcohol  (13). 

Stability  of  Vitamin  A  in  Chloro¬ 
form  Solution.  The  distilled  vitamin 
A  esters  solution  dissolved  in  anhy¬ 
drous,  redistilled  chloroform  to  a  vitamin 
A  concentration  of  100  U.  S.  P.  units 


per  ml.  has  been  found  to  be  stable  for  as  long  as  3  days  at 
room  temperature  (25°  C.).  Similar  tests  on  a  large  series  of 
fish  liver  oils  showed  no  losses  of  vitamin  A  during  a  24-hour 
period.  However,  an  oil  is  occasionally  encountered  which  shows 
unusual  instability.  In  such  cases  the  antimony  trichloride  reac¬ 
tion  must  be  carried  out  on  a  freshly  prepared  chloroform  solution. 

Comparison  of  the  Colorimetric  with  the  Direct  Spec¬ 
trophotometric  Method  of  Assay.  Spectrophotometric  vita¬ 
min  A  assays  can  be  regarded  as  reliable  only  when  an  unsaponi¬ 
fiable  extract  of  the  substance,  dissolved  in  a  suitable  solvent, 
gives  an  ultraviolet  absorption  curve  typical  of  vitamin  A. 
This  is  rarely  the  case  in  testing  foods,  as  may  be  seen  in  Figures 
3  and  4.  While  in  every  case  there  was  a  slight  inflection  at  323 
millimicrons,  where  vitamin  A  alcohol  absorbs  maximally  in 
isopropanol,  the  curves  are  atypical  of  the  vitamin.  This  indicates 
that  other  materials  than  vitamin  A  were  present  which  absorbed 
in  this  region  of  the  spectrum.  Thus,  extremely  high  values  for 


Figure  3.  Ultraviolet  Absorption  Curves  of 
Unsaponifiable  Fractions  of  Margarine,  Milk, 
Butter,  and  Whole  Egg 


Table  I.  Comparison  between  Spectrophotometric  and  Antimony  Trichloride 
Tests  in  Fortified  and  Natural  Foods 


Spectrophotometric  Test  Antimony  Trichloride  Test 

Total  Blank  Recovered  Total  Blank  Recovered 

- U.  S.  P.  Units  of  Vitamin  A  Per  Gram - — 


Description3 


Fortified  margarine,  “15,000  units 
per  lb.”  (33  units  per  gram) 

Fortified  milk,  “4000  units  per 
quart”  (4.06  units  per  gram 
added) 

Fortified  cracker,  “1500  units  per 
cracker”*  (224  units  per  gram) 

Fortified  vitamin-mineral  soup 
mix,  “5000  units  per  ounce” 
(176  units  per  gram) 

Same,  after  2  weeks,  42°  C. 

Same,  after  2  weeks,  55°  C. 

Fortified  chocolate  malted  milk 
mix,  “3000  units  per  ounce” 
(106  units  per  gram) 

Fortified  vitamin  mineral  lozenge, 
“5000  units  per  wafer”  (517 
units  per  gram) 

Poultry  feed  supplement,  200(7) 
units  per  gram 

Fresh  whole  egg,  10  to  20  units  per 
gram  (15) 

Butter  (80%  fat),  35  to  50  units 
per  gram  (15) 


70.4 

38.0 

32.4 

12.7 

9.13 

3.57 

156 

50 

106 

430 

570 

700 

260 

170 

142 

780 

.  . . 

400 

24 

... 

33 

31.8 

0.8 

31.0 

4.57 

0.65 

3.92 

116 

3 

113 

190 

140 

110 

5 

185 

108 

... 

... 

495 

195 

24 

(  +  6)‘ 

18 

(  +  10)  c 

3  Values  in  quotations  represent  vitamin  A  added  in  preparing  commercial  sample. 

*  Good  agreement  between  spectrophotometric  and  colorimetric  methods,  after  correction  for  ap¬ 
parent  vitamin  A  content  of  unfortified  cracker,  indicates  that  expected  value  was  in  error. 
c  As  carotene  determined  by  chromatographic  adsorption. 
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Table  II.  Reliability  of  Method  for  Determining  Carotene  by  the  Antimony 

Trichloride  Reaction 

Photometric  Density,  620  Millimicrons 


Test  Solution  (in  1  ml.  of 

4 

1.0 

30 

2 

3 

Comment 

CHCI3) 

seconds 

minutes 

i  minutes 

hours 

hours 

10  IT.  S.  P.  units  of  vitamin  _ 

A  (approximately  3  fig.) 

0.270 

0.226 

0.025 

0.016 

0.016 

Typical  vitamin  A  reaction 

60  fig.  of  /3-carotene 

10  U.  S.  P.  units  of  vitamin 

A  +  60  fig.  of  /3-carotene 

0.222 

0.209 

0.268 

0.321 

0.328 

Typical  carotene  reaction 

0.502 

0.447 

0.297 

0.323 

0.323 

Carotene  and  vitamin  A  reac¬ 
tions  additive 

Conclusion:  Antimony  trichloride  reaction  can 

differentiate 

quantitatively  between  vitamin  A  and  carotene  in 

Unsaponifiable  extract  of 
0.26  gram  of  whole  egg 
Same  +.10  U.  S.  P.  units  of 
vitamin  A 

0.276 

0.295 

pure  solutions. 

0.166  0.161 

0.173 

“Carotene”,  fig./g. 

[  By  SbCls  reaction  =  126 

0.536 

0.517 

0.188 

0. 161 

0.167  \ 

By  A.  O.  A.  C.  method  ( 2 )  =  5.0 

By  chromatographic  adsorption  (7) 

Same  +  60  fig.  of  /3-caro¬ 
tene 

0.464 

0.506 

0.420 

0.456 

0.468  | 

Total  =  4.5 
/3-carotene  =  2.5 

Unsaponifiable  extract  of 
0.38  gram  of  butter 

Same  +  10  U.  S.  P.  units  of 
vitamin  A 

0.202 

0.170 

0.042 

0.041 

0.043  I 

By  SbCb  reaction  =  22 

0.457 

0.376 

0.059 

0.054 

1 

0.056  \ 

By  A.  O.  A.  C.  method  (2)  =  7.1 

By  chromatographic  adsorption  (7) 

Same  +  60  »g.  of  /3-caro¬ 
tene 

0.447 

0.403 

0.300 

0.329 

0.332 

Total  =  6.4 

[  /3-carotene  =  5.8 

Conclusion:  Antimony  trichloride  reaction  on  unsaponifiable  fraction  of  above  products  measures  other  compounds 

in  addition  to  carotene  and  vitamin  A. 


the  application  of  this  spec- 
trophotometric  technique  to 
the  assay  of  enriched  food 
products,  such  as  those  in 
Table  I,  must  sacrifice  pre¬ 
cision  for  specificity.  In  ad¬ 
dition,  in  any  such  method 
it  must  be  shown  that  the 
vitamin  A  is  quantitatively 
converted  by  the  irradiation 
to  materials  which  fail  to  ab¬ 
sorb  fight  at  328  millimicrons 
and  that  the  extinction  coef¬ 
ficients  at  328  millimicrons  of 
substances  other  than  vitamin 
A  are  not  appreciably  affected 
by  this  treatment. 

For  the  two  natural  prod¬ 
ucts  fisted  in  Table  I — namely, 
whole  egg  and  butter — the 
direct  spectrophotometric 
values  for  preformed  vita¬ 
min  A  were  not  so  unreason¬ 
able  when  compared  with 


vitamin  A  are  obtained  when  the  estimates  are  based  on  a  single 
spectrophotometric  reading  at  328  (or  325)  millimicrons,  even  if 
unsaponifiable  extracts  are  tested. 

In  the  case  of  fortified  preparations  the  difference  between  the 
extinction  coefficients  at  328  millimicrons  of  the  vitamin  A  en¬ 
riched  sample  and  an  unfortified,  though  otherwise  identical, 
blank  sample  may  be  used  for  calculating  the  amount  of  vitamin 
A  added.  However,  this  is  a  difference  method,  necessitating 
two  separate  analyses  and  the  use  of  a  blank  sample,  which  is  not 
always  available.  Furthermore,  the  blank  value  is  often  very 
high  relative  to  the  total  absorption  at  328  millimicrons,  thus  de¬ 
creasing  the  precision  of  the  method.  In  the  case  of  some  blank 
samples  there  are  present  appreciable  quantities  of  vitamin  A 
(as,  for  example,  in  milk),  and  while  a  fairly  good  approximation 
of  the  vitamin  A  added  in  fortification  may  be  obtained,  a  re¬ 
liable  estimate  of  the  total  vitamin  content  of  the  enriched  sample 
cannot  be  made  by  this  spectrophotometric  procedure. 

In  Table  I  are  presented  the  results  of  assays  using  both  the 
spectrophotometric  and  colorimetric  methods.  In  each  case  con¬ 
firmatory  data  were  obtained  by  assays  conducted  on  several 
preparations  in  each  category.  The  spectrophotometric  blank 
lvalues  obtained  for  the  samples  tested  were  high.  On  the  other 
hand,  in  the  antimony  trichloride  tests,  the  blank  values  were 
so  low  that  they  could  actually  have  been  ignored.  Only  in  the 
case  of  milk  was  this  figure  appreciable,  accounting  for  approxi¬ 
mately  14  per  cent  of  the  vitamin  A  present  in  the  fortified  prod¬ 
uct.  This  value,  however,  actually  represented  in  large  part 
vitamin  A  and  is  really  not  a  blank  in  the  usual  sense  of  the  word. 

The  unreliability  of  the  spectrophotometric  method  for  esti- 
jmating  the  vitamin  A  content  of  food  materials  is  clearly  demon¬ 
strated  by  the  values  obtained  for  a  sample  of  a  vitamin-  and 
mineral-fortified  soup  mix.  While  the  apparent  vitamin  A  con¬ 
tent  as  determined  spectrophotometrically  increased  on  storage 
at  an  elevated  temperature,  owing  to  the  formation  of  non¬ 
specific  absorbing  substances,  the  antimony  trichloride  test 
ishowed  a  decrease  in  vitamin  A  content,  as  was  expected.  Un¬ 
fortunately,  no  stored  blank  samples  were  available,  but  if  they 
had  been  the  spectrophotometric  vitamin  A  values  of  the  in¬ 
cubated  samples  might  have  agreed  better  with  the  colorimetric 
figures. 

In  the  case  of  those  samples,  which  naturally  contain  inap¬ 
preciable  amounts  of  vitamin  A,  the  modified  spectrophotometric 
jmethod,  involving  destructive  irradiation  of  the  vitamin  A, 
should  theoretically  yield  the  same  blank  values  as  those  re¬ 
corded  by  the  direct  method  for  the  unfortified  samples.  Thus, 


the  bioassay  figures  for  total  vitamin  A  reported  in  the  literature 
(15).  However,  the  ultraviolet  absorption  curves  of  the  un¬ 
saponifiable  fractions  of  these  products  demonstrated  that  sub¬ 
stances  other  than  vitamin  A  were  present,  absorbing  light  at  325 
millimicrons.  Thus,  the  spectrophotometric  values  must  be  re¬ 
garded  as  being  erroneously  high.  This  also  casts  suspicion  on 
the  reliability  of  the  colorimetric  value,  particularly  for  whole 

egg. 


E 


A(m/z)  A(m/4 


Figure  4.  Ultraviolet  Absorption  Curves  of  Un¬ 
saponifiable  Fractions  of  Chocolate  Malted  Milk 
Mix,  Vitamin  and  Mineral  Lozenge,  Poultry  Feed 
Supplement,  and  Fortified  Soup  Mix 


The  reliability  of  the  spectrophotometric  determination  of 
vitamin  A  in  milk  was  not  improved  when  the  saponification  was 
conducted  on  an  ether  extract  of  the  milk. 

Determination  of  Preformed  Vitamin  A  and  Carotene 
in  the  Presence  of  Each  Other.  The  antimony  trichloride 
test,  as  applied  in  the  present  study,  is  intended  for  the  meas¬ 
urement  of  only  preformed  vitamin  A.  Carotene  also  yields  a 
blue  color  with  antimony  trichloride  (9),  though  of  much  lower 
intensity  on  a  weight  for  weight  basis.  Furthermore,  the  color 
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reaction  with  carotene  differs  from  the  vitamin  A  reaction  in  that 
it  attains  its  maximal  intensity  only  after  standing,  instead  of 
fading  from  an  almost  instantaneous  maximum.  In  Table  II 
the  difference  between  these  two  reactions  is  shown. 

The  maximal  color  produced  by  10  U.  S.  P.  units  (about  3 
micrograms)  of  vitamin  A  and  measured  at  620  millimicrons  is  of 
approximately  the  same  order  as  that  produced  by  60  micrograms 
of  /3-carotene,  although  the  time  at  which  these  maximal  intensi¬ 
ties  are  reached  differed.  Thus,  on  the  basis  of  equal  weights,  the 
ratio  of  the  color  intensity  of  the  reaction  product  of  preformed 
vitamin  A  to  that  of  /3-carotene  is  approximately  20  to  1 ;  on  the 
basis  of  biological  activity,  it  is  10  to  1.  These  data  also  show 
that  vitamin  A  and  carotene,  in  solution  together,  react  in  an 
additive  manner.  In  the  case  illustrated  the  photometric  density 
at  any  given  time  closely  approximates  the  sum  of  the  two 
individual  values.  After  an  interval  of  2  hours,  when  the  blue 
color  due  to  reacted  vitamin  A  has  almost  completely  disap¬ 
peared,  the  residual  photometric  density  is  a  measure  of  the  /3- 
carotene  present.  Thus,  the  antimony  trichloride  reaction  can 
be  used  to  differentiate  quantitatively  between  vitamin  A  and 
/3-carotene  in  pure  solutions,  according  to  the  following  equa¬ 
tions: 

0  222 

(P.  D.  at  4  seconds)  —  Q-ggi  '*■  at  2  hours)  = 

P.  D.  due  to  preformed  vitamin  A 

and 

(P.  D.  at  2  hours)  =  P.  D.  due  to  /3-carotene 


where 


P.  D.  =  photometric  density  =  2  —  log  G 

Attempts  were  made  (see  Table  II)  to  apply  this  method  to 
such  natural  products  as  whole  egg  and  butter,  which  contain 
appreciable  quantities  of  both  preformed  vitamin  A  and  carotene. 
In  the  case  of  the  whole  egg  the  photometric  density  of  the  test 
solution  reached  a  maximum  in  4  seconds,  diminished  promptly, 
and  after  about  0.5  hour  reached  a  level  at  which  it  remained  con¬ 
stant.  A  sufficient  time  was  then  allowed  for  the  disappearance 
of  the  color  of  the  vitamin  A  reaction  product.  Fully  2  hours  were 
required,  as  indicated  by  the  fact  that  only  after  this  period  did 
the  photometric  density  of  the  solution,  containing  the  known 
increment  of  vitamin  A,  equal  that  of  the  test  solution. 

The  photometric  density  after  2  hours  was  then  attributed 
to  reacted  carotene.  The  test  was  repeated  after  adding  60  micro- 
grams  of  /3-carotene  to  another  portion  of  the  original  test  solu¬ 
tion,  and  the  photometric  density  after  2  hours  again  recorded. 
Using  this  increment  in  photometric  density  as  the  standard,  the 
/3-carotene  content  of  the  unfortified  sample  was  computed  to  be 
126  micrograms  of  /3-carotene  per  gram.  This  value  is  outside 
the  range  of  probability,  since  the  simple  A.  O.  A.  C.  (2)  colori¬ 
metric  method  for  crude  carotene  gave  a  value  of  5  micrograms 
per  gram,  and  the  more  specific  chromatographic  adsorption  pro¬ 
cedure  (7)  showed  4.5  micrograms.  In  other  words,  it  appears 
that  in  whole  egg,  compounds  other  than  /3-carotene  are  present 
which  give  a  stable  antimony  trichloride  reaction  product  ab¬ 
sorbing  fight  at  620  millimicrons.  (In  egg  the  xanthophylls 
comprise  a  large  fraction  of  the  carotenoid  pigments.)  The 
presence  of  preformed  vitamin  A  in  the  unsaponifiable  extract 
prepared  from  butter  was  demonstrated  by  the  fact  that  the 
initial  photometric  density  was  maximal,  and  promptly  de¬ 
creased  to  a  minimum  in  30  minutes,  after  which  it  remained 
constant.  However,  the  estimate  of  the  carotene  content  from 
the  residual  stable  photometric  density  value  of  the  test  sample 
and  that  produced  by  a  known  increment  of  /3-carotene  is  like¬ 
wise  erroneous;  the  estimate  of  22  micrograms  per  gram  of 
/3-carotene  is  considerably  higher  than  the  value  found  by  the 
A.  O.  A.  C.  colorimetric  procedure  or  by  chromatographic  ad¬ 


sorption.  It  is  apparent,  therefore,  that  the  antimony  trichlo¬ 
ride  method,  as  described,  cannot  be  used  for  the  determination 
of  carotene  in  foods. 

The  use  of  this  reaction  for  the  determination  of  preformed 
vitamin  A  may  be  subjected  to  some  criticism,  since  it  is  as¬ 
sumed  that  the  stable  readings  obtained  after  2  hours  are  due  to 
compounds  which,  although  not  /3-carotene,  behave  hke  it.  When 
the  2-hour  reading  is  large  relative  to  that  noted  at  the  end  of  4 
seconds  (58  per  cent  in  the  case  of  the  whole  egg),  errors  due  to  the 
above  assumption  may  be  appreciable,  and  may  therefore  invali¬ 
date  the  test.  When  the  stable  reading  is  small  relative  to  that 
at  4  seconds  (20  per  cent  in  the  case  of  butter),  a  more  reliable 
value  for  preformed  vitamin  A  is  obtained. 

In  the  authors’  opinion,  preformed  vitamin  A  in  food  materials 
should  be  estimated  by  the  improved  antimony  trichloride  reac¬ 
tion  and  carotene  should  be  estimated  independently,  preferably 
by  chromatographic  adsorption.  A  small  correction  may  then  be 
applied  for  the  reaction  of  the  carotenoids  with  the  antimony 
trichloride  reagent  in  the  test  for  vitamin  A.  It  is  apparent,  from 
the  results  shown  in  Table  II,  that  in  testing  a  product  in  which 
as  much  as  half  of  the  vitamin  A  potency  is  due  to  /3-carotene, 
the  amount  of  color  at  4  seconds  due  to  the  reaction  of  carotene 
is  small,  of  the  order  of  8  per  cent. 

The  simple  procedure,  suggested  by  Dann  and  Evelyn  (4),  of 
measuring  the  yellow  color  of  the  chloroform  solution  prior  to  its 
reaction  with  the  antimony  trichloride  reagent  and  attributing 
this  to  carotene,  has  been  found  to  yield  “carotene”  values  for  a 
number  of  food  materials  as  much  as  six  times  greater  than  those 
obtained  by  the  simple  A.  O.  A.  C.  (£)  colorimetric  procedure, 
which  is  admitted  to  be  not  specific  for  the  biologically  active 
carotenoids  (7). 


Summary 


A  modification  of  the  antimony  trichloride  method  is 
described  for  determining  vitamin  A  in  food  products.  The 
method  compensates  for  the  effect  of  inhibitors  of  the  color 
reaction,  variations  in  the  reagent,  temperature  effects,  and 
extraneous  colors  and  turbidity  that  sometimes  interfere. 

When  foods  are  assayed  by  the  spectrophotometric  procedure, 
erroneously  high  estimates  are  usually  obtained  despite  prelimi¬ 
nary  extraction  of  their  unsaponifiable  fractions  for  the  tests.  In 
such  cases  the  absorption  curves  deviate  markedly  from  the  char¬ 
acteristic  vitamin  A  curve.  The  use  of  unfortified  blank  samples 
(if  they  are  available)  increases  the  specificity  of  this  method  with 
the  possible  sacrifice  of  precision.  The  modified  spectrophotomet¬ 
ric  procedure  involving  ultraviolet  destruction  of  vitamin  A  is  a 
“difference  method”,  the  blank  corrections  being  large  relative  to 
the  true  vitamin  A  values.  In  the  colorimetric  method  a  blank 
sample  is  usually  unnecessary  because  of  the  greater  specificity 
of  the  procedure  for  determining  vitamin  A  in  foods. 

/3-Carotene  reacts  with  the  antimony  trichloride  reagent  to  give 
a  stable  blue  color.  Determination  of  both  carotene  and  pre¬ 
formed  vitamin  A,  in  the  presence  of  each  other  in  pure  solutions, 
is  possible  by  this  reaction.  However,  in  natural  foods,  substances 
other  than  carotene  yield  blue  reaction  products,  invalidating  use 
of  this  test  for  the  determination  of  carotene.  The  amount  of 
color  due  to  the  reaction  of  pure  /3-carotene  with  the  reagent  is 
very  much  less  than  that  due  to  preformed  vitamin  A,  expressed 
either  on  the  basis  of  equal  weight  or  equivalent  biological 
activity.  Thus,  only  a  minimal  correction  for  /3-carotene,  if  any 
at  all,  need  be  applied  to  colorimetric  preformed  vitamin  A 
values  in  the  assay  of  foods  containing  both  forms  of  the  vitamin. 
Carotene  should  be  estimated  independently,  preferably  bj 
chromatographic  adsorption. 
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Polarographic  Analysis  of  Dilute  Solutions  of 

Bismuth 


DONALD  F.  SWINEHART1,  A.  B.  GARRETT,  and  WILLIAM  M.  MacNEVIN 
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Data  are  presented  for  the  quantitative  polaro¬ 
graphic  analysis  of  dilute  solutions  of  bismuth  in 
the  form  of  the  complex  tartrate  in  acetate-buffered 
solutions.  Such  solutions  (10-S  to  3  X  10  3  molal) 
can  be  analyzed  with  an  average  error  of  1  mg. 
of  bismuth  per  liter.  The  diffusion  current 
is  not  quite  a  linear  function  of  the  bismuth  con¬ 
centration  from  IX  10~5  to  3  X  10  "3  molar  solutions 
at  the  pH  value  and  tartrate  concentration  investi¬ 
gated  in  this  work.  The  half-wave  potential  is  a 
function  of  the  pH  of  the  solution. 


IN  THE  course  of  an  investigation  of  the  ionic  equilibria  of 
bismuth  it  became  necessary  to  analyze  dilute  solutions  of 
bismuth  (in  the  range  10“ 2  to  10“ 6  molal).  This  paper  presents 
lata  on  the  use  of  the  polarographic  method  for  the  analysis  of 
such  solutions. 

Early  attempts  were  made  to  obtain  polarograms  for  the 
■eduction  of  bismuth  in  hydrochloric  acid  using  a  Heyrovsky 
inicro polarograph2.  At  these  high  hydrogen- 

on  concentrations  the  half-wave  potential  was 
so  close  to  zero  applied  potential  that  little  or  no 
Dart  of  the  residual  current  curve  was  obtained 
so  be  used  in  evaluating  the  diffusion  currents. 

(n  addition,  the  curves  exhibited  erratic  maxima. 

However,  the  half-wave  potential  of  a  bismuth- 
sartrate  complex  ion  is  known  to  be  more 
legative  than  that  of  Bi+++  by  several  tenths 
>f  a  volt  (6).  Such  a  system  gave  promise  of 
ivoiding  the  difficulty  experienced  with  the 
lydrochloric  acid  solutions;  a  brief  study  of 
shis  system  is  reported  in  this  paper. 

Apparatus 

A  manual  apparatus,  similar  to  that  of 
bingane  and  Kolthoff  (5),  was  used  for  this 
vork.  A  9999-ohm  decade  resistance  box  was 


*  Present  address,  Eastman  Kodak  Co.,  Rochester, 
'I.  Y. 

*  Page  and  Robinson  (4)  have  recently  published  an 
iccount  of  the  polarographic  analysis  of  bismuth  in 
lydrochlorie  and  sulfuric  acid  solutions.  Most  of  the 
luthors’  work  was  done  before  this  paper  was  published. 


connected  in  series  with  the  cell  consisting  of  the  dropping 
mercury  electrode  and  a  normal  calomel  half-cell.  The  drop  in 
potential  across  this  resistance  was  measured  with  a  student 
potentiometer  ( ±0.0001  volt).  The  currents  flowing  were  calcu¬ 
lated  from  Ohm’s  law.  Another  student  potentiometer  was  used 
as  a  volt-box  for  tapping  off  known  potentials  (to  be  impressed 
across  the  cell)  from  Edison  cells.  A  galvanometer  (2  X  10“8 
ampere  per  mm.  sensitivity)  was  used  for  null-point  readings  only. 
The  dropping  mercury  electrode  was  attached  to  a  leveling  bulb 
and  manometer  (3).  No  rubber  was  in  contact  with  the  mercury. 
With  a  head  of  35.0  cm.  of  mercury,  an  average  of  1.443  mg.  of 
mercury  flowed  from  the  capillary  each  second  when  immersed  in 
the  solution  used  and  at  a  potential  of  0.500  volt  across  the  cell. 
The  drop  time  averaged  3.43s  seconds,  giving  the  value  of  1.57  for 
the  product  ra2/3f1/6  ( 2 ).  All  work  was  done  with  the  cells  ther- 
mostated  at  35°  ±  0.05°  C. 

Materials 

Grasselli’s  c.  p.  hydrochloric  acid,  Baker’s  analyzed  (reagent 
quality)  bismuth  chloride,  glacial  acetic  acid,  sodium  hydroxide, 
and  sodium  acetate,  and  Coleman-Befl’s  c.  p.  tartaric  acid  were 
used  throughout  this  work .  All  solutions  were  made  with  double- 
distilled  water. 


Figure  1.  Typical  Polarograms 

A.  100  mg.  of  bismuth  per  liter,  pH  4.20 

B.  100  mg.  of  bismuth  per  liter,  pH  4.75 

C.  100  mg.  of  bismuth  per  liter,  pH  5.90 

D.  0  mg.  of  bismuth  per  liter,  pH  4.75 

Each  solution  was  0.1  molar  in  tartrate  and  buffered 
with  acetic  acid-sodium  acetate  mixtures 
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Figure  2.  Plot  Used  to  Find  Value 
of  Half-Wave  Potential  of  B, 
Figure  1 


Figure  3.  Variation  of  Measured  Current 
with  Change  of  Bismuth  Concentration 
All  solutions  were  0.1  molar  in  tartrate,  0.05  molar  in  acetic 
acid,  and  0.05  molar  in  sodium  chloride.  pH  4.75  ±  0.05 


solutionscontaining  the  sup¬ 
porting  electrolyte  only — 
i.  e.,  tartrate  and  acetate 
buffer  system  (c/.  Figure  1, 
D ) — from  the  measured 
currents. 

The  half-wave  potentials 
were  obtained  from  a  plot  of 
id  —  i 

E  vs.  log  — r —  where  E  = 

i 

Ei/i  when  log  — -  =  0. 

This  plot  for  curve  B, 
Figure  1,  is  shown  in 
Figure  2. 

Currents  (measured  as 
total  current  at  —0.500 
volt)  at  various  bismuth 
concentrations  are  shown 
graphically  in  Figure  3. 
The  curve  is  strictly  linear 
below  a  bismuth  concen¬ 
tration  of  100  mg.  per  liter. 
The  ratio  of  id  (microam¬ 
peres)  to  concentration  of 
bismuth  (mg.  per  liter) 
has  an  average  value  of 
0.0340  in  this  range.  Above 
a  bismuth  concentration  of 
100  mg.  per  liter  the  curve 
deviates  slightly  from 
linearity.  At  a  bismuth 


Experimental 

A  standard  solution  of  bismuth  trichloride  in  hydrochloric 
acid  was  prepared.  It  was  standardized  gravimetrically  by  re¬ 
moving  the  chloride  ions  by  twice  evaporating  the  solution  nearly 
to  dryness  with  excess  nitric  acid,  precipitating  the  bismuth  as  the 
basic  carbonate,  and  igniting  the  basic  carbonate  to  the  oxide 
which  was  weighed.  All  other  solutions  of  bismuth  were  pre¬ 
pared  by  dilution  of  this  standard  solution  in  calibrated  flasks. 

Atmospheric  oxygen  was  removed  from  all  samples  by  bubbling 
purified  nitrogen  through  them  for  10  minutes. 

Dilute  bismuth  solutions,  0.1  molar  in  tartrate  and  buffered 
with  acetic  acid-sodium  acetate  mixtures,  were  investigated;  they 
showed  well  formed  polarographic  waves.  At  high  bismuth 
concentrations  the  waves  exhibited  small  maxima  but  these  were 
completely  eliminated  by  the  addition  of  one  drop  of  0.1  per  cent 
potassium  methyl  red  solution  per  25  cc.  of  solution.  The  results 
are  shown  in  Figures  1  to  4. 

The  relation  between  the  diffusion  current  and  the  concentra¬ 
tion  of  bismuth  (present  as  tartrate  complex)  was  determined  by 
obtaining  polarograms  on  solutions  which  varied  in  bismuth 
concentration  but  all  of  which  were  0.1  molar  in  tartrate,  0.05 
molar  in  acetic  acid,  and  0.05  molar  in  sodium  acetate.  All  these 
solutions  had  a  pH  of  4.75  ±  0.05.  All  diffusion  currents  were 
measured  at  a  potential  of  —0.500  volt  with  reference  to  the 
normal  calomel  electrode. 

Suchy  ( 6 )  reported  a  half-wave  potential  of  —0.34  volt  for  this 
reduction,  but  all  the  authors’  work  on  the  acetate-buffered  bis¬ 
muth  tartrate  solutions  showed  values  of  about  —0.27  volt.  To 
account  for  this  discrepancy,  the  effect  of  change  of  pH  on  the 
half-wave  potential  was  investigated. 

The  pH  determinations  were  carried  out  with  a  glass  electrode 
using  a  0.0500  molar  potassium  acid  phthalate  solution  as  a 
standard  (pH  =  3.97,  1). 

Data  and  Discussion 

Typical  data  for  complete  polarograms  of  the  bismuth-tartrate 
complex  are  shown  graphically  in  Figure  1  where  I  is  the  measured 
current  in  microamperes. 

Diffusion  currents,  i,  and  limiting  diffusion  currents,  id,  were 
obtained  bv  subtracting  the  residual  currents,  obtained  with 


Figure  4.  Half-Wave  Potential  as  a  Func¬ 
tion  of  pH 

For  solutions  containing  100  rag.  of  bismuth  and  0.1  mole  of 
tartrate  per  liter 
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concentration  of  300  mg.  per  liter  the  above  ratio  drops  to  0.0330, 
at  500  mg.  per  liter  to  0.0318,  and  at  600  mg.  per  liter  to  0.0308. 

It  was  found  that  high  concentrations  of  sodium  chloride 
lowered  the  slope  of  the  curve  in  Figure  3  proportionately  to 
the  sodium  chloride  concentration.  One  molar  sodium  chloride 
lowered  the  slope  from  0.0340  to  0.0318,  and  2  and  3  molar  sodium 
chloride  lowered  it  to  0.0296  and  0.0276,  respectively.  This 
effect  has  been  noted  by  Peracchio  and  Meloche  (-5). 

The  polarographic  data,  plotted  on  a  large  scale,  were  used 
for  the  analysis  of  dilute  solutions  of  bismuth.  An  extrapolation 
of  this  plot  (Figure  3)  to  zero  concentration  gave  an  accurate 
value  of  the  residual  current  of  0.20  microampere  at  -0.500 
volt.  Values  of  the  diffusion  currents  were  reproducible  to  an 
equivalent  of  about  1  mg.  of  bismuth  per  liter  at  all  concentra- 
tions. 

The  different  values  of  EVi  (reported  by  Such£,  6,  and  that 
above)  are  explained  by  the  fact  that  E1/2  is  shifted  greatly  by 
change  of  pH  of  the  solutions.  Figure  4  shows  a  plot  of  EVt 
versus  pH  for  solutions  having  100  mg.  of  bismuth  per  liter. 
The  value  of  the  diffusion  current  is  not  affected  by  change 
of  pH,  if  pH  <  7,  within  the  limits  of  experimental  error. 
Changes  of  pH  below  7  only  translate  the  wave  along  the  E  axis, 


Figure  1.  For  pH  >  7  the  current  voltage  curves  showed  two 
waves  suggesting  a  stepwise  reduction  of  bismuth  but  no  definite 
mechanism  is  proposed  to  interpret  these  two  waves. 

The  shift  of  Ei/2  to  greater  negative  potentials  as  the  pH  values 
increase  corresponds  to  the  well  known  fact  that  metal- 
tartrate  complex  ions  in  general  are  more  stable  in  alkaline  than 
in  acid  media. 
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A  Modified  Bailey  Pressure  Regulator 

GEORGE  A.  DALIN 
Plax  Corporation,  Hartford,  Conn. 


BAILEY  (l)  recently  described  a  manostat  which,  under 
certain  circumstances,  was  inclined  to  “bounce  ’,  and  ex¬ 
plained  how  the  bouncing  could  be  eliminated  by  grinding  a  bevel 
on  the  tip  of  the  capillary  leak. 

A  duplicate  was  constructed  by  the  author,  but  it  was  found 
that  the  bevel  caused  a  poor  seal  between  the  tip  and  the  rubber 
seat  and  prevented  attaining  a  vacuum  lower  than  about  40  mm. 


in  the  apparatus.  Furthermore,  bouncing  set  in  when  attempt 
was  made  to  set  the  pressure  at  80  mm.  Several  tips  were  con¬ 
structed  with  various  bevels  and  tried  with  rubber  seats  of  vari¬ 
ous  hardnesses.  As  was  to  be  expected,  increasing  the  inside  di¬ 
ameter  of  the  tip  and  the  angle  of  the  bevel  increased  the  average 
pressure  at  which  the  manostat  functioned  smoothly.  Each  tip 
covered  a  range  of  about  30  mm. 


The  modification  showm  in  the  diagram  is,  in  effect  a  variable 
bevel.  The  capillary  is  first  drawn  down  to  a  very  fane  tip  and 
then  ground  down  on  a  steel  plate,  using  coarse  emery  and 
kerosene,  until  the  opening  is  of  such  a  size  that  when  un¬ 
obstructed  and  connected  into  the  apparatus,  the  pump  will  take 
the  pressure  down  to  a  value  which  is  about  20  mm.  higher  than 
the  highest  pressure  required  during  distillation. 

To  adjust  for  operation,  mercury  is  placed  in  the  manostat, 
the  block  is  removed,  the  stopcock  is  opened,  and  the  spring  tension 
is  adjusted  so  that  the  tip  will  come  to  rest  about  1  cm.  below 

the  level  of  the  top  of  the  block.  .  ,  .  ,  ,  ,, 

The  block  is  placed  in  position,  the  pump  is  started,  and  the 
tip  is  pushed  firmly  by  hand  into  the  rubber.  When  the  pressure 
as  indicated  on  a  manometer  reaches  its  lowest  value,  the  hand 
is  removed  and  the  manometer  will  show  the  lowest  pressure 

the  manostat  can  maintain.  ..  , 

The  setscrew  is  raised,  increasing  the  leak  at  the  tip  until  the 
pressure  in  the  system  is  about  10  mm.  less  than  the  pressure 
desired.  The  tip  is  then  lifted  free  of  the  seat  with  one  hand  and 
the  stopcock  is  flipped  over  with  the  other.  This  procedure 
permits  air  to  enter  the  chamber  over  the  mercury,  ana  increases 
the  pressure  for  which  the  manostat  is  set.  The  setting  can  be 
decreased  by  pushing  the  tip  against  the  seat  and  flipping  the 
stopcock. 


With  a  little  practice,  the  manostat  can  thus  be  set  within  2  to  3 
mm.  of  the  desired  pressure.  The  final  adjustment  is  made  with 
the  setscrew  and  an  accuracy  of  0.5  mm.  in  the  setting  is  easily 
attained.  Any  drift  due  to  fatigue  of  the  rubber  or  dirt  particles 
can  be  quickly  neutralized  by  means  of  the  setscrew. 
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Spectrographic  Determination  of  Nickel  and 
Chromium  in  Stainless  Steel 

J.  HORACE  COULLIETTE,  American  Cast  Iron  Pipe  Company,  Birmingham,  Ala. 


Nickel  and  chromium  in  stainless  steel  can  be  de¬ 
termined  by  the  spectrographic  method,  using  the 
interrupted  spark  as  a  source  of  radiation.  The 
method  is  derived  from  the  conventional  “internal 
standard”  procedure,  and  does  not  require  the 
presence  of  a  “standard”  element  in  a  fixed  per¬ 
centage.  Details  of  procedure  for  preparing 
working  curves  and  making  determinations  are 
given.  The  method  is  recommended  for  control 
of  routine  melting  operations.  Its  precision 
compares  satisfactorily  with  ordinary  analytical 
determinations. 

THE  internal  standard  method  of  spectrographic  analysis 
as  commonly  used  is  dependent  upon  the  assumption  that 
the  concentration  of  the  element  used  as  a  standard  does  not 
vary  from  one  sample  to  another.  It  is  frequently  desirable  to 
analyze  materials  consisting  of  three  component  elements  present 
in  various  percentages.  A  typical  material  of  this  type  is  stain¬ 
less  steel  in  which  the  principal  constituents  are  nickel,  chromium, 
and  iron.  Typical  analyses  show  that  elements  present  in 
minor  amounts,  such  as  silicon,  carbon,  manganese,  sulfur,  etc., 
will  constitute  approximately  2  per  cent  of  the  material,  as 
manufactured  under  average  conditions.  Therefore,  the  rela¬ 
tion  of  the  principal  components  of  a  stainless  steel  may  be 
represented  by  the  equation 

%Ni+  %Cr+  %Fe  =  98  (1) 

The  ratio  of  the  concentration  of  nickel  to  the  concentration 
of  chromium  may  be  represented  by  X,  and  the  ratio  of  the 
concentration  of  iron  to  the  concentration  of  chromium  may  be 
designated  by  Y.  Then  if  quantities  X  and  Y  can  be  experi¬ 
mentally  determined,  the  concentrations  of  the  elements  can  be 
determined  by  the  solution  of  the  algebraic  equations: 


Ni  + 

Fe 

+  Cr  = 

98 

(1) 

Ni 

-XCr  = 

0 

(2) 

Fe 

—  FCr  = 

0 

(3) 

Cr  = 

98 

1  +  X+Y 

(4) 

Ni  = 

XCr 

(2) 

A  spectrographic  method  for  determining  concentration 
ratios  X  and  F  has  been  developed  and  applied  with  satisfactory 
results  for  the  control  of  the  melting  of  stainless  steel  in  the 
electric  furnace. 

A  series  of  five  samples  of  stainless  steel  was  prepared  by 
melting  in  an  induction  furnace  and  casting  small  rods  in  a  cast- 
iron  mold.  The  rods  were  5  cm.  (2  inches)  long  and  0.6  cm. 
(0.25  inch)  in  diameter.  Casting  in  the  iron  mold  caused  very 
rapid  freezing  of  the  sample,  so  that  segregation  at  the  grain 
boundaries  was  reduced  to  a  minimum.  The  rods  were  ground 
so  that  the  ends  were  conical,  having  an  included  angle  of  140°. 
They  were  aligned  axially  in  electrode  holders  to  form  a  2-mm. 
spark  gap. 

The  excitation  energy  was  supplied  by  a  commercial  type 
(A.  R.  L.,  Dietert)  high-voltage  spark  circuit  including  a  syn¬ 
chronous  interrupter.  The  circuit  was  adjusted  to  contain 
inductance  of  0.04  millihenry  and  capacitance  of  0.007  micro¬ 
farad.  The  power  input  was  2/3  kva.  According  to  the  manu¬ 
facturer,  the  peak  voltage  across  the  condenser  is  35,000  volts. 
The  sample  was  sparked  for  30  seconds  before  beginning  the 
exposure.  The  presparking  time  and  the  sparking  conditions 
must  be  accurately  duplicated  in  order  to  obtain  satisfactory 
reproducibility. 


The  spectrograph  used  was  a  Baird  (1)  3-meter  grating  instru¬ 
ment,  and  the  spectrum  was  photographed  in  the  second  order. 
The  exposure  time  for  Eastman  Spectrum  Analysis  No.  1  film 
was  of  the  order  of  10  seconds.  The  film  processing  was  per¬ 
formed  in  an  accurately  reproducible  manner  (4)  in  solutions 
held  at  a  thermostatically  controlled  temperature  of  70°  F. 

The  series  of  five  samples  of  stainless  steel  was  carefully 
analyzed  by  chemical  methods  (Table  I).  The  spectra  of  these 
five  samples  were  studied  and  three  lines  were  chosen  for  measure¬ 
ment.  The  lines  used  for  the  measurements  described  in  this 
paper  are  listed  in  Table  II  with  the  data  given  in  the  M.  I.  T. 
Wavelength  Tables  (2).  Later  work  has  shown  that  these  lines 
are  subject  to  interference  when  copper,  molybdenum,  or 
titanium  is  present;  hence  a  more  suitable  group  of  lines  is  Ni 
3087.077,  Cr  3169.192,  and  Fe  3259.048. 

Since  the  densitometer  used  in  this  laboratory  indicates  per¬ 
centage  transmission,  it  is  convenient  to  prepare  calibration 
curves  in  terms  of  this  quantity. 


Table  I.  Chemical  Analysis  of  Standard  Samples 


Sample  No. 

1 

2 

3 

4 

5 

Nickel,  % 

7.72 

14.1 

17.5 

26.2 

35.7 

Chromium,  % 

20.2 

28.6 

28.5 

17.6 

19.4 

X  =  Ni/Cr 

0.382 

0.493 

0.614 

1.49 

1.84 

Y  =  Fe/Cr 

3.42 

1.90 

1.79 

3.04 

2.06 

Table  II. 

Spectrum  Lines  Selected  for  Measurement 

Intensity 

Wave  Length 

Element 

Arc  Spark 

2997.301 

Fe  II 

60 

3087.077 

Ni  II 

150 

3111,941 

Cr  II 

40 

Figure  1 
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is  determined  by  the  characteristics  of  the 
emulsion  and  the  developing  procedure,  the 
use  of  accurate  time  and  temperature  control 
makes  it  necessary  to  redetermine  this  curve 
only  when  a  different  emulsion  or  a  new 
batch  of  developer  is  put  in  service. 

The  concentration  ratio  vs.  intensity  ratio 
curves  are  determined  by  the  type  of  mate¬ 
rial,  the  sample,  and  the  excitation  proce¬ 
dure.  Hence,  it  should  be  necessary  to  re¬ 
determine  these  curves  only  when  changes 
are  made  in  one  or  more  of  these  factors. 
The  desirability  of  exact  repetition  of  the 
excitation  procedure  with  particular  regard 
to  voltage  stabilization  and  timing  should  be 
emphasized. 

The  routine  of  analysis  consists  of  five 
steps:  (1)  preparation  of  sample,  (2)  ex¬ 
posure  and  processing  of  spectrogram,  (3) 
measuring  per  cent  transmissions  of  three 
spectral  lines,  (4)  reading  concentration  ratios 
X  and  Y  from  the  working  curves,  and  (5) 
slide-rule  computation  of  the  concentrations 
from  Equations  2  and  4. 

In  order  to  study  the  reliability  of  the 
method  in  routine  analysis,  a  number  of 
heats  were  analyzed  by  both  chemical  and 
spectrographic  methods  (Table  III).  The 
agreement  between  chemical  and  spectro¬ 
graphic  values  is  indicated  by  expressing 
the  spectrographic  value  as  a  fraction  of  the 
chemical  value.  The  standard  deviations 
of  the  two  series  of  ratios  are  shown  in 


The  log  T/ log  I  curve  (Figure  2,  A),  for  the  film  emulsion  was 
determined  by  using  a  step  sector,  and  was  plotted  on  a  calculat¬ 
ing  board  as  suggested  by  King  (3).  The  spectra  of  the  five 
samples  were  measured  and  the  intensity  ratios  of  the  lines 
Ni  3087 /Cr  3111  and  Fe  2997/0  3111  for  each  sample  were 
determined  from  the  log  T/ log  I  curve  The  logarithms  of  the 
intensity  ratios  were  plotted  against  the  logarithms  of  concen¬ 
tration  ratios  X  and  Y  (Figure  1). 

The  slopes  (a/6)  of  the  curves  in  Figure  1 .were  determined. 
A  working  curve  for  the  value  of  X  (Figure  2,  C)  was  prepared 
by  plotting  the  data  of  the  log  27 log  f  curve  on  the  same  vertical 
scale  and  an  expanded  horizontal  scale  (scale  C,  Figure  2).  The 
expanded  scale  was  obtained  by  magnifying  scale  A  by  the 
ratio  a/6  determined  from  curve  X  of  Figure  1.  A  modified 
ratio  of  the  intensities  of  the  lines  Ni  3087/Cr  3111  for  a  standard 
sample  was  read  from  this  working  curve  The  Ni/Cr  index 
constant  was  determined  by  dividing  the  Ni/Cr  concentration 
ratio  of  the  standard  sample  by  the  Ni  3087/Cr  3111  modified 
intensity  ratio.  A  working  curve  for  the  value  of  Y  (figure 
2  B)  was  prepared,  and  the  Fe/Cr  index  constant  was  deter¬ 
mined  in  similar  manner.  The  expanded  logarithmic  scales 
(B  and  C,  Figure  2)  can  be  prepared  conveniently  tor  use  on  the 
calculating  board  by  photographic  enlargement. 


The  calculating  board  is  used  for  determining  the  value  of  X 
for  a  given  sample  as  follows: 


1  Set  the  vertical  scale  of  the  calculating  board  so  that  it 
intersects  curve  C  of  Figure  2  at  the  per  cent  transmission  of 

Cl2311Set  the  value  of  the  Ni/Cr  index  constant  on  horizontal 
scale  A  to  coincide  with  the  index  line.. 

3.  Move  the  vertical  scale  so  that  it  intersects  curve  C  at 

the  per  cent  transmission  of  Ni  3087. 

4.  Read  the  value  of  X  on  scale  A  under  the  index  line. 


Y  is  determined  in  the  same  manner,  using  curve  B  of  Figure 
2,  the  transmissions  of  Cr  3111  and  Fe  2997  with  the  Fe/Cr 
index  constant. 

In  order  to  obtain  the  greatest  accuracy  a  complete  set  of 
curves  should  be  prepared  for  each  plate  or  film,  but  this  is  not 
feasible  in  high-speed  routine  work.  Since  the  log  T/ log  I  curve 


Table  IV.  The  per  cent  deviations  in  Table  IV  are  due  to  the 
combined'  errors  of  the  chemical  and  spectrographic  procedures; 
all  were  routine  determinations  in  which  no  special  effort  was 
made  to  attain  high  accuracy. 


Table  III.  Comparison  of  Routine  Chemical  and 
Spectrographic  Determinations 


Heat 

No. 


2170 

2173 

2190 

2193 

2197 

2703 

2725 

2728 

2731 

2740 

2743 

2746 

2750 

2792 

2795 

2797 


Chromium 


Ratio  of 

spectro- 


Spectro¬ 

Chemi¬ 

graphic  to 

graphic 

cal 

chemical 

29.89 

28.70 

1.042 

29.62 

26.48 

1.118 

30.68 

27.97 

1.096 

29.78 

28.56 

1.033 

29.30 

27.78 

1.055 

28.85 

28.97 

0.996 

28.70 

28.12 

1.020 

28.91 

27.99 

1.033 

30.52 

29.18 

0.955 

30.00 

29.46 

1.018 

28.92 

28.23 

1.024 

31.56 

29.17 

1.083 

28.50 

27.21 

1.047 

30.80 

29.31 

1.050 

32.00 

30.82 

1.037 

32.21 

31.67 

1.017 

Nickel 

Spectro- 

Chemi- 

Ratio  of 

spectro¬ 
graphic  to 

graphic 

cal 

chemical 

15.37 

15.42 

0.997 

15.72 

16.20 

0.970 

15.63 

16.08 

0.972 

15.78 

15.87 

0.994 

15.56 

15.72 

0.990 

14.82 

15.17 

0.977 

15.23 

14.38 

1.059 

15.02 

15.80 

0.951 

15.00 

15.80 

0.949 

14.58 

15.09 

0.966 

15.18 

15.01 

1.011 

14.92 

14.66 

1.018 

14.81 

14.50 

1.021 

15.40 

15.16 

1.016 

16.32 

16.28 

1.002 

15.75 

16.50 

0.955 

2800 

2816 

2819 

2821 

2822 

2825 

2827 

2829 

2832 

2835 

2844 

2847 

2851 

2854 

2865 

2868 

2871 

2874 

2884 


29.79 
30.37 
29.59 

31.12 
30.31 

28.74 
30.57 

29.75 

30.80 

28.13 
27.72 
28 . 88 
30.35 
30.77 
30.21 
28.47 
29.75 
30.63 
31.65 


30.14 

29.60 

30.47 

30.23 
28.84 
28.40 
29.12 
28.57 
29.20 
29.72 
27.39 
28.01 
30.14 
29.38 

29.23 
27.90 
28.26 
29.20 
29.51 


0.988 
1.026 
0.972 
1.029 
1.051 
1.012 
1.048 
1.042 
1.054 
0.947 
1.013 
1.031 
1.007 
1 .047 
1.033 
1.019 
1.052 
1.049 
1.072 


16.37 

15.06 

14.26 

16.10 

14.91 

20.69 

20.65 

20.90 

20.95 

19.19 

24.53 

20.07 

20.55 

21.08 

21.05 

24.08 

20.97 

20.97 

21.68 


14.47 
14.38 
15.41 
15.41 

16.44 
20.23 
20.23 
20.90 
20.90 

19.48 
23.50 
20 . 03 
19.96 

20.44 
21 .00 
22.62 
21.00 
21.20 
22.57 


1.131 

1.047 

0.925 

1.045 

0.907 

1.023 

1.021 

1.000 

1.002 

0.985 

1.044 

1.002 

1.030 

1.031 

1.002 

1.065 

0.999 

0.989 

0.961 
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Table  IV.  Standard  Devlations 


Cr 

Ni 

No.  of  samples 

35 

35 

Maximum  %  concentration 

32.21 

24.53 

Minimum  %  concentration 

27.72 

14.26 

Spectrographic/chemical  ratio 
Maximum 

1.118 

1.131 

Minimum 

0.947 

0.907 

Average 

1.032 

1 .002 

Standard  deviation 

0.034 

0.042 

%  deviation 

3.3 

4.2 

Table  V.  Precision  and  Reproducibility  Test  on  a  Single 

Sample 

Per  Cent  Transmission 


Cr  3169 

Ni 3087 

Fe  3259 

X 

Y 

% 

Cr 

% 

Ni 

14 

.6 

19 

.6 

49 

.2 

1 

.835 

0.624 

28. 

35 

17. 

.68 

15. 

.  5 

22 

.1 

51. 

.3 

1 

.770 

0.631 

28. 

80 

18 

.17 

12 

.4 

17 

.2 

44 

.5 

1 

.796 

0.605 

28. 

.80 

17 

.42 

13 

.9 

19 

.2 

48 

.0 

1 

.790 

0.616 

28. 

75 

17 

.70 

15 

.4 

22 

.  1 

52. 

.7 

1 

.760 

0.612 

29. 

05 

17 

.78 

16 

.4 

22 

.6 

53 

.6 

1 

.790 

0.635 

28. 

.59 

18 

.16 

15 

.0 

21 

.0 

51 

.3 

1 

.793 

0.616 

28. 

.75 

17 

.70 

14 

.0 

19 

.8 

50 

.0 

1 

.778 

0.602 

28. 

.99 

17 

.45 

17 

.8 

24 

.4 

57 

.7 

1 

.813 

0.621 

28. 

.52 

17 

.72 

17. 

.4 

23 

.6 

56 

.0 

1 

.835 

0.629 

28. 

.38 

17 

.83 

a 

Cr  = 

0.223 

%  deviation  = 

0.77 

a 

Ni  = 

0.237 

%  deviation  = 

1.33 

Conclusions 

The  precision  of  the  method  is  sufficient  for  the  control  of 
melting  operations  of  stainless  steel.  The  primary  advantage 


claimed  for  the  method  is  speed.  Analyses  have  been  made  in 
this  laboratory  with  total  time  of  9  minutes  elapsed  between 
taking  the  sample  at  the  furnace  and  reporting  the  results. 

A  test  of  the  reproducibility  of  results  and  the  precision  attain¬ 
able  was  made  by  making  a  stepped-sector  exposure,  a  series  of 
exposures  for  standard  samples,  and  ten  exposures  for  a  single 
sample  on  the  same  plate.  The  complete  series  of  curves  and 
constants  were  determined  from  this  plate.  The  data  for  the 
ten  determinations  on  the  single  sample  are  shown  in  Table  V. 

The  per  cent  deviation  for  a  series  of  seven  determinations  by 
chemical  methods  on  the  same  sample  used  for  the  determina¬ 
tions  listed  in  Table  V  was  1.71  per  cent  for  chromium  and 
0.89  per  cent  for  nickel.  Obviously  the  spectrographic  method 
compares  favorably  with  the  chemical  method  when  the  necessary 
care  is  taken  in  making  a  series  of  determinations. 
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A  Fused  Salt  Technique  in  Spectrochemical 

Analysis 

N.  H.  NACHTRIEB1,  D.  H.  JOHNSON,  AND  K.  S.  DRESS 
Pittsburgh  Plate  Glass  Co.,  Barberton,  Ohio 


FREQUENTLY  the  chemical  spectroscopist  is  called  upon  to 
analyze  powdered  substances  for  minor  constituents.  Broadly 
speaking,  analyses  of  material  in  the  solid  state  present  more 
difficulties  than  determinations  of  constituents  in  solution.  Sub¬ 
stances  which  are  soluble  in  water,  acids,  or  other  common  sol¬ 
vents  entail  few  problems;  in  such  cases  it  is  usually  feasible  to 
evaporate  a  drop  of  a  solution  of  the  material,  containing  an  added 
internal  standard  when  necessary,  on  the  surfaces  of  smooth¬ 
faced  graphite  electrodes  and  to  excite  the  residue  in  a  high-voltage 
alternating  current  arc  (2). 

Substances  which  do  not  dissolve  in  the  common  solvents  are 
generally  treated  according  to  the  time-honored  practice  of 
vaporizing  and  exciting  them  from  the  cored  anode  of  a  direct 
current  arc.  As  is  well  known,  analyses  carried  out  by  means  of 
the  direct  current  arc  often  fall  short  of  the  accuracy  which  is  pos¬ 
sible  in  spectrochemical  analysis.  Not  all  of  the  blame  can  be 
laid  to  the  intrinsic  properties  of  the  direct  current  arc,  however. 
A  common  source  of  error,  both  in  the  preparation  of  standard 
powder  samples  and  in  the  analysis  of  unknown  samples,  is  lack 
of  homogeneity.  It  is  an  exceedingly  arduous  task  to  disperse 
small  amounts  of  added  material  uniformly  throughout  a  matrix 
in  the  preparation  of  standard  powders. 

Confronted  with  this  problem  in  the  analysis  of  titanium 
dioxide,  the  authors  have  developed  a  method  in  which  samples 
are  fused  with  potassium  bisulfate,  and  graphite  electrodes  are 

1  Present  address,  University  of  Chicago  Metallurgical  Laboratory, 
Chicago,  Ill. 
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Figure  1.  Working  Curve  for  Vanadium  in 
Titanium  Dioxide 
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Table  I.  Typical  Results  of  Titanium  Dioxide  Analysis 


Added 

% 

1.00 


Antimony 

Found 

% 


Chromium 
Added 


1.00 

0.67 

1.10 

0.95 

0.92 

Av.  0.93 

0.57 

0.48 

0.49 

0.55 

0.61 

Av.  0.54 

0.22 

0.28 

0.26 

0.29 

0.35 

Av  0.28 

0.15 
0.15 
0.13 
0.05 
0.14 

Av.  0.12 


Av.  error 

(5  detns.)  7.8 


0.50 


0.25 


0. 12s 


% 

0.100 


0.050 


0.025 


0.013 


Found 

% 

0.112 

0.073 

0.101 

0.111 

0.096 

0.099 

0.056 
0.045 
0.051 
0 . 045 
0.059 

0.051 

0.024 

0.025 

0.026 

0.025 

0.030 

0.026 

0.014 

0.012 

0.013 

0.008 

0.008 

0.011 


4.8 


Added 

% 

0.200 


Vanadium 

Found 

% 


0. 100 


0.050 


0.025 


0.192 

0.171 

0.120 

0.150 

0.170 

0.161 

0.106 

0.097 

0.089 

0.091 

0.092 

0.095 

0.050 

0.043 

0.057 

0.040 

0.042 

0.046 

0.025 

0.024 

0.034 

0.022 

0.029 

0.027 


10.1 


Added 

% 

0.100 


0.050 


0.025 


0.0125 


Iron 


Found 

% 

0.090 

0.114 

0.109 

0.111 

0.106 

0.106 

0.056 
0.046 
0.054 
0.050 
0 . 055 

0.052 

0.049 

0.022 

0.033 

0.019 

0.037 

0.032 

0.016 

0.013 

0.009 

0.012 

0.009 

0.012 


50.0  grams  of  potassium  bisulfate  and  2.50  grams  of 
titanium  dioxide.  In  similar  fashion,  succeeding  stand¬ 
ard  melts  and  electrodes  were  prepared,  each  contain¬ 
ing  one  half  the  impurity  content  of  the  former. 

Spectra  were  recorded  by  a  large  quartz  Bausch  & 
Lomb  Littrow  spectrograph  set  for  the  region  2500  to 
3400  A.  The  electrodes,  held  in  water-cooled  nickel 
electrode  holders,  were  accurately  adjusted  to  a 
separation  of  1.0  mm.  and  arced  at  4.5  amperes  (2200- 
volt  alternating  current  arc).  The  exposure  time  was 
1  minute  (no  pre-arc),  with  a  spectrograph  slit  of  30 
microns.  Eastman  Spectrum  Analysis  No.  1  plates, 
calibrated  by  means  of  an  iron  arc  and  a  rotating 
stepped  sector,  were  developed  for  2  minutes  at 
18°  C.  in  D-72. 

Treatment  of  Data 


coated  by  dipping  them  in  the  molten  solution.  In  addition  to 
providing  a  simple  means  of  preparing  homogeneous  standards, 
the  procedure  eliminates  the  undesirable  sputtering  character¬ 
istics  of  the  titanium  dioxide  arc. 

Preparation  of  Standard  Samples 

Exactly  100.0  grams  of  spectroscopically  pure  potassium  bi¬ 
sulfate  and  5.00  grams  of  pure  titanium  dioxide  were  fused  to¬ 
gether  in  a  115-mm.  porcelain  dish  over  a  Meker  burner.  To  the 
melt  were  added  0.0600  gram  of  antimony  trioxide,  0.0352  gram 
of  ferrous  ammonium  sulfate,  0.0240  gram  of  vanadous  chloride, 
and  0.0141  gram  of  potassium  dichromate.  The  resulting  clear 
melt  contained  1.00  per  cent  antimony,  0.20  per  cent  vanadium, 
0.10  per  cent  iron,  and  0.10  per 
cent  chromium  (all  based  on 
titanium  dioxide).  After  the 
melt  had  been  thoroughly 
stirred,  smooth-faced  graphite 
electrodes  were  dipped  therein. 

The  ends  of  the  electrodes  were 
barely  touched  to  the  surface  of 
the  melt.  A  smooth  thin  coat 
of  salt  was  assured  by  preheat¬ 
ing  the  electrodes  before  immer¬ 
sion  of  their  tips,  and  by  shak¬ 
ing  off  the  excess  salt  imme¬ 
diately  after  their  removal  from 
the  melt.  A  thin  vitreous  coat¬ 
ing  was  found  to  lead  to  better 
reproducibility,  since  electrode 
separations  could  be  more  ac¬ 
curately  controlled. 

When  the  remaining  melt  had 
solidified,  it  was  crushed  and 
weighed.  One  half  of  the 
crushed  salt  was  re-fused  with 


The  line  pairs  chosen  for  the  construction  of  work¬ 
ing  curves  were:  Sb  2598,/Ti  2590.3  A.,  V  3183. 4/Ti 
3179.3  A.,  Fe  3020.6/Ti  3002.7  A.,  and  Cr  3021.6/Ti 
3002.7  A.  It  was  found  desirable,  in  the  interests  of 
precision,  to  apply  background  corrections  to  all  lines 
except  Sb  2598  A.  and  Ti  2590.3  A.,  which  lie  in  a 
region  of  low  background.  The  background  correc- 
10.5  tion,  discussed  by  Pierce  and  Nachtrieb  (3),  consists 

_____  in  converting  fine  and  background  transmissions  (or 

densities)  into  relative  intensities,  and  subtracting 
the  background  intensities  from  the  hne  plus 
background  intensities  for  both  analysis  and  internal  stand¬ 
ard  fines.  The  logarithms  of  the  background-corrected  fine 
intensity  ratios  (analysis  fine  -4-  internal  standard  fine)  are  then 
found  to  be  a  linear  function  of  the  logarithms  of  the  con¬ 
centrations  down  to  rather  low  concentration  limits.  The  fact 
that  the  working  curves  depart  from  linearity  at  low  concentra¬ 
tions  indicates  that  the  titanium  dioxide  was  not  pure.  The  resid¬ 
ual  concentrations  of  impurities  in  the  titanium  dioxide  could  be 
determined  by  a  method  of  successive  approximations  ( 2 )  or  by 
construction  of  intensity-concentration  graphs  ( 1 ,  3). 

Figure  1  shows  the  effect  of  background  correction  on  the 
vanadium  working  curve;  the  increased  sensitivity  (slope)  oc¬ 
casioned  by  the  correction  is  typical.  Moreover,  it  is  noteworthy 


Figure  2.  Working  Curves 
for  Iron,  Chromium,  and  Anti¬ 
mony  in  Titanium  Dioxide 
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value  of  unity.  Figure  2  shows  the 
working  curves  obtained  for  antimony, 
iron,  and  chromium.  Figure  3  shows  the 
final  working  curves,  obtained  from  the 
curves  of  Figure  2  by  correction  for  the 
residual  impurities  in  the  titanium  di¬ 
oxide. 

Table  I  lists  the  results  of  four  analy¬ 
ses  in  quintuplicate  for  each  of  the  ele¬ 
ments,  together  with  the  average  devia¬ 
tion  from  the  true  values.  The  time  re¬ 
quired  for  the  eighty  determinations 
was  about  5  hours. 

Table  II  gives  a  comparison  of  results 
for  iron  in  sixteen  samples  of  titanium 
dioxide  by  chemical  analysis  and  by 
the  spectrochemical  procedure  described 
in  this  paper. 

Summary 


Figure  3. 


PERCENT 

Working  Curves  Corrected  for  Residual  Impurities 


Table  II.  Comparison  of  Spectrochemical  and  Chemical 
Analyses  of  Iron  in  Titanium  Dioxide 

Iron  Found 


No. 

Spectrochemical 

Chemical1 

% 

% 

1 

0.003 

0.003 

2 

0.006 

0.006 

3 

0.016 

0.016 

4 

0.027 

0.033 

5 

0.029 

0.029 

6 

0.002 

0.003 

7 

0.006 

0.007 

8 

0.005 

0.005 

9 

0.002 

0.004 

10 

0.003 

0.003 

11 

0.005 

0.004 

12 

0.004 

0.004 

13 

0.009 

0.011 

14 

0.004 

0.006 

15 

0.009 

0.012 

16 

0.006 

0.006 

®  Colorimetric  thiocyanate  method. 


That  the  slope  of  the  background-corrected  vanadium  working 
curve  is  1.063,  in  good  agreement  with  the  theoretically  predicted 


A  technique  has  been  described  for 
the  analysis  of  powders  which  may  be 
dissolved  in  molten  potassium  acid 
sulfate.  The  method  has  been  applied 
to  the  determination  of  antimony, 
vanadium,  chromium,  and  iron  in 
titanium  dioxide,  analysis  conditions  and  working  curves  for 
which  are  presented.  The  advantages  derived  from  the  appli¬ 
cation  of  background  corrections  are  illustrated  by  working 
curves  for  a  vanadium  line. 

The  fused  salt  technique  of  preparing  samples  and  standards 
may  be  extended  to  many  other  substances  which  are  difficult 
to  dissolve  in  the  common  solvents  or  to  arc  as  such.  The  selec¬ 
tion  of  a  flux  in  a  particular  case  will  be  determined  largely  by 
solubility  considerations  and  by  its  suitability  as  a  spectroscopic 
buffer. 
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Identification  of  Rust  on  Iron  and  Steel 


Sir:  In  a  recent  article  [Ind.  Eng.  Chem.,  Anal.  Ed.,  15,  464 
(1943)]  I  described  a  sensitive  test  for  iron  rust  which  involved 
the  use  of  gelatin-coated  paper.  Processed,  single-weight, 
glossy  photographic  paper  was  recommended  for  the  test.  It 
has  been  called  to  my  attention  that  two  nonsensitized  gelatin 
papers,  Eastman  Kodak  Imbibition  Paper  and  Defender  Backing 
S,  are  available  and  my  reasons  for  not  using  such  papers  were 
questioned. 

The  two  nonsensitized  papers  mentioned  are  available  in  double¬ 
weight  stock  only.  I  tried  double-weight  papers  in  the  original 
tests  and  found  that  they  did  not  adhere  well  to  the  surface  being 


tested  unless  constant  pressure  was  applied.  The  single-weight  , 
paper  described  in  the  article  adhered  perfectly  without  pressure, 
even  when  applied  to  curved  surfaces  of  short  radius. 

I  still  prefer  the  desensitized  single-weight  paper  for  the  reason 
given.  In  all  other  respects  the  double-weight  nonsensitized 
papers  are  satisfactory.  I  regret  that  I  neglected  to  mention  this  | 
point  in  the  article. 

Ralph  0.  Clark  ' 

Gulf  Research  &  Development  Co. 

P.  0.  Box  2038 
Pittsburgh  30,  Penna. 


Determination  of  Permeability  of  Agricultural 
Spray  Coatings  to  Water  Vapor 

C.  L.  COMAR1  AND  E.  J.  MILLER,  Michigan  Agricultural  Experiment  Station,  East  Lansing,  Mich. 


A  simple  empirical  method  capable  of  yielding 
reproducible  permeability  measurements  on  films 
formed  from  wax  and  oil-spray  emulsions  of  the  oil- 
in-water  type  is  described.  The  experimental 
conditions  are  easily  duplicated.  For  the  type  of 
film  studied  a  linear  relationship  exists  between 
moisture  impedance  and  film  thickness.  Advan¬ 
tages  in  the  use  of  paraffin  wax  are  demonstrated 
and  the  role  of  bentonite  in  the  emulsion  is  indi¬ 
cated. 


IN  THE  course  of  studies  on  the  development  and  use  of 
emulsions  for  spraying  plant  materials  to  retard  desiccation, 
it  became  necessary  to  determine  the  efficiency  of  films  formed 
from  such  spray  materials  in  reducing  the  passage  of  water 
vapor.  Information  on  the  interrelationships  of  film  perme¬ 
ability,  film  thickness,  and  the  chemical  composition  of  the 
emulsion  is  indispensable  for  the  formulation  of  spray  materials 
having  desirable  physical  characteristics.  Methods  described 
in  the  literature  were  not  directly  applicable  to  the  type  of 
material  under  consideration  here  from  the  point  of  view  of 
preparation  of  the  test  film,  precision  of  the  measurements,  and 
reproducibility  of  experimental  conditions.  It  was  therefore 
necessary  to  develop  a  more  satisfactory  procedure. 

Examination  of  the  literature  (3),  as  well  as  laboratory  ex¬ 
perience,  has  indicated  the  many  difficulties  encountered  in 
obtaining  reproducible  values  from  what  appears  to  be  a  simple 
physical  measurement.  Uncertainties  may  be  due  to  irregular- 
iities  in  the  test  film  or  to  lack  of  consideration  of  the  factors  in¬ 
volved  in  the  permeability  measurement.  In  the  method  herein 
presented  these  difficulties  have  for  the  most  part  been  eliminated 
by  an  exacting  uniformity  in  procedure.  The  method  is  a  simple 
one,  and  although  designed  for  a  specific  kind  of  surface  covering, 
it  should  be  generally  applicable  to  measurements  on  various 
types  of  coatings,  perhaps  with  slight  modification  of  detail  in 
some  cases.  The  apparatus  required  is  readily  available  to  most 
laboratories  and  if  all  precautions  in  technique  are  observed 
there  should  be  no  difficulty  in  obtaining  reliable  comparative 
measurements. 

The  passage  of  water  vapor  through  a  film  has  been  con¬ 
sidered  as  an  ordinary  diffusion  process,  in  which  case  the  fol¬ 
lowing  relation  obtains: 


M  =  kAt 


(Pi  ~  P 2) 

l 


(1) 


where  M  =  mass  of  water  vapor  that  passes  through  the  film 


A  =  area  of  film  surface 
t  =  time 

Pi  —  P2  =  water  vapor  pressure  differential  across  the  film 
l  =  film  thickness 
k  =  constant  for  the  film  material 


In  actual  practice,  however,  Equation  1  is  too  simple  to 
express  the  relationship  between  the  variables.  This  matter 
has  been  recognized  and  discussed  by  many  workers  (1 ,  2,  4,  8,  9). 
Since  the  interest  here  was  primarily  in  obtaining  reliable  com¬ 
parisons  between  the  permeabilities  of  various  samples,  no 
attempt  was  made  to  establish  the  validity  of  Equation  1  with 

1  Present  address,  University  of  Florida,  Gainesville,  Fla. 


respect  to  all  the  variables;  rather,  emphasis  has  been  placed 
upon  a  study  of  the  precision  of  permeability  measurements  as  a 
function  of  experimental  technique  with  a  view  towards  arbitrary 
standardization  of  conditions.  It  was  desirable  that  the  ex¬ 
perimental  conditions  be  easily  maintained  and  readily  capable 
of  duplication,  and  that  factors  which  might  cause  uncertainties 
in  the  results  be  controlled.  Such  considerations  led  to  a  satis¬ 
factory  procedure. 


Experimental 

Permeability  Measurement.  A  critical  survey  of  pro¬ 
cedures  used  for  this  type  of  measurement  up  to  1937  has  been 
published  by  Carson  (3)  and  the  more  recent  experimental 
methods  have  been  reviewed  by  Lishmund  and  Siddle  ( 9 ).  In 
the  method  reported  here  the  material  to  be  tested  is  fastened  over 
the  mouth  of  a  cup  containing  water  and  the  loss  of  moisture 
through  the  sample  to  a  drier  atmosphere  is  determined  by 
weighing. 

The  Payne  permeability  cup  (10),  which  is  available  commer¬ 
cially,  was  used  for  the  measurements.  It  was  found  convenient, 
however,  to  replace  the  usual  clamps  with  steel  ones,  since  under 
constant  usage  the  threads  on  the  originals  were  easily  stripped. 
Desiccators  of  the  type  shown  in  Figure  1,  with  an  inside  diameter 
of  250  mm.,  were  used.  The  cups  are  supported  within  the 
desiccator  by  a  1.9-cm.  (0.75-inch)  plywood  board  which  accommo¬ 
dates  four  cups  and  has  a  receptacle  for  desiccant  in  the  center  (see 
Figure  1).  The  cup  support  has  an  outside  diameter  of  233  mm. ; 
the  diameter  of  the  center  receptacle,  which  is  made  of  metal,  is 
100  mm.,  and  it  is  7  to  8  mm.  deep.  The  holes  for  the  cups  are  40 
mm.  in  diameter  and  are  symmetrically  placed,  the  center  of  each 
hole  being  25  mm.  from  the  outside  edge.  The  relation  between 
cup  position  and  the  surface  of  the  desiccant  is  then  essentially 
the  same  for  each  determination. 


Figure  1.  Permeability  Apparatus 
Cup  support  containing  desiccant,  permeability  cup,  and  loaded  desiccator 


Dowflake  (a  technical  grade  of  calcium  chloride  obtainable 
from  the  Dow  Chemical  Company)  was  found  satisfactory  as  the 
desiccating  agent.  It  is  necessary  to  use  fresh  desiccant  in  the 
center  of  the  cup  support  for  each  run  and  it  is  recommended  that 
the  Dowflake  for  this  purpose  be  stored  in  small  completely  filled 
and  tightly  closed  bottles,  each  containing  enough  desiccant  for 
the  center  compartment  (about  57  grams).  The  Dowflake 
in  the  lower  part  of  the  desiccator  is  changed  about  once  a 
week;  this  desiccant  is  contained  in  a  metal  receptacle  for  con¬ 
venience  and  cannot  be  seen  in  the  illustration.  The  desiccators 
themselves  are  kept  in  an  air  thermostat,  at  25  ±  0.4  C.  T  h e 
thermostat  is  near  the  balance  and  is  constructed  so  that  the 
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desiccators  need  not  be  removed  from  it  for  the  placing  or  re¬ 
moval  of  the  cups. 

Preliminary  trials  indicated  that  reproducible  results  could  be 
obtained  only  if  experimental  conditions  were  constant.  For 
this  reason  the  following  schedule  was  strictly  maintained.  Un¬ 
less  otherwise  noted  all  measurements  were  made  on  the  basis  of  a 
time  period  of  150  minutes;  for  the  type  of  material  studied  no 
significant  error  was  introduced  by  lack  of  attainment  of  the 
steady  state  of  moisture  interchange. 


Figure  2.  Permeability  of  Glass  Cloth  and 
Bond  Paper 


Before  the  determination  is  started,  distilled  water,  the  small 
bottles  of  desiccant,  and  the  cups  are  brought  to  25°  C.  For 
each  run,  four  samples  of  the  film  are  used,  three  for  the  actual 
measurements  and  one  for  the  counterpoise.  A  5-ml.  sample  of 
distilled  water  is  pipetted  into  each  of  three  cups.  Since  all  cups 
are  of  equal  dimensions,  the  distance  between  the  water  surface 
and  the  film  support  is  always  the  same.  A  film  disk,  with  the 
coated  side  towards  the  dry  atmosphere,  is  placed  between  the 
flanges  of  each  of  the  four  cups  and  the  flanges  are  then  clamped 
together  tightly.  The  cup  containing  no  water  is  used  as  the 
counterpoise.  Fresh  Dowflake  is  then  placed  in  the  center  re¬ 
ceptacle  of  the  cup  support  inside  the  desiccator. 

Starting  at  0  minutes  the  first  cup  is  weighed,  at  1  minute  the 
second  and  at  2  minutes  the  third ;  at  4  minutes  the  four  cups  are 
placed  in  the  desiccator  and  the  cover  is  replaced.  At  154  min¬ 
utes  the  cups  are  removed  from  the  desiccator;  at  156  minutes 
the  first  cup  is  weighed  again  and  the  others  at  157  and  158  min¬ 
utes,  respectively.  The  cups,  then,  have  been  exposed  to  the  dry 
atmosphere  for  150  minutes  and  to  the  air  for  6  minutes;  the  only 
difference  in  cup  treatment  is  that  the  first  is  in  the  air  4  minutes 
before  being  in  the  desiccator  and  2  minutes  afterward,  the  second 
cup  3  before  and  3  afterward,  and  the  third  cup  2  before  and  4 
afterward.  With  very  impermeable  materials  it  may  be  neces¬ 
sary  to  use  a  longer  time  period ;  in  this  case  the  exact  timing  be¬ 
comes  of  less  importance.  The  desiccator  should  not  be  opened 
during  the  run. 

In  all  cases  determinations  were  made  in  triplicate  and  the 
values  usually  agreed  within  ±3  per  cent.  It  was  necessary  to 
use  a  counterpoise  identical  with  the  loaded  cups  except  for  the 
water,  to  eliminate  any  extraneous  changes  in  weight.  Experi¬ 
ment  showed  that  the  leakage  between  the  sample  and  the  rim  of 
the  cell  or  through  the  cut  edges  of  the  film  support  was  so  small 
as  to  be  within  the  limits  of  experimental  error  for  the  type  of 
material  studied  and  no  correction  was  applied.  When  measure¬ 
ments  are  made  on  relatively  impermeable  materials  it  may  be 
necessary  to  use  gaskets  or  other  means  of  reducing  rim  and  edge 
leakage. 

Preparation  of  Films.  Satisfactory  free  films  could  not  be 
prepared  and  a  supporting  material  had  to  be  employed.  Glass 
cloth  ( 10 )  and  various  types  of  paper  were  tried;  the  most  con¬ 
sistent  results  were  obtained  with  bond  paper  (Howard  Bond, 
white,  Sub.  24)  and  this  was  used  for  the  work  reported  here. 
The  water-marked  parts  of  the  sheet  were  not  used. 

The  doctor  blade  technique  could  not  be  used  because  of  the 
buckling  of  the  film  support  caused  by  water  absorption  from  the 
emulsion,  and  spraying  or  dipping  yielded  irregular  films.  Satis¬ 
factory  films  were  prepared  by  the  spinning  method  suggested  by 
Gardner  and  Sward  (7)  and  Gardner  (6).  The  apparatus  con¬ 
sisted  essentially  of  a  7.5-cm.  circular  spinning  table  powered  by  a 
0.125-horsepower  motor.  The  speed  could  be  varied  by  means  of 
pulleys  in  steps  from  430  to  3480  r.  p.  m.  The  film  support  was 
secured  to  the  spinning  table,  covered  with  the  solution  from 


which  the  film  was  to  be  formed,  and  then  spun  for  30  seconds. 
Experiment  indicated  that  the  film  thickness  did  not  vary  with 
the  time  of  spinning  between  10  and  500  seconds.  The  film  was 
allowed  to  dry  in  air  before  measurements  were  made  or  before  a 
second  coat  was  applied. 

The  thickness  of  the  film  support  was  measured  with  a  microm¬ 
eter  before  spinning,  and  after  the  film  had  dried  another 
measurement  was  made ;  the  film  thickness  was  then  obtained  by 
difference  with  an  estimated  accuracy  of  ±3  microns.  The 
thickness  value  for  each  film  was  the  average  of  three  measure¬ 
ments  halfway  between  the  center  and  the  outer  edge  of  the  test 
disk.  All  reported  results  represent  the  average  of  values  ob¬ 
tained  from  3  disks.  In  the  case  of  viscous  solutions  the  films 
were  thicker  at  the  center,  but  this  was  usually  not  significant. 
The  film  weight  was  determined  by  difference  from  the  weight  of 
the  supporting  disk  and  the  weight  of  the  disk  plus  the  dried  film; 
the  values  represent  the  weight  of  film  covering  the  total  area  of 
the  test  disk  (24  sq.  cm.). 


Table  I.  Variation  of  Moisture  Impedance,  Film 
Thickness,  and  Film  Weight  with  Speed  of  Spinning 


(Oil  emulsion) 


Speed 

Moisture 

Impedance 

Film  Thickness 

Film  Weight 

R.  p.  m. 

Hr.  sq.  cm./ mg. 

Microns 

Mg. 

2270 

0.43 

49 

119 

1760 

0.49 

62 

158 

1390 

0.55 

82 

207 

1070 

0.59 

94 

228 

880 

0.70 

120 

295 

Experimental  Results 

The  Payne  permeability  cup  is  designed  to  present  an  area 
of  10  sq.  cm.  for  the  passage  of  the  water  vapor.  Although  it 
has  not  been  shown  that  the  permeability  is  linearly  proportional 
to  the  area,  the  results  in  this  paper  have  been  calculated  on  the 
basis  of  1  sq.  cm.  for  convenience  in  expression;  since  all  data 
were  obtained  under  the  same  conditions,  no  error  in  comparative 
results  should  be  introduced  by  this  procedure.  Likewise 
the  results  have  been  calculated  on  the  basis  of  water  loss  per 
hour,  although  unless  otherwise  noted  the  actual  time  period 
for  the  measurement  was  150  minutes.  The  permeability  is 
expressed  therefore  as  milligrams  of  water  vapor  permeating 
through  1  sq.  cm.  area  of  film  and  supporting  material  in  1  hour 
under  the  specified  experimental  conditions.  Where  the  results 
have  been  expressed  as  the  reciprocal  of  the  permeability,  or  the 
moisture  impedance,  the  units  are  hour  square  centimeters  per 
milligram.  The  reciprocal  relation  between  moisture  impedance 
and  moisture  permeability  is  analogous  to  that  between  electrical 
resistance  and  electrical  conductivity.  In  any  system,  then,  the 
impedance  values  should  be  additive  while  the  permeabilities 


Figure  3.  Moisture  Impedance  vs.  Film 
Thickness  and  Film  Weight 
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Table  II. 


Oil 

% 

9 

16 

31 

47 


Oil  Content  and  Moisture  Impedance 

(Oil  emulsions) 

Moisture  Impedance 
Hr.  sq.  cm. /mg. 

0.23 

0.23 

0.75 

3.47 


Table  III.  Effect  of  Wax  on  Moisture  Impedance,  Film 
Thickness,  and  Film  Weight 


(Oil  emulsions) 


Film 

Film 

Oil  and  Wax 

Impedence 

Hr.  sq.  cm./ mg. 

Thickness 

Microns 

Weight 

Mg. 

21.6%  oil 
t  No  wax 

0.26 

10 

26 

20.9%  oil 
0.7%  wax 

1.04 

16 

36 

20.2%  oil 

1.4%  wax 

1.13 

20 

44 

16.5%  oil 
5.1%  wax 

1.25 

20 

38 

Moisture 
Impedance 
per  Unit  Film 
Thickness 


0.026 

0.065 

0.057 

0.063 


are  not,  just  as  in  an  electrical  circuit  the  resistances  are  additive 
but  the  conductances  are  not.  This  has  been  discussed  by 
Edwards  (5). 

Figure  2  presents  the  rate  of  loss  of  water  vapor  from  the  open 
cup  as  compared  with  that  through  glass  cloth  and  bond  paper. 
The  ratios  of  the  open  cup  values  to  those  of  the  glass  cloth  agree 
closely  with  the  numerical  values  of  Payne  (10).  The  permeabil¬ 
ity  value  obtained  by  extrapolation  of  the  curves  to  zero  time 
is  probably  due  to  the  water  loss  during  the  6-minute  exposure 
to  the  air.  The  fact  that  the  curve  is  linear  up  to  a  water  vapor 
loss  of  almost  20  mg.  from  the  open  cup  indicates  that  the 
efficiency  of  the  desiccant  has  not  been  decreased  by  the  absorp¬ 
tion  of  that  amount  of  moisture. 

Table  I  presents  the  moisture  impedance,  thickness,  and 
weight  of  a  film  formed  from  an  oil-emulsion  spray  as  a  function 
of  the  speed  of  spinning.  If  these  data  are  plotted  it  is  apparent 
that  the  film  thickness  and  weight  are  essentially  linear  with 
the  moisture  impedance. 

Figure  3  presents  the  moisture  impedance  curves  of  films 
formed  from  an  oil-emulsion  spray.  In  this  case  the  variation 
was  obtained  by  changing  the  dilution  of  the  emulsion  rather 
than  the  speed  of  spinning.  The  linearity  is  in  agreement  with 
the  results  of  other  workers  for  some  types  of  films  under  certain 
conditions  (11,  IS).  Wing  (12)  has  reported  the  impedance  of 
paint  or  enamel  films  to  liquid  water  to  be  a  linear  function  of 
film  thickness.  The  moisture  impedance  obtained  by  extra¬ 
polation  to  zero  thickness  or  weight  agrees  closely  with  the 
value  for  the  film  support  alone.  This  type  of  information  is  im¬ 
portant,  since  after  linearity  between  moisture  impedance  and 
film  thickness  has  been  established  for  a  given  emulsion  it  is 
possible  to  interpolate  the  impedance  at  any  desired  thickness 
for  comparative  purposes. 

Figure  4  presents  the  moisture  impedance-per  cent  solids 
curves  for  the  films  formed  from  three  different  emulsions. 
Here  also  the  impedance  values  approach  that  of  the  support 
material  as  the  lower  limit.  The  relative  efficiency  of  these 
emulsions  in  retarding  the  passage  of  water  vapor  is  odious. 
At  12  per  cent  solids,  wax  emulsion  A  is  about  twice  as  efficient 
as  emulsion  B  and  4  times  as  efficient  as  the  oil  emulsion;  at 
20  per  cent  solids,  the  efficiency  ratios  are  1.7  and  8.5,  respectively. 

Table  II  presents  the  moisture  impedance  of  films  formed 
from  oil-emulsion  sprays  as  a  function  of  the  oil  content.  It 
was  necessary  to  increase  the  oil  content  to  about  30  per  cent  to 


obtain  a  threefold  increase  in  the  impedance  over  the  values 
obtained  when  less  than  16  per  cent  oil  was  used.  Increasing 
the  oil  content  from  31  to  47  per  cent  gave  over  a  fourfold  in¬ 
crease  in  the  impedance,  but  this  range  is  not  of  practical  interest 
because  sprays  containing  such  high  percentages  of  oil  tend  to 
cause  injury  to  the  plants. 

Table  III  shows  the  effect  of  incorporating  small  amounts 
of  paraffin  wax  in  an  oil  emulsion;  it  required  only  0.7  per  cent 
wax  to  increase  the  impedance  fourfold,  a  more  economical 
means  of  obtaining  a  greater  impedance  than  the  use  of  higher 
percentages  of  oil.  There  was  an  increase  in  the  impedance 
per  unit  film  thickness  due  to  the  presence  of  the  wax. 


Figure  4.  Moisture  Impedance  i>s.  Per  Cent 
Solids 


Table  IV  shows  the  effect  of  adding  bentonite  to  an  oil- 
emulsion  spray.  The  bentonite  increases  the  viscosity  of  the 
emulsion,  and  since  the  films  are  prepared  under  standard  con¬ 
ditions,  it  is  evident  that  an  increased  film  thickness  results. 
At  the  higher  bentonite  levels,  however,  the  impedance  per 
unit  film  thickness  was  markedly  decreased.  At  the  lower 
bentonite  levels  the  decreased  impedance  per  unit  thickness 
was  counterbalanced  by  the  increased  thickness,  so  that  there 
was  no  net  change  in  the  impedance  values  in  going  from  0  to  2.1 
per  cent  bentonite.  Above  2.1  per  cent  bentonite  the  film  thick¬ 
ness  became  the  predominating  factor  and  the  over-all  impedance 
values  were  increased. 

The  formulation  of  emulsions  of  given  physical  properties 
has  been  facilitated  by  information  obtained  from  the  above 
type  of  experiment. 


Table  IV.  Effect  of  Bentonite  on  Moisture  Impedance 
and  Film  Thickness 


(Oil  emulsions) 


Moisture 

Film 

Bentonite 

Impedance 

Thickness 

% 

Hr.  aq.  cm. /mg. 

Microns 

0.0 

0.21 

11 

0.5 

0.21 

14 

2.1 

0.22 

19 

4.2 

0.28 

63 

5^2 

0.47 

125 

Moisture 
Impedance 
per  Unit  Film 
Thickness 


0.019 

0.015 

0.012 

0.0045 

0.0038 
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Determination  of  Nicotine  and  Nornicotine 

in  Tobaccos 
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Bureau  of  Entomology  and  Plant  Quarantine,  Beltsville,  Md. 


To  determine  nicotine  and  nornicotine  in  tobacco 
the  total  steam-volatile  alkaloids  are  isolated  by 
steam  distillation  from  a  strongly  alkaline  solution 
containing  sodium  chloride  in  excess.  One  ali¬ 
quant  of  the  distillate  is  treated  with  silicotungstic 
acid  precipitating  nicotine  and  nornicotine,  and 
another  is  treated  with  nitrous  acid,  steam-dis¬ 
tilled  from  an  alkaline  solution,  and  the  nicotine 


A  METHOD  of  analysis  for  nicotine  and  nornicotine  when 
present  together  in  solution  has  been  presented  by  Mark- 
wood  (5).  It  was  developed  for  cases  in  which  the  alkaloids  are 
already  separated  from  interfering  materials,  and  no  procedure  is 
given  for  obtaining  the  alkaloids  from  tobacco  or  tobacco  prod¬ 
ucts.  To  separate  nicotine  and  nornicotine  from  the  plant  mate¬ 
rial,  a  steam  distillation  or  continuous  extraction  with  an  organic 
solvent  such  as  benzene  is  necessary.  In  view  of  the  difficulty 
experienced  in  completely  removing  nornicotine  from  alkaline 
plant  material  by  repeated  extraction  with  benzene,  ether,  or 
gasoline,  the  method  presented  here  resorts  to  a  steam  distilla¬ 
tion,  which  completely  separates  both  the  nicotine  and  nornico¬ 
tine  from  the  sample. 

This  method  is  based  on  the  assumption  that  anabasine  or 
other  steam-volatile  secondary-amine  alkaloids  aside  from  nor¬ 
nicotine  are  absent;  such  alkaloids  have  been  found  only  in  traces 
in  Nicoliana  tabacum.  The  steam-volatile  secondary-amine 
alkaloid  has  been  identified  as  nornicotine  by  methylation  in  most 
of  the  samples  analyzed. 

The  nornicotine  is  determined  as  the  difference  between  the 
total  steam-volatile  alkaloid  and  the  nicotine;  consequently  the 
analysis  takes  place  in  two  parts.  The  first  is  an  application  to 
nornicotine  of  Burkat’s  method  (4)  for  determining  anabasine; 
it  depends  upon  the  complete  steam  distillation  of  nicotine  and 
nornicotine  from  strong  alkali  solutions  saturated  with  sodium 
chloride.  The  second  part,  which  has  been  proved  satisfactory 
by  Markwood  ( 5 ),  involves  treating  the  solution  containing  both 
alkaloids  with  nitrous  acid  and  steam-distilling  from  an  alkaline 
solution,  whereby  the  secondary  amines,  including  nornicotine, 


precipitated  as  a  silicotungstate.  The  nornicotine 
is  determined  by  difference.  Analysis  of  tobaccos 
differing  widely  in  alkaloid  content  shows  the 
rather  common  occurrence  of  nornicotine.  Com¬ 
parison  with  nicotine  determinations  by  the  con¬ 
ventional  methods  shows  the  unreliability  of  the 
heretofore  accepted  method  of  analysis  when  nor¬ 
nicotine  is  present. 


remain  behind  as  nitrosoamines  and  the  nicotine  is  obtained  in 
the  distillate. 

Analysis  of  Standard  Solutions 

The  standard  solution  of  nicotine  used  for  proving  the  method 
was  prepared  from  a  sample  of  nicotine  that  had  been  vacuum- 
distilled,  treated  with  nitrous  acid  to  remove  any  secondary 
amine,  and  then  steam-distilled  from  an  alkaline  aqueous  solu¬ 
tion. 

The  nornicotine  used  in  preparing  the  standard  nornicotine 
solution  was  identical  with  that  used  by  Markwood  ( 5 ),  had  been 
obtained  from  Robinson  Medium  Broadleaf,  a  strain  of  Maryland 
tobacco,  and  formed  a  picrate  melting  at  190-191°  C.  The 
absence  of  nicotine  was  established  by  treating  a  sample  with 
nitrous  acid  and  steam-distilling  the  aqueous  solution  after 
making  it  basic  to  phenolphthalein.  No  alkaloid  was  present  in 


Table  I.  Recovery  of  Nicotine  and  Nornicotine  in 
Mixtures  by  Steam  Distillation  from  Strong 


Alkali 

and  Sodium  Chloride 

Silicotungstate 

Residue3 

Composition  of  Mixture 

Direct 

Pptn.  of 

Nicotine 

Nornicotine 

pptn. 

distillate 

Recovery 

Mg. 

Mg. 

Mg. 

Mg. 

% 

18.2 

2.6 

190.1 

184.86 

97.2 

14.5 

4.5 

172.7 

170.3 

98.6 

10.9 

6.2 

152.2 

155.0 

101.8 

7.7 

7.2 

138.96 

137.1 

98.7 

4.5 

8.2 

118.66 

117.9 

99.4 

Av.  99.1 

a  Average  of  three  determinations  except  where  otherwise  noted. 
b  Average  of  two  determinations. 
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Table  II. 


Analysis  of  Known  Solutions  of  Isicotine- 
Nobnicotine  Mixtures 


-Nicotine- 


Calcd. 

Mg. 

23.50 

16.80 

14.93 

7.83 


Found 

Mg. 

23.47 

16.52 

14.43 

7.71 


Av. 


Recovered 

Calcd. 

—  Nornicotine 
Found 

Recovered 

% 

Mg. 

Mg. 

% 

99.9 

98  3 

2.58 

2 '.  62 

ioi.6 

96  7 

3.65 

3.67 

100.6 

98.5 

7.32 

7.23 

98.8 

10.90 

10.40 

95.4 

98.4 

99.1 

the  distillate.  This  nornicotine  was  steam-distilled  and  the  dis- 
tUlate  S  in  preparing  the  standard  solution  Both  solutions 
were  standardized  by  the  sihcotungstic  acid  method. 

The  reliability  of  the  silicotungstate  precipitation  for  the  de¬ 
termination  of  nornicotine  is  evidenced  by  the  data  presented  in 

Table  I.  ,  . 

The  conventional  method  ( 1 )  for  the  steam  distillation  of  nico¬ 
tine  specifies  the  use  of  a  slight  excess  of  alkali.  When  nornicotine 
is  present,  the  time  for  complete  distillation  of  the  alkaloids  is 
long  and  the  volume  of  distillate  consequently  large,  because  the 
nornicotine  distills  only  slowly  from  a 

solution.  When  the  —  ■ 


opalescence  when  tested  with  silicotungstic  acid  solution.  The 
distillate  is  concentrated  by  boiling  (boiling  stones  added  to  pre¬ 
vent  bumping)  until  the  volume  is  less  than  25  ml.,  and  then 
transferred  to  a  25-ml.  volumetric  flask.  Washings  are  added  to 
the  flask,  and  the  liquid  is  brought  to  the  mark.  A  10-ml.  ali¬ 
quant  is  taken  for  precipitation  of  the  nicotine  and  nornicotine 
with  silicotungstic  acid  solution  (12  per  cent)  according  to  the 
A  O  A  C  procedure  for  nicotine  ( 1 ).  The  silicotungstate  pre¬ 
cipitate 'is  filtered  through  a  tared  Gooch-type  crucible  and  ig¬ 
nited  giving  residue  A.  Another  10-ml.  aliquant  is  made  neutral 
to  phenolphthalein,  and  2  ml.  of  acetic  acid  (30  per  cent)  and 
0.5  gram  of  solid  sodium  nitrite  are  added  (5).  After  standing  at 
room  temperature  for  20  minutes,  this  solution  is  made  slight 
alkaline  with  sodium  hydroxide  and  steam-distilled  into  3  ml. 
of  hydrochloric  acid  from  the  improved  distillation  apparatus 
as  used  above.  The  distillate  contains  the  nicotine,  which  is  pre¬ 
cipitated,  filtered,  and  ignited  as  for  the  first  aliquant,  giving 

residue  B.  . 

The  nicotine  is  calculated  from  residue  B  and  the  nornicotine 
from  the  difference  between  residues  A  and  B.  The  factor  0.104^ 
has  been  assigned  to  the  nornicotine  calculation  This  factor 
was  obtained  as  the  theoretical  value  and  was  substantiated  by 
use  in  the  analysis  of  standard  solutions  of  nornicotine. 

Weight  of  residue  B  X  0.1140  =  .  ..  , 

weight  of  nicotine  present  in  aliquant 

(Weight  of  residue  A  -  weight  of  residue  B)  X  0.1042  = 

'  weight  of  nornicotine  in  aliquant 


Table  III. 


Sample 


Nicotianatabacum 

Robinson’s  Maryland  Medium 
Broadleaf,  Sample  1& 

Cash,  flue-cured  c 
Robinson’s  Maryland  Medium 
Broadleaf,  Sample  2C 
Burley,  Halleyc 
Turkish,  Xanthi,  American 
grown  c 

Maryland-Connecticut  Broad- 

leaf  c 
N.  rustica 
Sample  1 

Sample  2  (Brasilia) 
Commercial  nicotine  sulfate 
Sample  lc 
Sample  2 


weakly  alkaline 

distillation  is  made  from  a  strongly 
alkaline  solution,  the  speed  of  removal 
of  alkaloids  is  greatly  increased,  and 
the  addition  of  sodium  chloride  further 
hastens  the  process.  Avens  and 
Pearce  (2)  report  that  in  their  nicotine 
procedure  excessively  large  amounts  of 
sodium  hydroxide  give  abnormally  high 
results,  but  that  they  are  due  to  some¬ 
thing  besides  nicotine.  This  material  is 
undoubtedly  nornicotine,  which  did  not 
distill  readily  at  the  lower  alkali  concen¬ 
tration.  A  comparison  of  the  weights 
of  the  alkaloid-silicotungstate  ignition 
residues  of  nicotine-nomicotine  mix¬ 
tures  obtained  by  direct  precipitation 
and  by  precipitating  after  steam  dis¬ 
tillation  from  strong  alkali  and  sodium 
chloride  (Table  I)  shows  that  an  average 

recovery  of  99.1  per  cent  may  be  ex-  - 

pected.  The  alkali  should  be  30  per 
cent  by  weight  and  the  sodium  chloride 

in  excess  in  order  to  have  a  saturated  solution  at  all  times  during 
the  distillation.  When  the  fresh  distillate  and  the  residue  from 
some  of  the  samples  were  tested,  the  absence  of  alkaloid  was 
indicated  by  no  precipitation  with  silicotungstic  aci  . 

When  mixtures  of  the  standard  nicotine  and  nornicotine  solu¬ 
tions  were  analyzed,  one  aliquot  was  steam-distilled ^directly  to 
get  ah  the  steam-volatile  alkaloid  in  the  distillate,  while  another 
aliquot  was  treated  with  nitrous  acid  and  then  alkali  before  steam 
distillation.  The  alkaloids  in  the  distillates  were  precipitated  as 
silicotungstates  and  the  precipitates  ignited  The  nornicotine 
was  calculated  from  the  difference  in  weights  of  the  residues.  I  he 
results  shown  in  Table  II  indicate  that  such  a  procedure  is  satis¬ 
factory. 

Analysis  of  Tobacco  for  Nicotine  and  Nornicotine 

A  2  5-gram  sample  of  powdered  tobacco,  a  small  piece  of 
naraffin  10  ml.  of  sodium  hydroxide  (30  per  cent  by  weight),  and 
10  grams  of  sodium  chloride  are  placed  in  the  inner  chaunber  of 
an  improved  steam-distillation  apparatus  (3)  and  steam-di= 
tilled  into  3  ml.  of  dilute  hydrochloric  acid  (1  +  4).  Distillation 
is  continued  until  a  few  drops  of  fresh  distillate  fail  to  give  an 


Steam-Volatile  Alkaloids  in  Analyzed  Samples  of  Tobacco  and 
Commercial  Nicotine  Sulfate 

N,Vntinp  and  Nornico-  Calculated  as  Nicotine 


Nicotine 

% 


0.34 

0.70 


98 

23 


6.59 

2.22 

4.57 

6.71 

34.75 

38.82 


Proposed  Method 
Nornicotine 

Total 

Proposed 

method 

A.  O.  A.  C 
method” 

% 

% 

% 

% 

1.71 

2.05 

2.16 

0.76 

2.40 

3.10 

2  16 

3.14 

3.32 

1.77 

1.41 

2.64 

2.78 

2.14 

1.28 

7.87 

0.49 

2.71 

2.75 

2.78 

0.99 

5.56 

0.66 

7.37 

4  54 

39.29 

39.70 

39.70 

lilO 

39.92 

40.02 

39.75 

*  *  methylation. 


The  results  of  analyses  of  several  samples  of  tobacco  (A  ico- 
tiana  tabacum),  N.  rustica,  and  commercial  nicotine  sulfate  by 
this  method  are  given  in  Table  III.  For  some  of  the  samples  the 
table  gives  the  total  steam-volatile  alkaloid  calculated  as  nicotine 
both  by  the  proposed  method  and  by  the  A.  O.  A.  C.  method. 
Upon  calculation  of  the  alkaloids  as  nicotine  and  nornicotine, 
an  unexpectedly  widespread  occurrence  of  nornicotine  is  indi¬ 
cated  It  is  also  evident  that  when  nornicotine  is  present  the 
accepted  method  of  analysis  cannot  be  depended  upon  to  give 

reliable  results.  , 

Although  the  improved  steam-distillation  apparatus  was  used 
in  the  proposed  procedure,  the  conventional  steam-distillation 
apparatus  may  be  substituted  with  a  resulting  increase  in  time 
required  for  distillation. 
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Sensitive  Indicator  for  Volumetric  Determination 

of  Boiler  Feedwater  Alkalinity 

HARRY  FLEISHER,  Federal  Works  Agency,  Public  Buildings  Administration,  Washington,  D.  C. 


IN  A  lime-soda  process  for  the  treatment  of  raw  water  for 
boiler  consumption,  accurate  laboratory  tests  on  the  effluent 
water  provide  the  fundamental  bases  for  efficient  softener  con¬ 
trol.  Volumetric  determinations  of  treated  water  alkalinities 
form  a  most  important  phase  of  such  laboratory  tests,  and  the 
chemist  should  have  available  accurate  and  positive  color 
indicators  in  order  to  make  the  analyses  with  the  highest  degree 
of  precision. 

An  ideal  indicator  would  show  a  sharp  point  of  color  transition 
coincident  with  the  equilibrium  point  for  the  completion  of  the 
neutralization  reaction.  This  point  was  computed  for  boiler 
feedwaters  at  about  4.89  by  interpolating  the  data  reported  by 
Cooper  (2)  to  a  miUimolarity  of  0.333,  the  average  sodium  car¬ 
bonate  content  of  such  waters. 

The  use  of  methyl  orange  for  alkalinity  titrations  of  water 
has  received  almost  universal  application  and  has  been  adopted 
as  standard  ( 1 ).  This  indicator,  however,  possesses  a  color 
change  rather  difficult  to  detect  and,  more  important,  has  been 
shown  by  Cooper  ( 2 )  to  have  a  pH  color  response  in  disagreement 
with  the  equivalence  point  for  complete  neutralization. 

The  reduction  of  such  indicator  uncertainty  has  been  reported 
by  various  investigators  through  the  application  of  mixtures  of 
indicators  and  of  indicators  and  dyes,  and  these  mixtures  are 
described  in  the  literature  (5).  In  the  latter  type  of  mixture, 
the  dye  is  added  to  supplement  the  color  of  the  indicator  and  pro¬ 
duce  a  color  other  than  that  of  the  indicator  itself.  For  ex¬ 
ample,  an  inert  dye,  xylene  cyanole  FF,  has  been  proposed  by 
Hickman  and  Linstead  ( 8 )  to  augment  methyl  orange,  giving  a 
green  color  with  the  alkaline  yellow  of  the  indicator  and  a  ma¬ 
genta  red  color  with  the  acid  orange.  The  application  of  this 
mixture  to  feedwater  titrations  is  subject  to  criticism  in  that  the 
pH  of  the  color  transition  is  3.8,  according  to  Willard  and  Fur¬ 
man  (7),  making  the  indicator  less  suitable  than  methyl  orange 
itself. 

Johnson  and  Green  (J)  have  investigated  the  use  of  an  alcoholic 
solution  of  methyl  red  and  alphazurine  (6)  for  alkalinity  deter¬ 
minations,  and  this  mixture  was  applied  as  an  indicator  in  titrat¬ 
ing  treated  water  alkalinities  at  the  laboratory  of  the  Federal 
Central  Heating  Plant,  Washington,  D.  C.  A  modification  in 
the  ratio  of  dye  to  indicator  was  made  to  improve  the  color 
transitions.  The  mixture  showed  great  promise,  but  after 
standing  several  weeks  the  methyl  red  separated  from  solution 
and  the  color  response  of  the  indicator  became  less  pro¬ 
nounced.  These  difficulties  were  eliminated  by  substituting 
the  sodium  salt  of  methyl  red  (dimethylaminobenzene  sodium 
carbonate)  in  place  of  the  methyl  red  and  water  in  place  of  the 
alcohol.  The  aqueous  solution  was  found  to  be  stable  and  its 
use  avoided  the  necessity  of  using  alcohol.  The  indicator  was 
prepared  by  dissolving  0.45  gram  of  methyl  red  sodium  salt  and 
0.55  gram  of  alphazurine  in  1  liter  of  distilled  water.  The  pH 
value  of  the  solution  was  observed  to  be  approximately  7.3. 

The  indicator  was  checked  for  accuracy  by  titrating  100  ml. 
of  a  solution  of  sodium  carbonate  (M  0.00033)  with  0.033  N 
hydrochloric  acid,  using  the  usual  “double  end-point”  method 
with  3  drops  of  phenolphthalein  indicator  for  the  first  end  point 
and  3  drops  of  the  prepared  indicator  for  the  second  end  point. 
Potential  changes  were  measured  with  a  commercial  glass  elec¬ 
trode  vacuum-tube  pH  meter  (Table  I).  Color  transition  and 
maximum  potential  deflection  were  observed  to  be  in  good 
agreement  with  the  computed  equivalence  point  for  the  neu¬ 
tralization  reaction,  and  the  volume  of  acid  required  for  the 


second  titration  end  point  was  double  that  required  for  the  first 
end  point,  all  of  which  indicated  accurate  results. 

The  pH  values  of  the  indicator  color  changes  were  determined 
in  a  series  of  adjusted  solutions  of  potassium  acid  phthalate 
(0.02  M)  and  showed  slightly  lower  values — viz.,  4.8  for  the 
gray  and  4.6  for  the  purple  gray.  However,  in  dilute  unbuffered 
feedwaters,  this  small  discrepancy  should  not  materially  affect 
the  accuracy  of  the  determinations. 

The  sensitivity  of  the  indicator  is  evidenced  by  a  color  change 
from  green  gray  to  gray  with  the  addition  of  one  drop  of  acid 
(approximately  0.05  ml.),  and  gray  to  purple  gray  with  a  second 
drop.  The  color  transitions  are  sharp  and  distinct  and  show 
sufficient  contrast  to  make  the  changes  easily  distinguishable. 
The  gray  intermediate  color  gives  ample  warning  of  the  ap¬ 
proaching  purple  gray  which  is  used  as  the  end  point  of  the 
titration. 

The  effect  of  neutral  salts  on  the  indicator  was  determined 
by  titrating  with  0.03  N  hydrochloric  acid  several  prepared 
feedwaters  containing  large  quantities  of  such  salts.  The 
solutions  used  in  the  experiment  were  (1)  100  ml.  of  0.00033  M 
sodium  carbonate  containing  no  salts,  (2)  100  ml.  of  0.00033  M 
sodium  carbonate  containing  400  p.  p.  m.  of  sodium  chloride,  (3) 
100  ml.  of  0.00033  sodium  carbonate  containing  400  p.  p.  m.  of 
sodium  sulfate,  and  (4)  100  ml.  of  0.00033  M  sodium  carbonate 
containing  400  p.  p.  m.  of  sodium  chloride  and  400  p.  p.  m.  of 
sodium  sulfate.  The  titration  of  all  four  solutions  to  the  indicator 
end  point  (purple  gray)  required  2.00  ml.  ( ±0.025  ml.)  of  0.033  N 
hydrochloric  acid.  The  pH  values  for  these  end  points  ranged 
from  4.6+  for  solution  No.  1  to  4.9+  for  solution  No.  4.  These 
results  showed  that  although  neutral  salts  increased  the  ap¬ 
parent  pH  (as  indicated  by  the  glass  electrode)  of  the  equivalence 
point  by  as  much  as  0.3  pH  unit,  the  stoichiometric  end  point, 
as  indicated  by  the  color  response,  was  not  affected,  since  all 
four  neutralizations  required  the  same  volumes  of  acid  within 
experimental  error.  Hence  the  indicator  appears  suitable  for 
titrating  anj'  feedwater  containing  salts  within  the  limits  shown 


Table  I.  Neutralization  of  Synthetic  Feedwater 
(100  ml.  of  0.00033  M  Na2COi  titrated  with  0.033  N  HC1  at  20°  C.) 


0.033  N  HCI 

Added 

pH 

ApH 

Indicator 

Observed  Color 

Ml. 

0.0 

9.87 

Phenol¬ 

Red 

0.1 

9.78 

0.09 

phthalein 

0.2 

9.70 

0.08 

0.3 

9.60 

0.10 

0.4 

9.50 

0.10 

0.5 

9.37 

0.13 

0.6 

9.23 

0.14 

0.7 

9.04 

0.19 

0.8 

8.77 

0.27 

0.9 

8.40 

0.37 

Pink 

E.  P.  1.0 

7.50 

0.90 

Colorless 

1.1 

7.15 

0.35 

Alphazurine- 

Green 

1.2 

6.85 

0.30 

methyl  red 

1.3 

6.50 

0.35 

sodium  salt 

1.4 

6.20 

0.30 

1.5 

6.00 

0.20 

1.6 

5.76 

0.24 

1.7 

5.59 

0.17 

1.8 

5.40 

0.19 

1.9 

5.18 

0.22 

Green  gray 

E.  P.“  2.0 

4.68 

0.50 

Purple  gray 

2.1 

4.20 

0.48 

Purple 

2.2 

3.75 

0.45 

2.3 

3.56 

0.19 

°  2  ml.  of  0.033  N  HCI  is  the  stoichiometric  as  well  as  the  actual  volume 
(  ±0.05  ml.)  required  for  neutralization. 


742 


December  15,  1943 


ANALYTICAL  EDITION 


743 


above,  and  most  natural  waters  in  this  country  are  normally 
within  these  limits. 
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Determining  the  Mechanical  Stability 

of  Emulsions 

A  Rapid  Quantitative  Method 

REYNOLD  C.  MERRILL,  Jr. 

Western  Regional  Research  Laboratory,  Bureau  of  Agricultural  and  Industrial  Chemistry, 
U.  S.  Department  of  Agriculture,  Albany,  Calif. 


A  rapid  quantitative  method  for  determining  the 
mechanical  stability  of  emulsions  involves  meas¬ 
uring  the  rate  of  separation  of  internal  phase  under 
a  constant  centrifugal  force.  The  reciprocal  of  the 
initial  rate  of  separation  at  a  constant  centrifuge 
speed  has  been  taken  as  a  quantitative  index  of  the 
mechanical  stability  of  the  emulsion.  The  method 
has  been  applied  to  both  water-in-oil  and  oil-in¬ 
water  emulsions  stabilized  by  lecithin,  soaps,  and 
vegetable  gums.  It  gives  results  in  a  few  hours 
apparently  comparable  to  those  obtained  by  more 
tedious  methods  involving  other  factors  and  re¬ 
quiring  measurements  over  many  months. 

Definite  effects  of  the  age  of  the  emulsion  on  its 
mechanical  stability  as  determined  by  this  method 
have  been  found  in  the  case  of  soap  and  saponin- 
stabilized  emulsions. 


IN  SPITE  of  the  great  importance  of  emulsions  in  many  in¬ 
dustries  at  the  present  time  and  the  recent  rapid  increase  in 
the  number  of  new  emulsifiers  commercially  available,  very  few 
quantitative  data  are  given  in  the  literature  comparing  the 
j  stability  of  various  types  of  emulsions  stabilized  by  different 
agents.  This  scarcity  of  numerical  data  is  probably  due  to  the 
lack  of  rapid  quantitative  methods  for  measuring  the  stability  of 
;  emulsions. 

The  concept  of  emulsion  stability  involves  the  resistance  of  the 
emulsion  to  destruction  by  various  forces.  Probably  the  best 
measure  of  stability  is  the  rate  of  separation  of  internal  phase 
1(5).  The  forces  involved  in  any  practical  case  depend  on  the 
conditions  to  which  the  emulsion  is  to  be  subjected  during  use. 

This  paper  reports  the  development  of  a  method  for  deter- 
I  mining  the  resistance  of  emulsions  to  breaking  under  the  me¬ 
chanical  stress  of  centrifugal  force.  Other  destructive  forces 
which  might  be  used  are  shaking,  stirring,  jarring,  impact,  heat¬ 
ing,  and  freezing  and  subsequent  thawing.  Probably  the  re¬ 
sistances  of  a  series  of  emulsions  will  vary  in  the  same  manner  for 
i  different  types  of  mechanical  stresses.  However,  for  practical 
purposes  it  is  advisable  always  to  determine  the  stability  of  the 
emulsion  under  conditions  of  use  in  order  to  ascertain  whether  a 
more  rapid  method  than  conditions  of  use  is  a  valid  measure. 

Numerous  methods  have  been  used  for  measuring  the  effective¬ 
ness  of  emulsifiers.  One  consists  of  measurements  of  such 
!  physical  properties  of  the  system  as  surface  or  interfacial  tensions 


(7, 19),  electrical  charges  (by  electrophoresis),  potential  difference 
between  disperse  phase  and  dispersion  medium,  thickness  of  the 
protective  film,  viscosity,  or  specific  gravity  (2).  AH  these 
quantities  are  undoubtedly  of  some  importance  in  determining 
stability,  but  it  is  doubtful  whether  a  single  measurement  of  any 
of  these  properties  constitutes,  of  itself,  a  determination  of  the 
stability  of  the  emulsion.  For  example,  the  interfacial  tension  is 
probably  an  index  of  the  ease  of  emulsification  but  is  unreliable 
as  a  measure  of  the  stability  of  the  resulting  emulsion  (20,  21). 

Another  method  of  measuring  effectiveness  is  the  determination 
of  either  the  maximum  volume  of  disperse  phase  emulsified  by  a 
definite  amount  of  emulsifier  (4)  or  the  smallest  amount  of  emulsi¬ 
fier  necessary  to  emulsify  given  volumes  of  different  liquids  (S,  22). 
These  two  methods  measure  the  relative  amounts  of  stabilizer 
and  disperse  phase  necessary  to  produce  an  emulsion  but  do  not 
measure  its  stability. 

A  third  method  consists  of  measuring  the  amount  of  salt  neces¬ 
sary  to  separate  the  two  phases  (16).  This  method  is  not  com¬ 
pletely  satisfactory  as  a  measure  of  stability  for  different  types 
of  emulsions  because  the  relative  importance  of  electrical  charge 
in  determining  stability  may  differ  in  various  cases.  Thus,  emul¬ 
sions  in  which  stability  is  primarily  due  to  the  electrical  charge 
on  the  droplets  would  probably  appear  less  stable  by  this  test 
than  emulsions  stabilized  by  a  neutral  film,  although  by  other 
methods  the  two  might  appear  equally  stable. 

A  fourth  method  consists  of  the  determination  of  the  time 
required  for  a  light  to  glow  when  the  emulsion  is  placed  between 
electrodes  in  series  with  a  light  bulb  (IS).  This  method  also 
overemphasizes  electrical  factors  contributing  to  stability  and  is 
applicable  only  to  certain  types  of  emulsions. 

A  fifth  method  is  the  determination  of  the  time  required  tor 
noticeable  separation  of  phases  on  standing  (23) ;  a,nd  a  sixth 
consists  of  measuring  the  variation  with  time  of  the  droplet-size 
frequency  (6)  or  interfacial  area  (10).  A  single  size-frequency 
measurement  is  not  sufficient  because,  as  King  (9)  has  pointed 
out,  it  appears  that  emulsion  stability  is  not,  in  general,  a  function 
of  the  degree  of  dispersion.  In  utilizing  this  sixth  method  one 
should  make  sure  that  the  change  in  droplet-size  frequency  actu¬ 
ally  represents  phase  separation  and  not  merely  an  increase  of 

droplet  size  to  a  larger,  more  stable  form.  . 

Other  methods  utilized  for  evaluating  emulsions  involve  de¬ 
termining  the  oil  content  of  horizontal  layers  of  day-old  emulsions 
(which  involves  creaming  as  well  as  breaking,  17),  observing  the 
shapes  of  droplets  of  fungicidal  emulsions  dropped  into  water 
(5),  measuring  the  toxicity  to  guinea  pigs  of  dispersed  bacterial 
toxin  (which  also  involves  the  degree  of  dispersion  of  the  emulsion 
and  a  possible  detoxifying  effect  of  the  emulsifier,  15),  and  the 
rate  of  saponification  of  oils  (13, 14). 

The  methods  that  are  fairly  rapid  are,  in  general,  probably  not 
valid  measures  of  stability,  whereas  the  more  reliable  methods, 
involving  measurement  of  the  separation  of  internal  phase,  are 
somewhat  tedious  and  require  measurements  over  a  period  of 
months  and  perhaps  even  years.  Thus  Berkman  (1)  mentions 
emulsions  which  show  no  signs  of  separation  in  five  years.  There  is, 
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Figure  1.  Rate  of  Separation  of  Butyl  Phthalate  from 
Aqueous  Emulsions  Stabilized  by  Sodium  Aleuritate 

Curve  Soap  Rate,  Ml./Min.  K 

A  0. 1%  sodium  aleuritate  (4  days  old)  0.33  3.0 

B  0. 1%  sodium  aleuritate  (fresh  soln.)  0.030  33.0 

The  circles  with  different  markings  represent  different  runs  on  sodium 
aleuritate  solutions  varying  in  age  by  a  few  hours.  Speed  of  centrifuging, 
3000  r.  p.  m. 


therefore,  a  definite  need  for  reliable  quantitative  methods  of 
measuring  the  stability  of  emulsions  capable  of  giving  results  in 
a  few  hours.  Since  the  rate  of  breaking  of  emulsions  is  the  only 
reliable  criterion  of  their  stability,  we  have  accelerated  the  break¬ 
ing  by  centrifuging  them  in  graduated  tubes  and  have  deter¬ 
mined  the  rate  of  separation  of  internal  phase  at  a  constant  speed 
of  rotation.  The  reciprocal  of  the  rate  of  phase  separation  is 
taken  as  a  quantitative  measure  of  the  mechanical  stability  of 
the  emulsion  and  is  designated  by  K. 

Experimental  Method 

The  centrifuge  used  is  a  No.  1,  Type  SB  International  clinical 
centrifuge,  equipped  with  horizontal  heads  carrying  either  four 
or  eight  50-ml.  tubes,  a  slide-wire  resistance,  and  a  Waltham 
tachometer  reading  up  to  6000  r.  p.  m.  The  speed  can  be  kept 
constant  to  about  ±20  r.  p.  m.  The  distance  from  the  center  of 
rotation  to  the  far  end  of  the  9.5-cm.  metal  tubes  used  is  20.5 
cm.  The  centrifugal  force  can  be  calculated  from  the  formula 

_  4irzri2mr 
*  =  3600  X  980 

where  F  is  the  force,  in  multiples  of  the  gravitational  force,  acting 
on  a  particle  of  mass  m  grams  a  distance  of  r  centimeters  from  the 
axis  of  rotation  at  a  speed  of  n  revolutions  per  minute.  The  force 
acting  on  a  particle  in  the  center  of  the  tube  is  176,  1580,  and 
2280  times  gravity  at  speeds  of  1000,  3000,  and  3600  r.  p.  m., 
respectively. 

The  emulsions  were  contained  in  graduated  40-ml.  Pyrex, 
heavy-duty  conical-bottom  centrifuge  tubes.  During  centri¬ 
fuging  the  tubes  were  covered  with  a  piece  of  sheet  rubber  held 
in  place  by  a  rubber  band  in  order  to  minimize  evaporation  and 
aging  effects  on  soap  emulsions  due  to  absorption  of  carbon 
dioxide  from  the  air.  The  time  of  centrifuging  was  measured 
with  an  automatic  electric  timer  equipped  with  a  warning  device. 
The  volume  of  the  dispersed  phase  which  had  broken  from  each 
emulsion  was  noted  at  successive  intervals  of  5  to  30  minutes 
and  plotted  as  a  function  of  time  at  a  constant  centrifuging 
speed.  Care  was  taken  in  stopping  the  centrifuge  to  avoid 
convection  currents  which  might  otherwise  have  affected  the 
results.  Any  temperature  rise  in  the  samples  on  prolonged 
centrifuging  is  so  small  as  to  be  negligible. 

Chemicals 

The  soaps  of  aleuritic  (9,10,16-trihydroxypalmitic),  palmitic, 
and  stearic  acids  were  made  from  the  pure  Eastman  acids  by 
neutralization  in  acetone  solution  with  sodium  ethylate  for  the 


sodium  soaps,  and  with  the  corresponding  hydroxide  for  am¬ 
monium  and  potassium  palmitates.  Sodium  oleate  was  made 
from  a  technical  oleic  acid.  Heavy  metal  soaps  weie  made  by 
precipitating  them  from  hot  solutions  of  the  corresponding 
sodium  soaps  with  a  slight  excess  of  the  alkaline  earth  chloride. 
The  precipitates  were  washed  with  hot  water  and  dried  in  a 
vacuum  desiccator. 

The  sodium  palm-oil  soap  was  made  from  an  Ecuadorian  palm 
oil  (supplied  by  E.  B.  Kester,  Western  Regional  Research  Labora¬ 
tory)  in  which  the  free  fatty  acids  had  an  equivalent  weight  of 
242.  The  saponin,  cyclohexanol,  lecithin,  butyl  phthalate,  and 
castor  oil  were  Eastman  products.  Aerosol  OT,  a  trade  name 
for  the  sodium  salt  of  the  dioctyl  (2-ethylhexyl)  ester  of  sulfo- 
succinic  acid,  is  a  pure  wetting  agent  obtained  from  the  American 
Cyanamid  and  Chemical  Corporation.  The  benzene  was  the 
thiophene-free  grade  obtained  from  Eimer  &  Amend.  The 
carbon  tetrachloride,  kerosene,  tragacanth  (U.  S.  P.  No.  2), 
karaya  (XXX  grade),  and  acacia  gums  were  commercial  prod¬ 
ucts.  The  pectin  was  a  commercial  citrus  pectin  with  a  jelly 
grade  of  200. 

Soap  solutions  were  prepared  immediately  before  using  from 
freshly  boiled  distilled  water.  Accurately  weighed  amounts  of 
solid  soap  were  dissolved  in  sufficient  water  to  give  the  desired 
volume. 


Preparation  of  Emulsions 

Emulsions  were  prepared  by  running  the  two  liquids  four  or 
five  times  through  a  hand-operated  aluminum  emulsifier  or 
homogenizer  (Central  Scientific,  Catalog  No.  70,180),  in  which 
a  piston  forces  the  liquids  through  six  small  slits  between  parallel 
plates  of  the  8-mm.  nozzle,  producing  a  rather  effective  shearing 
action.  Except  where  otherwise  stated,  equal  volumes  of  the 
organic  liquid  and  of  aqueous  solutions  of  the  stabilizing  agent 
were  emulsified.  The  concentrations  of  stabilizing  agent  given 
are  based  on  the  volume  of  aqueous  solution,  not  on  the  total 
volume  of  emulsion.  All  experiments  were  carried  out  at  room 
temperature. 

For  preliminary  work  on  the  method,  emulsions  were  used  in 
which  the  internal  phase  had  a  higher  density  than  the  dispersion 
medium,  since  volume  readings  at  the  bottom  of  the  centrifuge 
tubes  are  easier  to  make  and  can  be  made  more  precisely.  It 
was  also  thought  that  if  the  internal  phase  were  heavier,  the 
centrifugal  force  would  accelerate  breaking  rather  than  creaming, 
thus  making  the  results  more  significant.  However,  later  work 
showed  the  method  to  be  applicable  even  when  the  disperse 
phase  is  lighter  than  the  dispersion  medium.  Dibutyl  phthalate 
(density  1.0465)  was  chosen  as  the  internal  phase,  since  dye 
tests  using  methylene  blue  and  Orange  OT  showed  that  it  formed 
oil-in-water  emulsions  with  the  water-soluble  soaps  used  as 
emulsifiers. 


Figure  2.  Rate  of  Separation  of  Butyl  Phthalate  from 
Aqueous  Emulsions  Stabilized  by  Saponin  .and  Sodium  Palm- 

Oil  Soap 


Curve 

Soap 

Rate,  Ml./Min. 

K 

A 

0.1%  saponin  (4  days  old) 

0.150 

6.0 

B 

0.1%  saponin  (fresh  soln.) 
0.1%  sodium  palm-oil  soap 

0.070 

14.6 

C 

0.006 

166.0 

Speed  of  centrifuging  =  3000  r.  p.  m. 
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Experimental  Data  and  Discussion 

Representative  data  obtained  are  shown  in  Figures  1  to  5,  in 
which  volume  of  oil  or  internal  phase  separated  is  plotted  as  a 
function  of  the  time  of  centrifuging.  The  rate  of  separation  is 
found  to  be  practically  constant  until  about  60  to  75  per  cent  of 
the  internal  phase  has  separated;  above  this  region  the  rate 
decreases  markedly,  although  the  whole  curve  does  not  appear 
to  be  logarithmic.  After  visual  inspection  of  the  data,  straight 
lines  corresponding  to  the  initial  rate  were  drawn  so  as  to  give  the 
best  fit  of  experimental  points.  Freshly  prepared  emulsions 
containing  unemulsified  oil  show  separation  at  the  same  rate  as 
the  completely  emulsified  systems. 

The  formula  for  the  rate  of  separation  of  phases  proposed  by 
Lederer  {11)  does  not  apply  either  to  the  data  of  this  investigation 
or  to  all  the  previous  data  of  Cheesman  and  King  ( 3 )  obtained  by 
measuring  the  rate  of  separation  on  standing. 

Since  the  rate-of-separation  curves  appear  to  be  similar  in  type 
for  the  emulsions  studied,  it  is  suflicient  for  practical  purposes 
to  take  the  initial  rate  of  separation  of  disperse  phase  as  an  index 
to  the  mechanical  stability  of  the  emulsion.  Logically ,  it  is  prefer¬ 
able  to  call  this  a  measure  of  the  mechanical  instability  and  to 
take  the  reciprocal  of  this  rate  as  a  measure  of  the  mechanical 
stability.  For  rapid  comparative  studies  only  the  relative 
amounts  of  internal  phase  separated  after  a  constant  arbitrary 
time  of  centrifuging  need  be  measured. 


Figure  3.  Rate  of  Separation  of  Butyl  Phthalate  from 
Aqueous  Emulsions  Stabilized  by  Pectin  and  Vegetable 

Gums 


Curve  Stabilizer 

A  1%  karaya  gum 

B  0.3%  tragacanth 

C  1%  pectin 


Rate,  Ml./Min. 

K 

0.31 

3.2 

0.051 

20.0 

0.014 

71.0 

Speed  of  centrifuging  =  3600  r.  p.  m. 


Aging  Effects 

Emulsion  stabilized  by  saponins  and  soaps  show  pronounced 
aging  effects  after  being  allowed  to  stand  in  a  beaker  covered  with 
a  watch  glass,  even  though  thoroughly  re-emulsified  by  the  pre¬ 
viously  used  technique  immediately  before  centrifuging.  The 
extent  of  aging  varies  with  the  stabilizing  agent.  The  rate  of 
separation  of  dibutyl  phthalate  at  a  speed  of  3000  r.  p.  m.  from 
emulsions  stabilized  by  0.1  per  cent  sodium  aleuritate  increases 
tenfold  (from  0.030  to  0.33  ml.  per  minute)  in  4  days,  whereas 
from  those  stabilized  with  0.1  per  cent  saponin  the  rate  little 
more  than  doubled  (from  0.070  to  0.150  ml.  per  minute)  in  the 
same  time.  This  rapid  aging  of  sodium  aleuritate  solutions  ac¬ 
counts  for  the  slightly  different  rates  obtained  in  different  runs 
on  emulsions  from  supposedly  fresh  solutions  whose  age  actually 
varied  by  as  much  as  6  or  8  hours.  Different  points  from  the 
same  run  form  approximately  straight  lines  when  plotted  as  in 
Figure  1.  The  aging  effect  is  probably  due  at  least  partly  to 
absorption  of  carbon  dioxide  and  subsequent  hydrolysis  of  the 
soap.  The  acid  soaps  formed  are  evidently  much  less  effective 
stabilizing  agents.  Saponin  solutions  also  decompose  on  stand¬ 
ing.  Such  pronounced  aging  effects  were  not  obtained  with 
emulsifiers  which  are  stable  when  exposed  to  air,  nor  would  it  be 
expected  that  they  would  be  obtained  with  soap  emulsions  kept 
in  closed  vessels  free  from  carbon  dioxide. 

Reproducibility  of  Method 

As  an  indication  of  the  reproducibility  of  the  centrifugal 
method  in  its  present  state,  the  values  from  five  independent 
runs  on  butyl  phthalate — 0.1  per  cent  sodium  aleuritate  emulsions 
(aged  for  4  days  and  then  re-emulsified)— are  presented.  The 
amounts  of  butyl  phthalate  separated  at  the  end  of  various 
periods  at  3000  r.  p.  m.  were  as  follows: 


After  15  Min. 

After  30  Min. 

After  45  Min. 

After  60  Min. 

Ml. 

Ml. 

Ml. 

Ml. 

4.0 

11.0 

16.0 

17.1 

5  2 

10.4 

14.9 

17.1 

5.1 

10.2 

14.4 

17.1 

4.9 

11.1 

14.5 

4.6 

10.4 

Av.  4.8 

Av.  10.6 

Av.  14.9 

Av.  17.1 

The  average  values  are  used  in  Figure  1.  Data  for  the  other 
solutions  and  figures  were  obtained  from  three  to  six  independent 
runs. 

Comparison  of  Emulsifiers 

Sodium  palm-oil  soap  forms  more  stable  emulsions  with  di¬ 
butyl  phthalate  than  either  saponin  or  sodium  aleuritate  does 
when  compared  at  0.1  per  cent.  Under  the  same  centrifugal 
force,  palm-oil-soap-stabilized  emulsions  show  phase  separation 
at  about  one  fifth  of  the  rate  of  fresh  sodium  aleuritate  emulsions 
and  about  one  tenth  of  the  rate  of  fresh  saponin  emulsions. 
Butyl  phthalate  emulsions  stabilized  by  0.1  per  cent  vegetable 
gums  are  of  larger  droplet  size  and  break  much  more  rapidly  than 
those  stabilized  by  soaps.  Lecithin  emulsions  are  very  stable 
and  behave  more  like  soap-stabilized  emulsions  than  those 
stabilized  with  pectin  or  vegetable  gums. 

Figure  3  again  shows  the  apparent  constancy  of  the  initial  rate 
of  separation  of  butyl  phthalate  from  pectin,  karaya,  and  traga¬ 
canth  emulsions  and  the  rapid  decrease  in  rate  after  about  60 
per  cent  of  the  karaya  emulsion  has  broken.  Karaya-stabilized 
emulsions  break  unevenly  and  as  a  result  the  error  of  reading  is 
increased.  This  accounts  for  the  somewhat  greater  spread  of 
experimental  points  for  karaya.  Emulsions  stabilized  by  gum 
acacia  break  even  more  rapidly  than  karaya  emulsions.  The 
order  of  decreasing  stability  of  butyl  phthalate  emulsions  is. 
tragacanth  >  pectin  >  karaya.  Butyl  phthalate  emulsions 
stabilized  by  gum  acacia  are  less  stable  than  those  stabilized  by 
karaya. 

Emulsions  stabilized  by  0.3  per  cent  lecithin  appear  to  lose 
butyl  phthalate  at  the  constant  initial  rate  of  0.057  ml.  per 
minute  (Figure  4) .  Lecithin  is  about  equivalent  to  tragacanth  as 
an  emulsifier  for  dibutyl  phthalate,  although  perhaps  not  quite  so 
good. 

Emulsions  with  Less  Dense  Internal  Phase 

In  order  to  see  whether  the  centrifugal  method  can  be  used 
when  the  droplets  are  lighter  than  the  dispersion  medium,  equal 
volumes  of  0.1  per  cent  Aerosol  OT  solutions  and  the  following 
organic  liquids  were  emulsified  and  centrifuged  at  3000  r.  p.  m. : 
benzene  (density  0.879),  cyclohexanol  (density  0.945),  castor 
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TIME  OF  CENTRIFUGING  (MINUTES) 


Figure  4.  Rate  of  Separation  of  Butyl  Phthalate  from 
an  Aqueous  Emulsion  Stabilized  by  0.3  Per  Cent  Lecithin 

Rate  =  0.057  ml. /minute,  K  =  18. 

Speed  of  centrifuging  =  3600  r.  p.  m 


oil  (density  0.96),  and  mineral  oil  (density  0.85).  Dye  tests 
using  Orange  OT  and  methylene  blue  showed  the  emulsions  to  be 
of  the  oil-in-water  type.  On  centrifuging,  the  liquid  in  the  drop¬ 
lets  separated  at  the  top  of  the  emulsion  at  the  rate  of  0.042, 
0.069,  and  0.31  ml.  per  minute  for  the  cyclohexanol,  benzene, 
and  castor  oil,  respectively  (Figure  5). 

Castor  oil,  the  density  of  which  is  nearest  to  that  of  water  and 
therefore  might  be  expected  to  separate  more  slowly  than  any 
of  the  others,  separates  the  most  rapidly.  The  fact  that  the  sepa¬ 
ration  rate  of  these  emulsions  is  not  determined  only  by  the  dif¬ 
ference  in  densities  of  the  phases  is  evidence  that  the  centrifugal 
method  measures  emulsion  stability.  At  any  rate,  the  data 
show  that  the  centrifugal  method  can  successfully  be  used,  even 
when  the  density  of  the  disperse  phase  is  less  than  that  of  the 
dispersion  medium.  However,  care  must  be  taken  in  interpreting 
comparative  measurements  obtained  by  this  method  on  disperse 
phases  of  varying  densities.  Recently  King  (9)  has  presented 
evidence  indicating  that  the  stability  on  aging  and  resistance  to 
salting  out  by  potassium  sulfate  of  aqueous  emulsions  with  non¬ 
polar  liquids  increased  with  decreasing  difference  between  the 
densities  of  the  two  phases.  The  centrifugal  method  here  de¬ 
scribed  would  probably  yield  the  same  result. 

In  addition  to  the  liquids  mentioned  above  the  method  has  been 
used  on  aqueous  soap-stabilized  emulsions  of  cresol,  aniline, 
toluene,  kerosene,  carbon  tetrachloride,  and  mixtures  of  the  last 
two.  Experiments  on  water-in-oil  emulsions  of  benzene  and 
kerosene  stabilized  by  heavy-metal  soaps  indicate  that  the  method 
is  applicable  to  these  systems. 

Comparison  with  Previous  Investigations 

After  centrifuging  at  3600  r.  p.  m.  for  100  minutes  the  volumes 
of  kerosene  separated  from  a  50-50  emulsion  stabilized  by  0.005 
N  potassium,  sodium,  and  ammonium  palmitates  were  1.3,  1.5, 
and  1.7  ml.,  respectively.  This  is  the  same  order  found  by  King 
and  Mukherjee  (10)  for  these  same  soaps  at  0.001  N  by  the 
method  of  rate  of  decrease  of  interfacial  area.  Tests  on  mineral- 
oil  emulsions  stabilized  by  1.66  per  cent  carbohydrate  colloids 
indicated  the  order  of  increasing  mechanical  stability  to  be 
tragacanth  <<  acacia  <  karaya  ~  pectin.  This  is  in  qualitative 
agreement  with  the  data  of  Lotzkar  and  Maclay  (12)  on  these 
identical  emulsions  obtained  by  measuring  the  rate  of  decrease  of 
interfacial  area. 

While  the  agreement  between  the  rate  of  decrease  of  interfacial 
area  and  the  centrifugal  methods  of  measuring  emulsion  stability 


appears  satisfactory,  final  proof  of  the  value  of  either  method  for 
many  practical  purposes  must  await  the  comparison  of  data 
obtained  by  these  methods  with  data  on  identical  systems  ob¬ 
tained  by  measuring  the  rate  of  separation  on  standing. 

Preliminary  tests  have  shown  that  increasing  the  centrifuge 
speed  increases  the  rate  of  phase  separation.  It  is  possible  that 
more  experiments  might  show  the  rate  of  separation  of  the 
internal  phases  to  be  directly  proportional  to  the  applied  cen¬ 
trifugal  force.  In  that  case,  the  reciprocal  of  the  rate  of  separation 
divided  by  the  average  centrifugal  force  would  be  a  preferable 
unit. 


Figure  5.  Rate  of  Internal  Phase  Separation  from  0.1 
Per  Cent  Aerosol  OT  Emulsions 


Curve 

Organic  Liquid 

Rate,  Ml./Min. 

K 

A 

Castor  oil 

0.31 

3.2 

B 

Benzene 

0.069 

14.5 

C 

Cyclohexanol 

0.042 

24.0 

The  double  circles  are  points  for  cyclohexanol. 
Speed  of  centrifuging  =  3000  r.  p.  m. 
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Rapid  Iodometric  Determination  of  Iron  in 

Iron  Phytate 

J.  R.  FOY  AND  J.  B.  THOMPSON1,  Marymount  College,  Tarrytown,  N.  Y. 


A  direct  titration  method  makes  it  possible  to 
determine  iron  in  ferric  phytate  in  about  20  min¬ 
utes,  whereas  other  methods  adaptable  to  the 
product  require  several  hours.  The  results  ob¬ 
tained  are  highly  reproducible.  The  method  is 
more  accurate  than  methods  which  involve  con¬ 
siderable  manipulation  and  possible  loss. 


FERRIC  phytate  has  been  proposed  as  a  source  of  iron  for  the 
nutritional  fortification  of  grain  and  cereal  products.  It  is 
a  buff-colored  compound,  insoluble  in  water  and  dilute  acids, 
which  does  not  accelerate  the  development  of  rancidity  in  food¬ 
stuffs.  The  iron  is  available  to  the  animal  organism  and,  since 
phytic  acid  is  a  natural  constituent  of  cereals,  no  foreign  matter 
is  introduced  ( 1 ). 

Since  phytic  acid  forms  iron  salts  of  varying  iron  content,  its 
analysis  before  incorporation  into  food  products  seems  highly 
desirable.  The  usual  analytical  procedures  that  might  be  ap¬ 
plied  to  this  compound  are  lengthy  and  offer  considerable  diffi¬ 
culty.  Ferric  phytate,  however,  exhibits  certain  properties  that 
allow  a  much  more  rapid  determination  of  iron.  Postemak  (5) 
has  shown  that  iron  can  be  quantitatively  split  from  the  ferric 
phytate  by  strong  alkali,  producing  the  insoluble  ferric  hydroxide 
and  the  soluble  alkaline  phytate.  By  heating  a  sample  of  ferric 
phytate  in  a  strong  sodium  hydroxide  solution,  filtering,  washing 
the  soluble  sodium  phytate  from  the  ferric  hydroxide,  then  dis¬ 
solving  the  latter  in  hydrochloric  acid,  the  iron  content  can  be 
determined  by  the  usual  Zimmerman-Reinhardt  method.  This 
procedure,  though  satisfactory,  is  also  tedious.  The  authors 
found  that  ferric  phytate  is  very  soluble  in  concentrated  hydro¬ 
chloric  acid,  and  that  under  these  conditions  the  ferric  ion  is 
readily  available.  It  is  sufficient,  therefore,  to  add  a  potassium 
iodide  solution  of  the  proper  concentration  to  the  strongly  acid 
solution  of  the  ferric  phytate  and,  after  dilution,  to  titrate  the 
liberated  iodine  with  thiosulfate.  Two  samples  of  ferric  phytate 
have  been  analyzed  for  iron  in  this  manner  with  very  gratifying 
results.  Comparisons  with  determinations  made  by  the  Zim¬ 
merman-Reinhardt  method  are  satisfactory. 

The  iodometric  determination  of  iron  is  usually  considered  un¬ 
satisfactory,  as  the  reversibility  of  the  reaction  results  in  the  al¬ 
most  immediate  return  of  the  blue  starch-iodine  color.  Accord¬ 
ing  to  Kolthoff  and  Furman  (2)  the  equilibrium  expression  for 
the  iodometric  titration  of  the  ferric  ion: 

2Fe+++  +  2I~t=*2Fe++  +  I2 


is  given  as 


[Fe~*~+  ]  [la] 1  /a  = 
[Fe+++]  [I-] 


In  order  to  obtain  quantitative  results,  it  is  recommended  that 
the  ferric  ion  be  present  as  the  salt  of  a  strong  mineral  acid;  that 
the  solution  be  strongly  acid,  pH  1;  and  that  an  excess  of  the 
iodide  be  present.  However,  when  ferric  phytate  is  titrated 
iodometrically,  in  no  case  does  the  color  return  in  less  than  60 
minutes,  and  2  to  3  hours  usually  elapse  before  there  is  a  recur¬ 
rence.  Thus  the  reduction  of  the  ferric  ion  is  of  a  more  perma¬ 
nent  nature.  Undoubtedly  a  soluble,  but  little  dissociated,  fer¬ 
rous  potassium  salt  of  phytic  acid  is  formed  which  is  not  easily 
oxidized  to  the  ferric  state,  as  is  the  case  when  an  inorganic  feme 
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salt  reacts  with  potassium  iodide.  This  reaction  may  be  repre¬ 
sented  as  follows: 


(Fe+++)xphytate  +  3z(HCl)v= 
z(Fe+++)  +  x  (KI)  +  phytic  acid 


^x(FeCU)  +  phytic  acid 
(Fe++K),phytate  +  a;(I) 


(1> 

(2) 


Another  (less  probable)  possibility  is  that  the  phytic  acid 
formed  in  Equation  1  acts  as  an  inhibitor  of  the  oxidation  of  the 
ferrous  chloride  formed  when  the  potassium  iodide  reacts  with 
the  ferric  chloride. 

The  addition  of  phytic  acid  when  iron  is  determined  iodomet¬ 
rically  in  ferric  ammonium  sulfate  delays  the  return  of  the  blue 
starch-iodine  color,  just  as  in  the  case  of  the  ferric  phytate  titra¬ 
tions.  Although  not  yet  completely  worked  out,  it  appears  that 
the  use  of  phytic  acid  could  be  adapted  to  the  iodometric 
titration  of  other  iron  compounds. 


Experimental 

Preparation  op  Iron  Phytate  Samples.  A  solution  of 
phytic  acid  was  prepared  from  wheat  bran  by  the  method  of 
Morrow  and  Sandstrom  (4).  Samples  of  iron  phytate  were 
prepared  from  this  solution  by  precipitating  with  ferric  chloride 
at  pH  4  to  5,  washing  with  dilute  acid  and  finally  with  water, 
and  drying  in  vacuum  over  phosphorus  pentoxide. 

Iron  was  determined  in  1-gram  samples  by  the  accepted 
Zimmerman-Reinhardt  method  (5)  after  digestion  with  sulfuric 
and  perchloric  acids  (Table  I). 

Direct  Titration  Method.  Samples  of  0.5  to  1.5  grams  were 
transferred  to  250-ml.  iodine  flasks,  10  ml.  of  hydrochloric  acid 
were  added,  and  the  flasks  were  gently  rotated  to  effect  complete 
solution.  Then  25  ml.  of  a  16  per  cent  potassium  iodide  solution 
were  added,  and  the  flask  was  quickly  stoppered  and  twirled 
several  times  to  ensure  thorough  mixing.  The  mixture  was 
allowed  to  stand  5  minutes,  100  ml.  of  water  were  added,  and  the 
liberated  iodine  was  titrated  with  0.1  AT  sodium  thiosulfate  using: 
starch  indicator.  The  titrations  were  corrected  for  blanks  run 
under  identical  conditions  (Table  I).  ,  .  .  .  . 

Calculation.  1  ml.  of  0.1  N  sodium  thiosulfate  is  equivalent 

to  0.05585  gram  of  iron. 


Table  I.  Determination  op  Iron 


No.  of  Sample 

Determinations  Weight 
Grams 


Iron  Found 

Direct  titration  Zimmerman-Reinhardt 
%  % 

Sample  A 


3 

0.50 

Max. 

Min. 

16.88 

16.82 

•  • 

• 

Av. 

16.86 

15 

0.70 

Max. 

Min. 

16.88 

16.82 

• 

Av. 

16.83 

19 

1.00 

Max. 

Min. 

16.88 

16.77 

Av. 

16.83 

2 

1.50 

Max. 

Min. 

16.79 

16.79 

• 

Av. 

16.79 

6 

1.00 

... 

Max. 

Min. 

16.82 

16.63 

Av. 

16.70 

Av. 

of  all  determinations 

16.82 

16.70 

Sample  B 

13 

1.00 

Max. 

Min. 

11.57 

11.45 

. . . 

3 

1.00 

Av. 

11.49 

Max. 

Min. 

11.32 

11.21 

1VA1A1.  A  A  .  A.  A 

Av.  11.26 
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Table  II. 

Blanks  Obtained  under 

Varying  Conditions 

No.  of  Deter- 

KI  per  25  Ml. 

Time  of 

0.1  N  Na2S20a, 

minations 

HCl 

of  Solution 

Standing 

Average 

Ml. 

Grams 

Min . 

Ml. 

3 

10 

5.0 

15 

0.25 

3 

10 

2.5 

15 

0.17 

6 

10 

4.0 

5 

0.14 

2 

20 

4.0 

5 

0.23 

3 

10 

7.5 

15 

0.29 

Discussion 

Several  factors  must  be  carefully  controlled.  It  is  advisable 
to  use  samples  of  0.7  to  1.00  gram,  as  then  the  volume  of  the  thio¬ 
sulfate  used  is  well  within  the  desirable  titration  range.  The 
ratio  of  the  sample  weight  in  grams  to  the  volume  of  hydrochloric 
acid  in  milliliters  must  be  kept  between  1  to  7  and  1  to  15  to  en¬ 
sure  complete  solution  and  yet  avoid  too  great  an  excess  of  acid. 
The  ratio  of  the  volumes  of  the  hydrochloric  acid  and  potassium 
iodide  solution  must  be  kept  between  1  to  2  and  1  to  3  to  prevent 
the  precipitation  of  the  ferric  phytate  and  yet  maintain  as  low  an 
acid  concentration  as  possible.  There  is  a  blank  liberation  of 
iodine  which  depends  upon  the  amount  of  potassium  iodide  and 
hydrochloric  acid  and  the  time  of  standing  (Table  II).  Varying 
these  three  factors  within  the  limits  set  up  herein  does  not  affect 


the  determination,  provided  a  correction  is  made  for  a  blank  run 
under  identical  conditions. 

It  is  suggested  that  as  a  routine  procedure  the  volume  of  the 
hydrochloric  acid  and  potassium  iodide  solution  be  accurately 
measured  by  pipet  and  the  time  of  standing  be  recorded  on  a 
stopwatch.  It  will  then  be  necessary  to  run  only  one  set  of 
blanks  for  each  batch  of  hydrochloric  acid  and  potassium  iodide 
for  different  times  of  standing.  A  1  to  50  dilution  of  the  thiosul¬ 
fate  in  the  blank  titration  will  give  more  reliable  values.  If  the 
blank  titration  is  plotted  against  the  time  of  standing,  the  correc¬ 
tion  to  be  applied  to  any  determination  can  be  read  off  the  graph. 

The  results  by  the  Zimmerman-Reinhardt  method  are  slightly 
lower  (0.1  to  0.2  per  cent)  than  those  by  the  direct  titration 
method,  which  can  undoubtedly  be  attributed  to  incomplete  di¬ 
gestion  and  solution. 
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Quantitative  Determination  of  Sulfanilamide  and 

Sulfathiazole  in  Mixtures 

Spectrophotometric  Method 

D.  T.  ENGLIS  AND  DOUGLAS  A.  SKOOG1,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


THE  wide  use  of  the  sulfa  drugs  has  given  rise  to  considerable 
interest  in  their  analytical  reactions.  Their  assay,  differ¬ 
entiation,  and  identification  have  been  the  subject  of  a  recent 
article  by  Calamari,  Hubata,  and  Roth  (3).  The  principal 
chemical  reaction  employed  for  the  quantitative  estimation  of 
those  substances  involves  the  diazotization  of  the  aryl  amino 
group.  By  coupling  the  diazonium  salt  and  production  of  an 
azo  dye  the  compound  may  be  estimated  colorimetrically  and  the 
sensitivity  greatly  increased  (5).  Anderson  ( 1 )  has  called  at¬ 
tention  to  the  fact  that  free  sulfanilamide  and  acetylated  sulf¬ 
anilamide  have  different  absorption  characteristics  in  the  range 
310  to  360  rap.  and  has  devised  a  unique  fluorometric  method  for 
the  estimation  of  each. 

A  problem  which  was  presented  to  the  authors  was  the  deter¬ 
mination  of  sulfanilamide  and  sulfathiazole  when  present  to¬ 
gether  in  a  mixture.  It  seemed  probable  that  these  compounds 
would  show  markedly  different  absorption  characteristics  in  the 
ultraviolet  range  and  that  the  determination  of  each  could  be 
accomplished  by  a  physical  method  without  separation  of  the 
constituents.  In  1930  Barnard  and  MacMichael  (2)  demon¬ 
strated  that  a  color  system  of  two  components  may  be  quantita¬ 
tively  analyzed,  even  if  both  components  show  absorption  at  the 
selected  wave  length,  provided  the  degree  of  absorption  is  suffi¬ 
ciently  different  and  the  sample  represents  a  definite  total 
amount  of  the  two  constituents  only.  Knudson,  Meloche,  and 
Juday  (4)  have  pointed  out  an  extension  of  the  general  principle 
and  have  indicated  how  the  method  may  be  used  for  more  than 
two  components.  It  is  necessary  to  determine  the  extinction 
coefficients  of  each  pure  component  at  selected  wave  lengths 


which  give  the  widest  differences  in  absorption  of  one  from  the 
other  components.  The  extinction  value  of  the  mixture  is  then 
determined  at  the  selected  wave  lengths  and  the  proportions  of 
the  various  constituents  are  calculated  from  the  data  by  the  solu¬ 
tion  of  a  series  of  simultaneous  equations. 

It  was  the  object  of  this  study  to  develop  a  method  for  the 
analysis  of  the  sulfa  drug  mixture  based  upon  this  principle. 

Experimental 

The  instrument  employed  in  this  work  was  a  Bausch  &  Lomb 
medium  quartz  spectrograph.  The  slit  was  adjusted  to  a  width 
of  0.06  mm.  A  Wood’s  type  hydrogen  discharge  tube,  which  gives 
a  continuous  spectrum  of  fairly  uniform  intensity  over  the  de¬ 
sired  wave-length  range,  served  as  the  source  of  illumination. 
The  source  was  placed  with  the  exit  window  at  a  distance  of  10 
cm.  from  the  slit.  A  cell  of  1-cm.  length  with  quartz  windows  was 
used  to  hold  the  liquids  during  their  examination.  Separate  ex¬ 
posures  of  the  solvent  and  the  solutions  were  taken  for  a  period 


Table  I.  Determination  of  Sulfathiazole  and  Sulfanil¬ 
amide  in  Mixtures  bt  Spectrophotometric  Examination 
at  2600  and  2875  A. 

(Values  expressed  in  mg.  of  constituent  per  liter) 

Sulfanilamide  Sulfathiazole 

Devi  a-  Devia- 


Mixture 

Added 

Found 

tion 

Added 

Found 

tion 

1 

2.50 

2.55 

+0.05 

1.25 

1.17 

-0.08 

2 

8.33 

8.37 

+0.04 

1.60 

1.42 

-0. 18 

3 

10.00 

9.70 

-0.30 

2.00 

1.97 

-0.03 

4 

2.00 

1.97 

-0.03 

10.00 

10.40 

+0.40 

5 

5.00 

5.20 

+0.20 

5.00 

5.09 

+0.09 

6 

7.00 

6.95 

-0.05 

3.00 

3.11 

+0.11 

7 

3.00 

3.30 

+0.30 

7.00 

7.50 

+  0.50 

8 

1.25 

1.29 

+0.04 

2.50 

2.70 

+  0.20 
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From  a  solution  of  these  equations  the  number  of  grams  of 
each  constituent  in  the  solution  is  determined.  The  results  of  a 
group  of  analyses  are  given  in  Table  I. 


SULFANILAMIDE 


of  2  minutes  each.  The  spectra  were  recorded  on  Eastman 
Polychromatic  plates.  Each  plate  was  calibrated  by  taking  a 
series  of  separate  successive  exposures  in  which  the  time  interval 
was  varied  in  a  regular  manner  as  follows:  4,  8,  16,  32,  64,  and 
128  seconds.  The  plates  were  developed  for  6  minutes  in  East¬ 
man  x-ray  developer  at  18°  C.,  then  fixed,  washed,  and  dried. 
After  drying,  the  densities  of  the  spectrograms  at  selected  wave¬ 
length  intervals  were  determined  with  a  Leeds  &  Northrup  re¬ 
cording  microphotometer.  A  family  of  plate  calibration  curves 
for  the  selected  wave  lengths  was  then  constructed  and  by 
reference  to  the  appropriate  curve  the  relative  intensity  values 
for  the  pure  solvent  and  the  solution  were  found  and  from  these 
the  extinction  value  for  the  solution  was  calculated. 

Figure  1  shows  the  absorption  curves  for  pure  sulfathiazole  and 
pure  sulfanilamide  in  95  per  cent  ethanol  solutions.  The  sulf¬ 
anilamide  solution  shows  an  absorption  peak  at  2610  A.  and  the 
sulfathiazole  solution  has  two  absorption  peaks,  one  at  2580  A. 
and  one  at  2875  A.  The  sulfanilamide  has  a  slight  absorption 
at  2875  A.  also. 

The  absorption  values  at  different  concentrations  of  each 
compound  were  determined  and  the  results  are  indicated  in  Fig¬ 
ure  2.  The  solutions  of  both  compounds  obey  the  Beer-Lambert 
law  at  both  2600  and  2875  A.  Therefore,  a  quantitative  esti¬ 
mation  of  each  of  the  constituents  is  possible  in  a  mixture  of  the 
two. 

The  data  necessary  for  making  a  calculation  of  the  quantity  of 
each  are  given  below: 

E'a  =  extinction  for  1  gram  per  liter  of  sulfathiazole  at  2600  A. 

Et '  =  extinction  for  1  gram  per  liter  of  sulfanilamide  at  2600  A. 

E*  =  extinction  for  1  gram  per  liter  of  sulfathiazole  at  2875  A^. 

E"b  =  extinction  for  1  gram  per  liter  of  sulfanilamide  at  2875  A. 

E '  =  extinction  for  the  mixture  at  2600  A. 

m  o 

Em  =  extinction  for  the  mixture  at  2875  A. 

If  x  —  grams  of  sulfathiazole  per  liter 
y  =  grams  of  sulfanilamide  per  liter 

Then  xE'a  +  yE \  =  E'm 
xE 0a  +  yEl  =  E'm 


Discussion 

An  examination  of  Table  I  shows  the  order  of  agreement  which 
may  be  expected  in  a  series  of  analyses  in  which  the  ratios  and 
total  amount  of  the  two  constituents  are  varied.  The  procedure 
employed  involved  the  assumption  of  a  source  of  illumination  of 
constant  intensity.  This  assumption  was  checked  by  making  a 
series  of  exposures  of  the  source  in  which  the  time  was  constant 
for  each.  The  variation  was  within  the  range  of  other  experi¬ 
mental  errors. 

It  is  obvious  that  if  the  observations  were  made  with  an  instru¬ 
ment  which  did  not  require  the  photographic  process— for  ex¬ 
ample,  the  photoelectric  spectrophotometer  adapted  to  the  ultra¬ 
violet  range — the  errors  which  are  inherent  in  the  photographic 
method  might  be  eliminated  and  the  process  of  analysis  greatly 
simplified.  It  is  possible  that  solutions  of  higher  concentration 
might  be  handled  with  such  equipment  and  the  accuracy  of  the 
method  improved. 


Figure  2.  Absorption  Values 
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Modified  Diffusion  Pump  for  Analysis  of  Gases 

in  Metals 

JOHN  J.  NAUGHTON  and  HERBERT  H.  UHLIG 
General  Electric  Research  Laboratory,  Schenectady,  N.  Y. 


IN  RECENT  years  the  effect  of  gases  in  metals  on  metal 
properties  and  the  analyses  of  these  gases  have  received  in¬ 
creasing  attention.  The  most  direct  methods  for  such  analyses 
consist  in  heating  or  fusing  the  metal  in  a  high  vacuum  and  re¬ 
moving  the  evolved  gases  with  the  aid  of  a  diffusion  pump. 


Figure  1.  Modified  Diffusion  Pump 


In  certain  schemes  ( 1 ,  2,  3,  5)  employing  a  volumetric  method 
of  measuring  gas  quantities,  the  pump  acts  as  a  cutoff  or  valve 
to  prevent  return  of  evolved  gases  to  the  metal  sample,  and  the 
outlet  portion  of  the  pump  serves  as  part  of  the  known  volume 
which  the  gas  occupies.  It  is  usually  assumed  that  the  cutoff 
action  of  the  mercury  jet  is  sharp,  and,  consequently,  that  the 
volume  of  the  system  is  constant  for  any  gas  pressure  which  is 
less  than  the  critical  back  pressure  under  which  the  diffusion 
pump  operates.  The  authors  have  observed,  however,  that 
the  portion  of  the  determined  volume  within  the  diffusion  pump 
is  to  some  extent  dependent  on  gas  pressure,  and  is,  moreover, 
sensitive  to  the  distillation  rate  of  the  mercury.  The  maximum 
variations  observed  were  of  the  order  of  35  ml.  with  major  dif¬ 
ferences  occurring  in  the  low-pressure  region  (0  to  0.04  mm.  of 
mercury).  This  maximum  discrepancy  may  not  be  important 
if  the  total  volume  for  gas  confinement  is  of  the  order  of  liters,  but 


in  a  system  with  a  total  volume  in  one  case  of  200  ml.,  the  error 
introduced  from  this  source  could  not  be  neglected. 

It  is  possible  to  avoid  an  error  of  this  kind  by  use  of  a  Toepler 
pump  to  transfer  all  evolved  gases  into  a  portion  of  the  system 
with  known  volume.  The  Toepler  pump,  however,  adds  com¬ 
plexity  to  any  gas  analysis  system  and  increases  the  time  re¬ 
quired  to  complete  the  analysis  so  that  the  simpler  system  is 
preferred,  particularly  for  industrial  use. 

In  their  experiments  the  authors  employed  a  two-stage  mer¬ 
cury  diffusion  pump  of  design  illustrated  by  the  dashed  outline 
of  Figure  1.  The  volume  of  the  system,  part  of  which  included 
the  diffusion-pump  outlet,  was  determined  by  admitting  nitrogen 
at  known  pressure,  entrapping  a  portion  of  this  gas  in  the  McLeod 
gage,  evacuating  the  system,  then  expanding  the  known  volume 
of  gas  into  the  system  and  again  measuring  the  pressure.  From 
these  two  pressures  and  One  volume,  the  volume  of  the  system 
could  be  calculated.  If  the  pressure  of  the  admitted  gas  in  check 
determinations  was  higher  than  for  the  previous  runs,  the 
calculated  volume  increased.  In  addition,  if  the  mercury  distilla¬ 
tion  rate  was  increased,  the  calculated  volume  decreased.  These 
facts  were  checked  by  replacing  the  diffusion  pump  with  another 
of  the  same  general  design  and  noting  the  same  behavior. 

The  effect  is  not  due  to  leakage  past  the  mercury  jet.  Lang¬ 
muir  has  shown  (4)  that  pumps  of  this  type  will  maintain  a  high 
vacuum  against  pressures  greater  than  those  used  in  the  authors’ 
determinations. 


Figure  2.  Change  of  Calculated  Volume  with  Pressure 
at  Various  Distillation  Rates 


Apparently  the  change  in  volume  with  gas  pressure  is  caused 
by  the  long  mean-free-path  mercury  atoms  traveling  undeflected 
into  lower  portions  of  the  pump  condenser.  They  transform 
from  the  vapor  phase  at  different  levels,  depending  on  the 
velocity  of  the  mercury  atoms  and  on  the  mean  pressure  of  the 
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gas  into  which  they  are  projected.  Langmuir  suggested  to  the 
authors  that  if  the  mercury  vapor  stream  were  deflected  and 
condensed  at  a  definite  point  below  the  jet  and  inside  the  con¬ 
denser,  any  observed  volume  change  should  be  diminished.  They 
are  indebted  to  him  for  the  suggestion  of  sealing  an  additional 
water-cooled  tube  into  the  condenser  to  accomplish  this  purpose, 
as  shown  by  the  heavy  outlined  portion  of  Figure  1.  This  modi¬ 
fication  definitely  improved  the  reproducibility  of  calculated 
volumes  at  various  pressures  without  impairing  the  pumping 
performance.  Furthermore,  the  measured  volume  was  now  in¬ 
sensitive  to  mercury  distillation  rates. 

The  comparative  results  are  shown  in  Figure  2.  Curves 
I  and  II  represent  differences  in  calculated  volumes  as  a  function 
of  gas  pressure  employing  the  conventional  design  of  pump. 
Curve  I  is  for  the  higher  mercury  distillation  rate  corresponding 
to  323  watts  supplied  to  the  electric  resistance  heater;  and  curve 


II,  the  lower  distillation  rate,  corresponding  to  240  watts.  Curve 
III  is  for  a  similar  system  employing  the  modified  diffusion 
pump.  Determined  volumes  of  the  system  are  better  reproduc¬ 
ible  and  the  maximum  deviation  of  the  mean  volume  as  the 
pressure  is  lowered  to  0.01  mm.  of  mercury  is  less  than  10  ml. 
Of  further  importance  is  the  fact  that  the  data  at  three  distilla¬ 
tion  rates  practically  coincide. 
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Modified  Amino  Nitrogen  Apparatus  for 

Insoluble  Proteins 

DAVID  G.  DOHERTY  and  CLYDE  L.  OGG 
Eastern  Regional  Research  Laboratory,  Philadelphia,  Penna. 


An  auxiliary  reaction  chamber  for  use  with  a  m  a  nometric  Van  Slyke 
apparatus  is  described.  The  apparatus  enables  one  to  determine  easily 
the  rate  of  liberation  of  amino  nitrogen  from  insoluble  proteins  and 
thereby  to  determine  their  free  amino  nitrogen  content. 


SINCE  the  chemical  modification  of  proteins  frequently  in¬ 
volves  the  free  amino  groups,  it  is  advantageous  to  be  able 
to  determine  the  free  amino  nitrogen  remaining  after  chemical 
treatment.  Most  of  the  protein  derivatives  are  insoluble  under 
the  conditions  of  analysis,  and  some  have  a  rather  low  free  amino 
nitrogen  content.  The  limitations  of  the  Van  Slyke  method 
(7)  are  well  known  and  have  been  summarized  by  Richardson 
(5).  Its  application  to  insoluble  proteins  has  offered  additional 
difficulties  in  the  introduction  of  the  sample  into  the  reaction 
chamber  and  the  selection  of  the  tune  of  reaction.  Several 
means  for  solving  these  difficulties  have  been  suggested  ( 1 ,  2,  3,  6). 
Kanagy  and  Harris  (1)  have  shown  that  an  arbitrary  reaction 
time  may  not  give  the  correct  value  for  free  amino  nitrogen  in 
proteins  and  have  utilized  the  rate  of  evolution  of  amino  nitrogen 
to  determine  the  free  amino  nitrogen  present.  Rutherford, 
Harris,  and  Smith  ( 6 )  using  a  modified  Shepherd  gas  analysis 
apparatus  extended  this  method. 

It  seemed  worth  while  to  use  this  principle  with  an  apparatus 
that  was  simpler  and  more  adapted  to  routine  determinations. 
With  these  requirements  in  mind  an  accessory  reaction  chamber 
for  use  with  a  standard  manometric  Van  Slyke  apparatus  was 
designed  which  will  permit  introduction  of  large  samples  of  solid 
material,  removal  of  the  gas  evolved  at  stated  intervals,  and  easy 
cleaning  of  the  chamber  at  the  end  of  the  analysis.  The  cali¬ 
brated  Van  Slyke  extraction  chamber  is  used  only  for  measure¬ 
ment  of  the  nitrogen  evolved.  The  amino  nitrogen  content  of 
several  proteins  and  substituted  proteins  was  determined  with 
the  aid  of  the  auxiliary  chamber. 

Apparatus  and  Reagents 

Figures  1  and  2  show  the  details  of  the  auxiliary  chamber  and 
its  relation  to  the  Van  Slyke  apparatus.  The  chamber  was 
constructed  from  a  34/45  standard  taper  ground-glass  joint  and 


nounted  on  a  plate  fastened  to  the  extraction  chamber  carrier 
if  the  Van  Slyke  apparatus.  The  outer  top  half  was  constricted 
ind  sealed  to  a  three-way  1-mm.  bore  capillary  stopcock,  A 
itted  with  a  cup  and  a  bent  side  arm  similar  to  the  stopcock  of 
the  Van  Slyke  extraction  chamber.  The  inner  bottom  half  was 
ilso  constricted  and  sealed  to  a  piece  of  5-mm.  bore  heavy- 
vailed  tubing  long  enough  to  reach  the  pivotal  point  of  the  ex- 
traction  chamber  carrier.  A  yoke  was  fastened  to  each  half  of 
the  chamber,  and  two  connecting  springs  were  provided  to  keep 
the  chamber  together.  A  5-mm.  bore  stopcock,  B,  was  fastened 
to  the  base  of  the  Van  Slyke  apparatus  and  connected  to  the 
chamber  with  a  piece  of  heavy-walled  tubing.  A  250-cc.  leveling 
bulb  was  connected  to  B  through  a  length  of  heavy-walled  nitrom¬ 
eter  tubing  and  hung  in  one  of  two  rings  on  an  adjacent  ring- 
stand  Sufficient  mercury  to  fill  the  chamber  and  one  third  of 
the  leveling  bulb  was  added.  The  rings  were  arranged  in  such 
a  manner  that  with  the  bulb  in  the  lower  ring  the  mercury  level 
was  slightly  above  the  5-mm.  bore  tube  and  with  the  bulb  in 
the  upper  ring  the  level  was  10  cm.  above  the  top  of  the  chamber. 

The  reagents  used  are  a  solution  of  40  grams  of  sodium  nitrite 
in  50  cc.  of  water,  glacial  acetic  acid,  a  saturated  solution  of 
sodium  acetate,  and  capryl  alcohol.  Rutherford,  Harris,  and 
Smith  (6)  have  shown  that  addition  of  sodium  acetate  decreases 
the  size  of  the  blanks.  The  standard  manometric  Van  Slyke- 
Hempel  pipet  is  filled  with  a  solution  of  alkaline  permanganate 
consisting  of  50  grams  of  potassium  permanganate  and  2o  grams 
of  potassium  hydroxide  made  up  to  1  liter  with  water.  The 
vround-glass  joint  of  the  chamber  is  well  lubricated  with  a  stiff 
vacuum  grease  before  being  assembled.  The  samples  used  are 
all  ground  to  80-mesh  in  a  Wiley  micromill,  and  the  moisture 
content  is  determined  at  the  time  of  analysis.  The  amount  of 
Drotein  used  ranges  from  0.5  to  1  gram. 


Experimental  Procedure 

An  excellent  description  of  the  care  and  use  of  the  manometric 
Van  Slyke  apparatus  has  been  given  by  Peters  and  Van  Slyke 
U).  One  familiar  with  the  standard  manometric  amino  nitrogen 
determination  may  proceed  with  the  modified  method  as  follows . 
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seal  the  bore  of  A.  A  is  closed,  and  the 
mercury  level  in  the  chamber  is  lowered 
until  it  is  even  with  the  bottom.  B  is  then 
closed.  The  purified  nitrogen  in  the  Hempel 
pipet  is  transferred  to  the  calibrated  extrac¬ 
tion  chamber  and  measured  in  the  usual 
manner. 

Successive  samples  of  gas  are  removed  by 
the  same  procedure,  the  chamber  being 
shaken  for  10  minutes  just  prior  to  removal. 
The  most  effective  control  of  liquids  and 
gases  is  obtained  through  manipulation  of 
the  flow  of  the  mercury  through  B. 


Blank  determinations  were  run  in  a  similar 
manner,  the  protein  being  omitted.  Selected 
time  intervals  generally  were  10  minutes, 
30  minutes,  1  hour,  and  each  succeeding 
hour,  the  time  being  taken  from  the 
moment  the  sodium  nitrite  was  added  to 
the  mixture.  If  the  protein  clings  to  the 
walls  of  the  chamber  when  the  mercury  is 
lowered  after  a  sample  of  gas  has  been 
removed,  it  may  be  dislodged  by  shaking 
the  chamber  while  the  mercury  level  is  be¬ 
ing  lowered.  The  pressure  readings  obtained 
were  corrected  by  subtracting  a  blank  value 
for  a  similar  time  interval.  The  rate  curves 
were  obtained  by  plotting  the  total  amino 
nitrogen  liberated,  in  milligrams  per  gram 
of  dry  protein,  against  time.  Duplicate 
values  obtained  from  several  proteins, 
modified  proteins,  arginine,  and  a-benzoyl- 
arginine  amide  by  extrapolation  of  the 
secondary  portion  of  the  curve  to  zero  time 
are  given  in  Table  I. 


Discussion 


Figure  1. 


Ten  milliliters  of  water  are  admitted  to  the  calibrated  Van 
Slyke  extraction  chamber,  the  stopcock  is  closed,  and  the  mer¬ 
cury  is  set  at  the  50-ml.  mark.  The  top  of  the  auxiliary  chamber 
is  removed,  the  mercury  level  set  even  with  the  bottom  of  the 
chamber,  and  stopcock  B  closed.  The  weighed  sample  of  solid 
protein  is  introduced,  followed  by  2.0  ml.  of  glacial  acetic  acid, 
2.0  ml.  of  saturated  sodium  acetate  solution,  and  5  drops  of 
capryl  alcohol.  The  chamber  is  assembled,  and  the  bore  of 
stopcock  A  and  the  capillary  of  the  cup  are  filled  with  water. 
The  side  arm  of  A  is  connected  with  a  high-vacuum  pump,  the 
pump  started,  and  A  turned  to  connect  the  pump  with  the 
chamber.  The  evacuation  is  continued  for  2  minutes.  The 
chamber  is  shaken  throughout  this  period  to  facilitate  removal  of 
air  from  the  mixture  and  prevent  the  formation  of  a  cake.  The 
shaking  is  then  stopped,  A  is  closed,  and  the  vacuum  line  is  dis¬ 
connected. 

Four  milliliters  of  sodium  nitrite  solution  are  pipetted  into  the 
cup  and  run  into  the  chamber  by  turning  A,  care  being  taken  to 
admit  no  air.  The  cup  and  the  bore  of  the  stopcock  are  rinsed 
with  1  ml.  of  water,  and  the  chamber  is  shaken  5  to  15  minutes, 
depending  upon  the  amount  of  gas  evolved.  The  shaking  is 
then  discontinued  and  B  is  opened  to  admit  mercury  to  the 
chamber  at  an  even  rate.  The  leveling  bulb  is  raised  to  the  high 
ring  to  place  the  gas  in  the  chamber  under  positive  pressure.  A 
few  milliliters  of  water  are  placed  in  the  cup,  and  the  tip  of  a 
Hempel  pipet  is  pressed  in  place.  The  Hempel  stopcock  is 
turned  to  connect  the  tip  with  the  bulb,  B  is  closed,  and  A  is 
opened  wide.  B  is  then  slowly  opened,  admitting  mercury  to 
the  chamber  and  forcing  the  evolved  gas  into  the  Hempel  pipet. 
B  is  closed  when  the  reaction  mixture  is  even  with  the  bore  of  A. 
The  Hempel  stopcock  is  turned  to  the  off  position,  the  leveling 
bulb  placed  in  the  low  ring,  and  B  opened  and  then  closed. 
The  Hempel  stopcoc  k  is  turned  to  connect  the  cup  with  the  tip, 
and  B  is  opened  slowly,  allowing  the  gas  in  the  Hempel  capillary 
to  be  drawn  back  into  the  chamber  along  with  enough  water  to 


Determinations  were  run  in  duplicate,  and 
the  rate  curves  for  proteins  and  derivatives 
(Figure  3)  plotted  as  previously  described. 
The  ratio  of  amino  nitrogen  to  total  nitrogen 
was  plotted  against  time  for  arginine  and  a-benzoylarginine  amide 
(Figure  4).  The  determinations  were  reproducible  within  the 
same  limits  of  error  as  the  manometric  Van  Slyke  amino  nitrogen 
determination  (4).  The  values  for  the  free  amino  nitrogen  con¬ 
tent  of  the  proteins  and  derivatives  in  Table  I  were  found  by 
extrapolation  of  the  secondary  portion  of  the  rate  curve  to  zero 
time.  This  extrapolation  is  illustrated  by  the  gelatin  curve  in 
Figure  3.  The  values  can  also  be  determined  by  calculation, 
using  the  straight-line  equation: 

y  =  mx  +  b 


Table  I.  Free  Amino  Nitrogen  Content  of  Some  Proteins 
and  Derivatives  Determined  at  22-23  °  C. 


Substance 

Amino  Nitrogen 
(Duplicate  Determinations) 

Wool 

Mg./g.  dry  substance 

3.30  3.35 

Silk  (raw) 

2.90 

2.96 

Gelatin  (Eastman  Kodak  Co.) 

8.70 

8.74 

Zein  (Corn  Products  Refining  Co.) 

1.00 

Casein 

8.40 

8.35 

Benzoyl  casein0 

0.20 

0.18 

Desamino  casein0 

0.90 

1.00 

Arginine 

80.26 

80.2 

a-Benzoylarginine  amide 

0.0 

0.0 

°  Prepared  by  J.  L.  Wood  and  A.  P.  Swain  of  this  laboratory. 
6  Calculated,  80.4. 
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where  y  is  the  total  milligrams  of  nitrogen  per  gram  of  dry  protein 
obtained  in  time  x,  m  the  milligrams  of  nitrogen  obtained  per 
hour  when  the  rate  has  become  constant,  and  b  the  amount  of 
free  amino  nitrogen  initially  present. 

To  achieve  reproducible  results  and  a  rate  curve  capable  of 
analysis  by  these  methods,  it  is  important  to  prevent  the  forma¬ 
tion  of  aggregates  in  the  chamber  when  the  reagents  are  added. 
The  material  in  the  lumps  so  formed  is  not  readily  accessible  to 
the  action  of  the  reagents  and  consequently  evolves  nitrogen 
slowly.  The  rate  curve  plotted  from  the  values  obtained  in  this 
instance  has  no  definite  change  in  slope  and  cannot  be  extrapo¬ 
lated  in  the  usual  manner  to  obtain  an  amino  nitrogen  value. 
This  factor  of  aggregation  is  also  of  importance  when  the  solution 
of  a  protein  which  is  precipitated  under  the  conditions  of  the 
analysis  is  admitted  into  the  chamber.  Thus  the  curd  formed 
by  an  alkaline  casein  solution  gave  an  indecisive  rate  curve 
similar  to  those  obtained  when  aggregates  of  solid  material  were 
present.  The  use  of  a  finely  divided  casein,  well  shaken  to  pre¬ 
vent  the  formation  of  lumps,  obviated  this  difficulty.  An 
examination  of  the  curves  obtained  for  the  various  proteins 
shows  that  one  cannot  arbitrarily  select  any  reaction  time  that 
will  be  valid  for  different  substances  and  conditions  of  analysis. 
Once  the  technique  of  handling  this  modified  apparatus  is  ac¬ 
quired,  the  time  required  for  the  removal  and  measurement  of  a 
sample  of  gas — about  5  minutes — is  approximately  the  same  as 


Figure  2.  Diagram  of  Reaction  Chamber 


Figure  3.  Rates  of  Evolution  of  Nitrogen 
from  Various  Proteins 


Figure  4.  Rates  of  Evolution  of  Nitrogen 
from  Arginine  and  o-Benzotlarginine  Amide 


in  the  standard  Van  Slyke  determination.  Since  the  reaction 
chamber  is  easily  accessible  and  can  be  taken  apart,  it  can  be 
quickly  and  thoroughly  cleaned  at  the  end  of  each  determination. 

Summary 

A  simple  apparatus  for  the  routine  determination  of  amino 
nitrogen  of  insoluble  proteins  and  protein  derivatives  has  been 
described.  The  rate  of  evolution  of  amino  nitrogen  from  some 
insoluble  proteins  and  protein  derivatives  was  determined  with 
this  apparatus.  The  curves  obtained  by  plotting  the  amino 
nitrogen  content  against  time  are  similar  to  those  obtained  by 
Rutherford,  Harris,  and  Smith  ( 6 )  using  a  modified  Shepherd  gas 
analysis  apparatus. 
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Substitution  of  di-beta-naphthylthiocarbazone  for 
dithizone  in  the  extraction  of  zinc  from  solutions 
of  ashed  material  and  the  incorporation  of  other 
improvements  have  enabled  the  development  of 
colorimetric  and  polarographic  methods  possessing 
excellent  sensitivity  and  specificity.  The  substitu¬ 
tion  of  di-beta-naphthylthiocarbazone  for  dithi¬ 
zone  has  (1)  eliminated  partition  losses  occurring 
with  dithizone  in  the  pH  range  8.3  to  10.5;  (2) 
eliminated  the  loss  of  zinc  which  occurs  otherwise 
when  carbamate  is  used  as  complexing  agent  to 
remove  interfering  ions  in  the  extraction  solution; 
(3)  permitted  the  derivation  of  colorimetric  stand¬ 
ardization  curves  which  follow  Beer’s  law  over 
their  entire  range;  and  (4)  made  possible  the 
addition  of  carbamate  to  the  initial  extraction  step, 


a  procedure  which  allows  the  analyst  to  fix  the 
range  and  to  extract  zinc  in  sufficient  purity  to  be 
determined  either  colorimetrically  or  polaro- 
graphically. 

Substitution  of  0.2  /V  for  0.02  N  hydrochloric  acid 
permits  stripping  at  least  60  micrograms  of  zinc 
from  di-beta-naphthylthiocarbazone— carbamate- 
chloroform  solution  with  a  single  50-ml.  portion  of 
acid  while  eliminating  interference  by  copper, 
cobalt,  nickel,  mercury,  and  silver. 

The  colorimetric  method  of  estimation  is  recom¬ 
mended  for  determining  very  small  quantities  of 
zinc  in  samples  containing  no  cadmium.  When 
cadmium  is  present  or  when  the  quantities  of  zinc 
are  greater  than  0.05  mg.  per  10  ml.  of  solution,  the 
polarographic  method  is  recommended. 


A  NUMBER  of  analytical  methods  for  the  determination  of 
zinc  in  certain  specific  biological  and  related  materials  have 
been  developed  as  an  aid  to  the  study  of  the  physiological  effects 
of  zinc.  Of  these  the  most  successful  have  been  colorimetric  pro¬ 
cedures  employing  dithizone  ( 6 ,  7,  9,  10)  and  a  number  based  on 
polarographic  (8,  16,  18)  or  spectrographic  (15,  17)  analysis. 
Spectrographic  methods  employing  the  most  persistent  zinc  line 
at  2138  A.  possess  superior  specificity  but  lack  the  sensitivity  re¬ 
quired  for  general  biological  work  (5).  Polarographic  methods 
are  satisfactory  in  respect  to  sensitivity,  but  high  concentrations 
of  many  substances  which  are  reduced  at 
potentials  below  or  near  that  of  zinc  may 
affect  the  polarographic  wave  of  zinc. 

Colorimetric  methods  employing  dithizone 
are  extremely  sensitive  but  require  careful 
control  of  pH  and  prevention  of  the  interfer¬ 
ences  of  certain  ions  by  the  formation  of 
nonreactive  complexes.  Thus  far  no  reagent 
has  been  found  which,  when  used  with  di¬ 
thizone,  will  form  satisfactory  complexes  with 
interfering  ions  without  causing  some  loss  of 
zinc.  Through  the  use  of  these  colorimetric 
methods,  therefore,  reproducible  results  can 
be  obtained  only  by  a  rigid  control  of  con¬ 
ditions  to  ensure  uniform  losses  or  con¬ 
taminations. 

In  the  methods  described  in  this  paper 
losses  of  zinc  in  extraction  and  most  of  the 
difficulties  due  to  interfering  ions  are  elim¬ 
inated  by  employing  a  chloroform  solution 
of  di-beta-naphthylthiocarbazone  and 
aqueous  sodium  diethyldithiocarbamate  as 
the  extraction  agent.  By  the  use  of  this  ex¬ 
traction  agent  and  the  introduction  of  a 
number  of  other  improvements,  a  sensitive 
and  accurate  mixed-color  method  has  been 
developed.  The  initial  extraction  in  the 
colorimetric  procedure  provides  a  means  of 
concentrating  the  zinc  and  of  removing  it 


from  large  amounts  of  other  reducible  substances,  so  that  it  may 
be  determined  polarographically  over  a  greater  range  of  con¬ 
centrations  than  is  conveniently  done  by  colorimetric  means. 

Di-beta-naphthylthiocarbazone 

Di-beta-naphthylthiocarbazone  (DN)  is  an  analog  of  diphenyl- 
thiocarbazone  (dithizone).  Like  dithizone  it  forms  highly  colored 
complexes  with  many  metals.  Its  use  as  an  analytical  reagent 
was  first  suggested  by  Suprunovich  (19),  who  claimed  for  it  su¬ 
perior  sensitivity.  A  small  amount  of  this  reagent  was  synthe- 
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Figure  1.  Transmitt  ancy  Curves  of  Dithizone,  Di-beta-naphthyl¬ 
thiocarbazone,  and  Di-beta-naphthylthiocarbazone  Complex  of  Zinc  in 

Chloroform 

o.  Pure  DN  in  chloroform,  2  mg.  per  liter 
x.  Pure  dithizone  in  chloroform,  2  mg.  per  liter 
-.  Pure  DN  totally  converted  to  zinc  complex 
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sized  by  Hubbard  and 
used  for  the  determina- 
tion  of  mercury  in 
urine  (IS).  Since  that 
time  an  improved 
method  of  synthesis  has 
been  developed  whereby 
the  reagent  can  be  pro¬ 
duced  in  greater  purity 
and  in  a  yield  sufficient 
to  facilitate  more  com¬ 
plete  study  of  its  prop¬ 
erties.  This  method 
will  be  described  in  an¬ 
other  paper  (14). 

The  transmittancy 
curves  for  chloroform 
solutions  of  dithizone, 
of  di-beta-naphthylthio- 
carbazone,  and  of  the 
pure  zinc-di-beta- 
naphthy  lthi  ocarbazone 
complex  are  shown  in 
Figure  1.  Absorption 
of  the  pure  zinc  complex 
is  greatest  at  550  m/i,  in 
:ontrast  to  zinc  dithizonate  which  has  its  maximal  absorption 
it  535  m m  (6).  Similar  shifts  of  the  maxima  of  absorption  toward 
onger  wave  lengths  were  observed  forjthe  di-beta-naphthylthio- 
:arbazone  complexes  of  mercury,  lead,  and  bismuth  (IS).  A 
:omparison  of  the  transmittancy  curves  for  chloroform  solutions 
>f  di-beta-naphthylthiocarbazone  and  of  its  zinc  complex  shows 
,hat  there  are  two  regions  suitable  for  photometric  purposes 
>ne  at  550  mft  the  other  at  650  m/i.  An  appreciably  greater 
pread  between  the  two  curves  is  obtained  at  650  m/i  and  there- 
ore  greater  sensitivity  of  detection  is  possible  when  colorimetric 
neasurements  are  made  in  this  region.  This  increased  sensi- 
ivity  is  further  indicated  in  Figure  2,  which  shows  standard  zinc 
surves  for  the  same  concentration  range  obtained  at  the  two  wave 
engths. 


Figure  2.  Standard  Curves 
for  Estimation  of  Zinc 

2.5-cm.  cell 


Effect  of  pH  on  the  Efficiency  of  Zinc  Extraction 

The  partitions  between  the  aqueous  and  chloroform  phases  of 
the  zinc  complexes  of  dithizone  and  of  di-beta-naphthylthiocar¬ 
bazone,  occurring  at  various  pH  values,  are  illustrated  in  Figure  3. 

These  data  were  obtained  by  extracting  50  micrograms  of  zinc 
from  duplicate  sets  of  salt  buffer  solutions  at  various  pH  values, 
with  dithizone  and  di-beta-naphthylthiocarbazone.  The  salt 
buffer  employed  consisted  of  30  ml.  of  zinc-free  20  per  cent  am¬ 
monium  citrate  solution  and  5  ml.  of  a  stock  salt  solution  contain¬ 
ing  the  ions  found  in  solutions  of  ashed  biological  material.  The 
salt  solution  chosen  simulated  a  solution  of  ashed  urine  and  each 
5-ml.  portion  contained  the  ions  present  in  100  ml.  of  fresh  urine 
(3).  The  pH  was  adjusted  by  adding  either  zinc-free  ammonium 
hydroxide  or  hydrochloric  acid,  and  the  actual  pH  value  obtained 
was  determined  by  means  of  a  glass  electrode.  The  volume  of 
each  solution  was  brought  up  to  100  ml.  with  zinc-free  distilled 
water  before  its  extraction  with  the  dithizone  or  di-beta-naphthyl- 
thiocarbazone.  Extractions  were  carried  out  with  single  10-ml. 
portions  of  the  extraction  reagents,  which  were  of  such  strength 
as  to  contain  150  per  cent  in  excess  of  the  quantities  theoretically 
necessary  to  combine  with  the  zinc.  Each  solution  was  shaken 
for  1  minute  and  then  was  set  aside  for  a  short  time  to  permit  com¬ 
plete  separation  of  the  phases.  The  amount  of  zinc  in  each 
chloroform  phase  was  then  determined  colorimetrically  as  de¬ 
scribed  below. 


Figure  3  shows  that  there  is  a  decided  difference  in  the  extrac¬ 
tion  efficiencies  of  the  two  reagents.  At  a  value  of  pH  8.3  both 
reagents  extract  zinc  quantitatively.  As  the  pH  values  increase 
above  pH  8.5  there  is  a  marked  drop  in  the  efficiency  of  the  di¬ 


thizone  extraction,  while  that  of  di-beta-naphthylthiocarbazone 
remains  unimpaired  at  least  to  pH  10.5.  The  literature  contains 
a  few  data  on  the  partition  of  zinc  dithizonate  between  the  aque¬ 
ous  and  chloroform  phases,  but  these  are  not  in  agreement  with 
the  authors’  findings. 

Walkley  (20),  employing  a  citrate-sulfuric  acid-ammonium 
hydroxide  solution,  has  reported  unimpaired  efficiency  for  a  range 
of  values  from  pH  8.0  to  9.5  with  an  excess  of  dithizone  of  only 
37  per  cent.  In  Hibbard’s  investigation  (10)  of  the  effect  of  pH 
on  the  partition  of  zinc,  aqueous  solutions  were  extracted 
(strength  of  extraction  solution  not  given)  with  complete  re¬ 
covery  of  zinc  throughout  the  range  of  pH  from  7  to  10.  Wich- 
mann  (21)  has  given  a  hypothetical  curve  which  shows  complete 
extraction  from  pH  6.5  to  10,  but  has  made  no  claim  as  to  its 
accuracy,  since  it  had  been  drawn  so  as  to  be  analogous  to  the 
lead  extraction  curve  on  the  basis  of  fragmentary  information 
gleaned  from  the  literature.  Biefeld  and  Patrick  (2)  have  shown 
that  other  anions  have  a  profound  effect  upon  the  lead  partition 
in  dithizone  extraction  and  that  this  partition  is  also  affected 
by  the  strength  of  the  dithizone  solution  employed.  Both  of 
these  factors  account  for  the  discrepancies  between  the  authors’ 
results  and  those  of  Walkley  (20)  and  Hibbard  (10).  The  latter 
investigators  did  not  take  into  account  all  of  the  ions  present  in 
prepared  biological  specimens. 

The  authors’  use  of  the  salt  solution  buffer  creates  satisfactory 
conditions  with  respect  to  uniform  efficiency  of  extraction  for  ob¬ 
taining  comparable  and  accurate  results  in  the  routine  analysis 
of  a  wide  variety  of  biological  materials.  The  greater  excess  of 
dithizone  employed  in  their  method  also  tends  to  improve  the 
extraction  of  zinc  at  higher  pH  values.  These  strong  solutions 
are  necessary  to  offset  the  effect  of  extraneous  ions  in  the  aqueous 
phase.  The  latter  greatly  retard  the  rate  of  extraction,  so  that  a 
large  excess  of  dithizone  or  di-beta-naphthylthiocarbazone  must 
be  employed  to  convert  the  zinc  to  the  zinc  dithizonate  or  the  di- 
beta-naphthylthiocarbazone  complex.  As  the  pH  value  in¬ 
creases,  more  dithizone  dissolves  in  the  alkaline  phase  and  this 
causes  an  increased  solubility  of  zinc  dithizonate  in  the  same 
phase.  The  result  is  that  the  zinc  and  excess  dithizone  can  be 
removed  completely  from  alkaline  media  above  pH  8.0  only  by 
repeated  treatment  of  the  aqueous  phase  with  fresh  additions  of 
dithizone  followed  by  repeated  washing  with  pure  chloroform. 

The  insolubility  of  di-beta-naphthylthiocarbazone  in  alkaline 
aqueous  solutions  eliminates  the  necessity  for  critical  control  of 
the  pH  and  reduces  the  manipulations  required  to  extract  the 


Figure  3.  Effect  of  pH  on  Zinc  Partitions  When 
Dithizone  and  Di-beta-naphthtuthiocarbazone 
Extractions  Are  Made 
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zinc.  The  use  of  the  reagent  also  .limits  the  opportunities  for 
loss  of  zinc  to  the  mechanical  factor  of  entrainment  of  droplets  of 
the  chloroform  phase  in  the  solution  being  tested.  The  small 
amount  of  the  zinc— di-beta-naphthylthiocarbazone  complex  so 
held  in  the  test  solution  may  be  reclaimed  by  a  single  treatment 
with  pure  chloroform  or  by  the  addition  of  a  fresh  portion  of  di- 
beta-naphthylthiocarbazone  reagent  following  the  addition  of  the 
last  portion  of  di-beta-naphthylthiocarbazone  which  has  retained 
its  original  color.  The  fact  that  di-beta-naphthylthiocarbazone 
is  insoluble,  however,  makes  it  impossible  to  remove  the  excess  of 
the  reagent  and  therefore  only  “mixed  color”  colorimetric  meth¬ 
ods  are  applicable  when  di-beta-naphthylthiocarbazone  is  used  as 
the  extraction  agent. 

Elimination  of  Interferences 

Chloroform  solutions  of  di-beta-naphthylthiocarbazone  extract 
the  same  metals  as  dithizone  at  pH  8  and  therefore  other  metals 
beside  zinc  must  be  prevented  from  forming  colored  complexes. 
Sodium  diethyldithiocarbamate  added  to  the  aqueous  phase  has 
been  shown  to  be  effective  in  preventing  the  formation  of  dithi- 
zonates  of  all  metals  but  zinc  (6,  12).  However,  in  the  case  of 
dithizone,  carbamate  prevents  the  complete  extraction  of  zinc, 
the  addition  of  as  little  as  12.5  mg.  to  the  final  estimation  step  re¬ 
sulting  in  the  recovery  of  only  84  per  cent  of  the  zinc  known  to  be 
present  ( 6 ).  This  loss,  added  to  that  due  to  partition  of  zinc  di- 
thizonate  in  the  final  estimation  step,  results  in  standardization 
curves  which  do  not  obey  Beer’s  law  for  the  entire  range  of  0  to 
30  micrograms  of  zinc  ( 6 ).  Therefore,  when  dithizone  is  used, 
reproducible  results  can  be  obtained  only  by  strict  control  of  the 
conditions  of  the  procedure  in  handling  the  samples  and  stand¬ 
ards,  in  order  to  maintain  comparable  losses  of  zinc  in  both. 

The  use  of  di-beta-naphthylthiocarbazone,  on  the  other  hand, 
results  in  a  marked  improvement  in  the  extraction  of  zinc,  the 
extraction  being  complete  in  the  presence  of  even  50  mg.  of  carbam¬ 
ate.  Standardization  curves  obtained  with  this  reagent  show 
no  deviation  from  Beer’s  law  for  a  range  of  values  from  0  to  60 
micrograms  of  zinc  (Figure  2).  This  permits  the  addition  of 
carbamate  in  the  initial  extraction  step  as  well  as  in  the  final  esti¬ 
mation  step.  The  use  of  carbamate  with  di-beta-naphthylthio¬ 
carbazone  in  this  fashion  enables  the  analyst  to  fix  the  concen¬ 
tration  range  in  the  initial  extraction  step,  a  procedure  which  was 
not  possible  when  dithizone  was  used. 

Of  the  metals  which  react  with  carbamate,  copper,  nickel,  co¬ 
balt,  and  bismuth  (when  present  in  large  amounts)  have  chloro¬ 
form-soluble  colored  complexes  which  affect  the  final  estimation 
step  unless  they  are  removed.  (They  do  not  interfere  markedly 
with  the  determination  of  the  range  of  concentration  in  the  initial 
extraction  step.)  Fortunately,  the  carbamate  complexes  of 
nickel,  cobalt,  and  copper  which  may  enter  the  chloroform  phase 
are  also  insoluble  in  0.02  N  or  0.2  N  hydrochloric  acid,  and  there¬ 
fore  they  remain  in  the  chloroform  phase  when  the  latter  is 
treated  with  the  weak  acid.  The  bismuth-carbamate  complex  is 
not  quite  so  insoluble  as  the  above  metals,  and  a  small  quantity 
may  enter  the  acid  phase,  particularly  when  large  amounts  of  bis¬ 
muth  are  present.  When  less  than  100  micrograms  of  bismuth 
are  present,  however,  a  colored  chloroform-soluble  carbamate 
complex  is  not  obtained.  (Holland  and  Ritchie,  12,  also  failed  to 
obtain  a  colored  carbamate  complex  when  dealing  with  20  micro- 
grams  of  bismuth.)  Since  the  final  colorimetric  estimation  of 
zinc  is  carried  out  by  adding  sufficient  ammonia  to  the  acid  phase 
and  re-extracting  with  di-beta-naphthylthiocarbazone,  interfer¬ 
ence  by  the  small  amount  of  bismuth  which  may  have  been 
carried  along  with  the  zinc  is  inhibited  by  the  addition  of  more 
carbamate  at  this  point. 

Polarographic  (Figure  4),  spectrographic,  and  colorimetric 
studies  of  the  acid  wash  of  the  initial  di-beta-naphthylthiocarba- 
zone  extraction  fail  to  show  the  presence  of  copper,  nickel,  cobalt, 
and  mercury,  but  show  that  much  of  the  lead  and  cadmium  and 


a  small  amount  of  bismuth  are  carried  along  with  the  zinc.  The 
lead-carbamate  complex  is  colorless  and  therefore  it  does  not  in¬ 
terfere.  The  cadmium-carbamate  complex  is  also  colorless  (12), 
but  is  evidently  not  so  stable  as  the  others  and  some  of  it  (ap¬ 
proximately  10  per  cent)  decomposes  to  yield  cadmium  ions. 
These  combine  with  di-beta-naphthylthiocarbazone  to  give  a 
colored  complex  which  is  measured  along  with  the  zinc  complex. 
This  action  of  cadmium  has  also  been  reported  in  connection  with 
the  extraction  of  zinc  by  dithizone-carbamate  solutions  (6). 
Since  cadmium  is  rarely  found  in  biological  material,  the  inter¬ 
ference  will  occur  rarely,  and  in  such  instances,  analysis  must  be 
carried  out  by  polarographic  means.  Stannous  tin  and  thallium 
(thallous)  are  prevented  from  interfering  mainly  because  these 
metals  are  converted  to  the  inactive  higher  valent  forms  in  the 
procedures  employed  in  the  preparation  of  samples,  but  they  also 
form  colorless  complexes  with  carbamate  (12).  Examination  of 
spectra  of  the  solution  used  in  the  final  estimation  step  has 
failed  to  reveal  the  presence  of  tin  (which  may  be  present  fre¬ 
quently  and  in  large  amounts  in  samples)  or  of  thallium  (which 
is  rarely  present).  Silver,  encountered  occasionally,  in  the  feces 
and  in  cooked  foods,  does  not  interfere.  It  is  extracted  by  di- 
beta-naphthylthiocarbazone  from  alkaline  solution,  but  its  di- 
beta-naphthylthiocarbazone  complex  is  stable  in  weak  acid  and 
therefore  remains  in  the  chloroform  phase  when  the  latter  is 
shaken  with  0.2  N  hydrochloric  acid.  In  addition,  it  forms  a  col¬ 
orless  complex  with  carbamate,  so  that  any  silver  which  may 
enter  the  final  estimation  solution  in  this  form  does  not  interfere. 

In  analyzing  small  volumes  of  solutions  of  prepared  material 
of  high  ash  content,  some  difficulty  was  encountered  in  extracting 
zinc  unless  the  salt  concentration  was  reduced  by  dilution  with 
zinc-free  water.  For  this  reason  it  became  a  standard  procedure 
to  dilute  the  aliquot  to  100  ml.  with  water  before  extraction. 

It  was  also  found  that  a  single  treatment  of  the  initial  di-beta- 
naphthylthiocarbazone  extraction  solution  with  50  ml.  of  0.02  N 
hydrochloric  acid  was  insufficient  to  strip  the  zinc  completely 
from  the  chloroform  phase.  Two  factors  were  responsible  for 
this — the  presence  of  extraneous  salts  in  the  initial  di-beta- 


FlGURE  4.  POLAROGRAMS  SHOWING  EFFECTS  OF  CERTAIN 
Ions  on  Zinc  Estimation 
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naphthylthiocarbazone  extraction  solution  and  the  low  strength 
of  the  acid  employed.  The  first  factor  was  eliminated  by  wash¬ 
ing  the  initial  chloroform  phase  with  zinc-free  water,  and  the 
second  by  employing  0.2  N  hydrochloric  acid  in  place  of  the 
0.02  N  acid.  A  single  50-ml.  portion  of  the  0.2  N  acid  completely 
stripped  60  micrograms  of  zinc  and  yet  failed  to  extract  copper, 
cobalt,  nickel,  mercury,  or  silver.  When  the  0.02  N  acid  was 
employed  it  was  not  possible  to  strip  more  than  30  micrograms  of 
zinc  with  a  single  50-ml.  portion  of  the  acid. 

When  the  zinc  estimation  is  made  polarographically,  sub¬ 
stances  which  reduce  at  potentials  near  that  of  zinc  must  be  re¬ 
moved.  This  is  true  of  nickel  and  cobalt,  the  waves  of  which  may 
coalesce  with  the  zinc  wave  if  their  concentration  is  high.  The 
interference,  therefore,  is  of  a  quantitative  rather  than  a  qualita¬ 
tive  nature  and  any  substance  that  will  give  a  polarographic 
wave  below,  as  well  as  near  that  of  zinc,  will  also  interfere  if  pres¬ 
ent  in  high  concentration.  Figure  4  shows  a  number  of  these 
possible  interferences.  Here  it  may  also  be  seen  that  at  high 
recorder  sensitivities  the  amounts  of  these  reducible  substances 
must  be  diminished  sufficiently  to  permit  the  zinc  wave  to  appear 
on  the  chart.  The  initial  di-beta-napthylthiocarbazone  ex¬ 
traction  as  described  below  satisfactorily  removes  the  zinc  from 
iron,  copper,  nickel,  cobalt,  aluminum,  phosphate,  sulfate,  and 
most  of  the  bismuth  and  tends  to  reduce  the  quantities  of  lead 
and  cadmium  which  are  shaken  into  the  acid  phase  employed  for 
polarographic  estimation.  The  extraction  serves  also  to  concen¬ 
trate  the  zinc  into  small  volume,  thereby  permitting  greater  ac¬ 
curacy  in  the  analysis  of  materials  low  in  zinc. 

Procedures 

Preparation  of  Samples.  Samples  are  prepared  for  analysis 
by  a  combination  of  digestion  and  ashing  procedures.  The  sam¬ 
ple,  consisting  of  weighed  tissue  or  other  material  (10  to  20 
grams)  or  100  ml.  of  urine,  is  placed  in  a  200-ml.  glazed  silica 
evaporating  dish.  (When  not  in  use  the  dishes  are  immersed  in 
dilute  nitric  acid — 1  part  of  nitric  acid,  sp.  gr.  1.42,  to  1  part  of 
I  distilled  water — in  order  to  remove  surface  contamination.)  Ten 
milliliters  of  redistilled  nitric  acid  are  added  and  the  sample  is 
taken  to  dryness  on  a  hot  plate.  Organic  matter  is  destroyed  by 
igniting  the  sample  in  an  electric  muffle  furnace  maintained  at 
500°  C.  The  complete  destruction  of  organic  matter  may  be 
i  hastened  if  the  ash  is  treated  with  a  little  nitric  acid  from  time  to 
,  time,  evaporated  to  dryness,  and  replaced  in  the  muffle  furnace. 
The  clean  ash  is  taken  up  in  a  little  zinc-free  hydrochloric  acid  and 
triple-distilled  water.  Insoluble  residues  are  not  filtered  off  but 
are  carried  along  with  the  solution  through  the  extraction  steps. 

|  As  little  nitric  acid  should  be  employed  as  is  consistent  with  rapid 
i  ashing,  since  it  is  not  possible  to  free  this  reagent  of  zinc  by  dis¬ 
tillation  prior  to  its  use.  A  blank  analysis  must  be  run  with  each 
l  series  of  samples,  therefore,  in  order  to  correct  for  the  zinc  in  the 

reagents.  . 

Reagents.  Zinc-free  distilled  water  is  obtained  by  redistilling 
double-distilled  water  in  a  Pyrex  still. 

Zinc-free  ammonium  hydroxide.  Reagent  ammonium  hydrox- 
-  ide  is  distilled  into  triple-distilled  water  which  is  chilled  in  an  ice 
.  bath. 

Zinc-free  hydrochloric  acid  is  prepared  by  dropping  a  volume  of 
concentrated  sulfuric  acid  into  an  equal  volume  of  concentrated 
hydrochloric  acid  in  a  Pyrex  flask.  A  separatory  funnel,  its  stem 
extending  to  a  point  just  below  the  surface  of  the  hydrochloric 
acid,  is  used  for  this  purpose.  The  hydrogen  chloride  which  is 
evolved  is  carried  into  the  water  by  means  of  a  delivery  tube  ex¬ 
tending  to  a  point  just  below7  the  surface  of  the  triple-distilled 
water  kept  in  an  ice  bath.  The  strength  of  the  zinc-free  hydro¬ 
chloric  acid  is  obtained  from  standard  tables,  on  the  basis  of  the 
specific  gravity  as  determined  with  a  Westphal  balance.  From 
this  acid,  0.2  N  hydrochloric  acid  is  made  by  dilution  with  triple- 
distilled  water. 

Jfi  per  cent  ammonium  citrate  solution.  Four  hundred  grams 
of  citric  acid  are  dissolved  in  water  and  sufficient  ammonium 
hydroxide  is  added  to  make  the  solution  just  alkaline  to  thymol 
blue.  The  solution  is  made  up  to  1  liter  with  distilled  water. 
Before  use,  the  quantity  required  for  1  day  is  placed  in  a  large 
separatory  funnel,  and  is  diluted  with  an  equal  volume  of  water. 
This  20  per  cent  solution  is  then  shaken  with  a  di-beta-naphthyl- 
thiocarbazone  chloroform  solution  until  the  di-beta-naphthyl¬ 
thiocarbazone  retains  its  original  color. 


Carbamate  solution.  One  and  a  quarter  grams  of  sodium  di- 
ethyldithiocarbamate  are  dissolved  in  100  ml.  of  triple-distilled 
water;  1  ml.  =  12.5  mg.  of  carbamate.  (This  solution  must  be 
made  up  fresh  daily.) 

Extraction  and  standard  di-beta-naphthylthiocarbazone  solutions. 
DN  solution  1  (0  to  5  microgram  range).  Twenty  milligrams  are 
dissolved  in  1  liter  of  redistilled  chloroform  containing  10  ml.  of 
absolute  ethyl  alcohol. 

DN  solution  2  (0  to  50  microgram  range).  Two  hundred  milli¬ 
grams  are  dissolved  in  1  liter  of  redistilled  chloroform  containing 
10  ml.  of  absolute  ethyl  alcohol.  (Both  solutions  are  stored  in 
brown  bottles  and  are  kept  in  the  refrigerator  when  not  in  use.) 

Chloroform  Recovery.  Used  di-beta-naphthylthiocarba¬ 
zone  solutions  are  collected  in  glass-stoppered  amber  bottles  and 
the  chloroform  is  reclaimed  in  the  manner  described  by  Bambach 
and  Burkey  ( 1 ).  ,  A  „  , 

Apparatus.  Pyrex  ware  is  used  throughout.  Before  use,  ex¬ 
traction  funnels  should  be  rinsed  with  dilute  nitric  acid,  followed 
by  several  rinsings  with  distilled  water.  Squibb-type  separatory 
funnels  are  employed.  These  are  of  150-ml.  capacity  with  gradu¬ 
ations  at  5-,  10-,  and  all  subsequent  10-ml.  intervals  up  to  100  ml. 

The  densities  of  the  colored  solutions  used  in  the  zinc  estima¬ 
tion  were  obtained  with  a  photoelectric  spectrophotometer,  but 
any  photometer,  photoelectric  or  visual,  which  is  equipped  with  a 
suitable  filter  and  with  1-cm.  and  2.5-cm.  cells,  may  be  employed. 
Filters  with  maximum  transmission  at  either  550  or  6o0  m/j  are 


preferred. 

Polarographic  estimations  were  made  with  the  Leeds  &  North- 
rup  Electro-Chemograph. 

Initial  Extraction  Step.  The  entire  sample  or  a  suitable 
aliquot  is  placed  in  a  150-ml.  separatory  funnel.  To  this  are 
added  30  ml.  of  20  per  cent  ammonium  citrate  solution  and  i 
drops  of  0.1  per  cent  aqueous  thymol  blue,  followed  by  zinc-free 
ammonium  hydroxide  (sp.  gr.  0.9)  until  pH  9.5  is  reached.  Four 
milliliters  of  carbamate  solution  (50  mg.)  are  now  added  and 
zinc-free  water  to  the  100-ml.  mark,  and  the  solution  is  sha,ken  for 
1  minute  with  5  ml.  of  extraction  DN  solution  1.  [This  will  show 
whether  the  amount  of  zinc  is  less  than  5  micrograms  and  permit 
the  placing  of  the  range.  The  color  obtained  is  a  faint  violet 
(deeper  shades  of  red  indicate  more  than  5  micrograms)  but  some 
experience  is  necessary  to  recognize  the  range  definitely.]  live 
milliliters  of  extraction  DN  solution  2  are  added  and  the  mixture 
is  again  shaken  for  1  minute.  If  the  range  exceeds  5  micrograms, 
extractions  with  5-ml.  portions  of  the  stronger  solution  are  re¬ 
peated  until  the  last  portion  retains  its  original  bluish-green  color 
each  portion  being  drained  into  a  second  funnel  before  the  nex 
is  added.  (One  should  judge  the  color  while  shaking  the  solu¬ 
tion  since  the  differences  in  color  are  more  readily  discernible  in 
the  shaken  mixture  than  in  the  small  volume  of  the  chloroform 
nhase  )  The  collected  chloroform  extracts  are  now  washed  with 
a  50-ml.  portion  of  triple-distilled  water  and  are  drained  into  an¬ 
other  funnel.  . 

Di-beta-naphthylthiocarbazone  entrained  in  the  aqueous  phase 
is  removed  by  shaking  the  latter  with  one  or  two  5-ml.  portions  of 
pure  chloroform,  which  are  also  added  to  the  washed  chloroform 
phase.  The  chloroform  solution  (or  an  aliquot  containing  not 
more  than  50  micrograms  of  zinc)  is  now  shaken  with  50  ml.  of  0.2 
N  hydrochloric  acid  and  after  the  phases  have  been  allowed  to 
separate,  the  chloroform  phase  is  discarded.  Entrained  dl-b®ta- 
naphthylthiocarbazone  is  then  removed  from  the  hydrochloric 
acid  by  one  or  two  washings  with  5-ml.  portions  of  pure  chloro¬ 
form  The  0  2  N  hydrochloric  acid  contains  all  of  the  zinc  freed 
of  copper,  nickel,  cobalt,  iron,  mercury,  silver  phosphates  alu¬ 
minum,  sulfates,  and  most  of  the  bismuth  and  may  be  used  for 
either  polarographic  or  colorimetric  estimation  of  the  zinc. 

Colorimetric  Estimation  Step.  In  another  separatory  fun¬ 
nel  45  ml.  of  ammonium  hydroxide  solution  [50  ml  of  zinc-free 
ammonium  hydroxide  (sp.  gr.  0.90)  diluted  to  1000  ml.  with  zinc- 
free  water  and  stored  in  the  refrigerator  when  not  in  use]  and  1 
ml.  of  carbamate  (12.5  mg.)  are  shaken  with  5  ml.  of  extraction 
DN  solution  1.  (This  treatment  serves  as  a  precautionary  meas¬ 
ure  to  remove  zinc  which  may  have  been  taken  up  from  the  glass 
by  the  weak  ammonia  during  storage.)  The  DN  extract  is  dis¬ 
carded  and  the  ammonia  solution  is  washed  once  with  o  ml.  o 
pure  chloroform,  which  is  also  discarded.  Chloroform  floating 
on  the  surface  of  the  ammonia  solution  is  allowed  to  evaporate 
or  its  removal  is  hastened  by  swirling  the  funnel  and  applying 
suction.  The  weak  carbamate-ammonia  mixture  is  then  added 
to  the  funnel  containing  the  0.2  N  hydrochloric  acid  extract  of 
the  zinc,  from  which  floating  chloroform  has  been  removed  as 
just  described.  The  contents  of  the  funnel  are  then  mixed  and 
the  solution  is  shaken  for  1  minute  with  10  ml.  of  the  proper  ex 
traction  DN  solution  (DN  solution  2  for  the  0  to  50  microgram 
range  and  DN  solution  1  for  the  0  to  5  microgram  range). 
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Table  I.  Recoveries  of  Zinc  Added  to  Synthetic  Urine 

Ash  (3) 

(Samples  correspond  to  100  ml.  of  urine) 

Zinc  Recovered 
by  Colorimetric 

Zinc  Added 

Zinc  Found 

Method 

Micrograms 

Micrograms 

Micrograms 

0 

2.2 

0 

2.2 

1 

3.0 

0.8 

1 

3.2 

1.0 

5 

7.0 

4.8 

5 

7.0 

4.8 

30 

33.0 

30.8 

30 

32.0 

29.8 

50 

52.0 

49.8 

50 

52.0 

49.8 

500 

500 

498 

500 

490 

488 

(In  the  presence 

Table  II.  Recoveries  of  Zinc 

of  other  metals  which  form  DN  complexes.  Samples 

Zinc  Added, 

correspond  to  100  ml.  of  urine) 

Zinc  Recovered 

Other  Metals  Added,  bv  Colorimetric 

Micrograms 

100  Micrograms  of  Each 

Method,  Micrograms 

0 

Hg,  Pb,  Cu,  Bi 

0 

0 

Hg,  Pb,  Cu,  Bi 

0 

50 

Hg,  Pb,  Cu,  Bi 

50 

50 

Hg,  Pb,  Cu,  Bi 

51  (polarograph  53) 

50 

Hg,  Pb,  Cu,  Bi,  Co,  Cd 

62  (polarograph  51) 

For  the  estimation  of  0  to  5  micrograms  of  zinc,  5  ml.  of  the 
DN  extract  are  run  quantitatively  into  a  25-ml.  glass-stoppered 
cylinder  and  the  volume  is  made  up  to  25  ml.  with  pure  chloro¬ 
form.  A  2.5-cm.  cell  is  then  filled  and  the  density  of  the  solution 
is  obtained  at  either  550  or  650  mp. 

When  the  0  to  50  microgram  range  is  used,  5  ml.  of  the  DN  ex¬ 
tract  are  diluted  to  100  ml.  with  chloroform  and  the  density  of  the 
solution  is  obtained  in  a  1-cm.  cell. 

The  amount  of  zinc  present  is  then  determined  from  standard 
curves  (Figure  2)  obtained  by  carrying  known  amounts  of  zinc 
in  0.2  N  hydrochloric  acid  through  the  final  colorimetric  estima¬ 
tion  step. 

Polarographic  Estimation.  The  0.2  N  hydrochloric  acid 
extract  obtained  at  the  end  of  the  initial  extraction  step  is  trans¬ 
ferred  to  a  beaker  of  suitable  size  and  is  then  evaporated  to  a 
volume  of  1  to  2  ml.  After  cooling,  the  acidity  of  the  solution  is 
adjusted  until  it  is  just  acid  to  methyl  red  (zinc-free  ammonia  and 
0.2  N  hydrochloric  acid)  and  the  solution  is  transferred  to  a  glass- 
stoppered  10-ml.  Pyrex  graduated  cylinder,  the  volume  being 
made  up  to  10  ml.  with  distilled  water.  A  portion  of  this  solu¬ 
tion  is  placed  in  a  polarograph  cell,  and  after  oxygen  has  been 
removed  from  the  solution  by  bubbling  tank  nitrogen  through  it 
for  5  minutes,  the  polarogram  is  obtained  from  —0.8  to  —1.3 
volts.  The  zinc  wave  occurs  at  —1.1  volts  (empirical,  uncor¬ 
rected)  and  its  size  is  a  measure  of  the  concentration  of  the  zinc 
in  the  solution.  The  quantity  of  zinc  present  in  the  10-ml.  vol¬ 
ume  is  obtained  by  reading  the  value  for  the  zinc  step  from  a 
calibration  curve  obtained  by  treating  known  quantities  of  zinc 
in  0.2  N  hydrochloric  exactly  as  was  done  for  the  sample.  Curves 
are  derived  for  a  number  of  recorder  sensitivities  at  constant  tem¬ 
perature  and  with  a  constant  mercury  drop  rate.  Recorder  sen¬ 
sitivities  of  Vs,  Vio,  and  V«o  will  permit  the  determination  of  quan¬ 
tities  of  zinc  varying  from  5  micrograms  to  1  or  more  milligrams 
per  10  ml.  of  solution. 

Two  other  methods  for  evaluating  polarograms  may  be  used. 
The  first  method,  employing  an  internal  standard  (4),  has  been 
found  to  be  very  accurate  and  eliminates  the  need  for  control  of 
temperature,  drop  rate,  or  composition  of  the  solution  in  the  cell. 
In  this  method,  1  ml.  of  a  cadmium  solution  (1  ml.  =  0.06  mg.) 
is  added  to  the  beaker  containing  the  residual  of  the  0.2  N  acid 
evaporation.  There  is  no  change  in  the  remainder  of  the  proce¬ 
dure  except  that  the  polarograms  are  obtained  from  —0.5  to  —1.3 
volts.  The  ratio  of  the  length  of  the  zinc  step  to  that  of  the  cad¬ 
mium  (—0.72  volt  empirical,  uncorrected)  is  then  read  from  cali¬ 
bration  curves  obtained  by  analyzing  known  amounts  of  zinc  in 
the  same  manner.  Obviously,  the  sample  must  be  free  from 
cadmium  when  this  method  is  employed. 

The  other  method,  known  as  the  standard  addition  method 
(11),  is  very  convenient  for  use  in  the  analysis  of  occasional 
samples,  since  it  eliminates  the  need  for  the  derivation  and  oc¬ 
casional  checking  of  calibration  curves.  A  polarogram  is  taken 
of  a  definite  known  volume  of  the  test  solution.  After  the  addi¬ 
tion  of  a  known  volume  of  a  standard  zinc  solution,  the  polaro¬ 


gram  is  repeated  and  the  concentration  of  the  test  solution  is  ob¬ 
tained  from  Hohn’s  formula  (11): 


Concentration  of  unknown 


XvC, 

x(V  +  v)  +  Xv 


where  X 
x 

C. 

V 

v 


length  of  original  step 

increased  length  due  to  addition  of  the  standard 
concentration  of  standard  solution 
original  volume  of  unknown  in  cell 
volume  of  standard  solution  added 


Reliability  of  the  Methods 

In  Table  I  are  recorded  the  recoveries  obtained  by  the  colori¬ 
metric  procedure  when  known  amounts  of  zinc  were  added  to  5- 
ml.  portions  of  a  simulated  urine  salt  stock  solution  (3)  and  the 
resultant  samples  were  carried  through  the  entire  procedure,  in¬ 
cluding  the  ashing  step.  The  recoveries  show  no  loss  of  zinc 
when  samples  are  ignited  at  500°  C.,  nor  does  any  loss  result  from 
the  use  of  nitric  acid  as  ashing  agent.  The  blank  of  2.2  micro- 
grams  shown  in  the  table  is  due  principally  to  the  use  of  the  nitric 
acid. 

In  Table  II  are  listed  recoveries  for  known  amounts  of  zinc 
added  to  the  stock  urine  salt  solution  (samples  equivalent  to- 
100  ml.  of  urine)  which  contained  in  addition  100  micrograms 
each  of  mercury,  copper,  lead,  and  bismuth.  Also  shown  is  a 
zinc  recovery  for  a  solution  containing  100  micrograms  each  of 
mercury,  bismuth,  cadmium,  copper,  cobalt,  and  lead.  The 
high  result  in  this  case  is  due  to  the  presence  of  the  cadmium. 
The  polarograms  in  Figure  4  were  obtained  with  a  portion  of  the 
0.2  N  acid  extract  of  this  last  preparation.  These  polarograms 
fail  to  show  the  presence  of  copper  and  cobalt  and  demonstrate 
that  the  lead,  cadmium,  and  a  small  amount  of  bismuth  are 
carried  into  the  acid  extract.  The  polarographic  recovery  of  zinc 
in  the  presence  of  the  above-mentioned  metals  was  satisfactory, 
as  may  be  seen  from  the  value  indicated  in  the  figure  and  from 
Table  II. 

In  Table  III  results  obtained  by  the  polarographic.  and  colori¬ 
metric  methods  of  analysis  of  typical  materials  are  compared. 
The  results  obtained  by  the  two  methods  are  in  satisfactory 
agreement. 


Application  of  the  Methods 

These  methods  have  been  applied  primarily  to  the  analysis  of 
biological  material,  but  they  can  be  applied  to  other  materials  aa 
well.  They  have  also  been  used  to  determine  zinc  in  electrolytic 


Table  III.  Comparison  of  Findings  by  Colorimetric  and 
Polarographic  Estimation 

Zinc  Found 

Material  Colorimetric  method  Polarographic  method 

Mg.  per  £J,-hour  sample 

Feces  (1368)  10.5  10.5 

Feces  (1379)  11.8  11.3 


Mg.  per  liter 


Urine  (680) 
Urine  (1523) 
Urine  (1529) 


0.30  0.31 
0.20  0.22 
0.35  0.34 


Mg.  per  duplicate  sample  of  food  consumed  in  t\~ 
hour  period 


Food  (1465)  6.4  6.4 

Food  (1503)  8.25  8.25 


Mg.  per  100  grams  of  tissue  (human) 


Cerebellum  (790)  0.70  0.65 

Lung  (792)  0.65  0.70 

Pancreas  (794)  1.07  1.05 

Kidney  (798)  1.25  1.15 

Blood  (1958)  0.45  0.48 

Blood  (1972)  0.49  0.49 

Mg.  per  10  cu.  meter  of  air  (in  brass  foundry) 

Air  (10)  16.4  17.0 

Air  (11)  11.9  11.9 
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precipitator  samples  of  foundry  atmospheres  and  for  the  analysis 
of  street  dusts.  They  should  be  readily  adaptable  to  the  analysis 
of  pharmaceuticals  and  soil  samples. 

Either  method  can  be  used  conveniently  over  a  wide  range  of 
concentrations,  but  the  great  sensitivity  of  the  colorimetric 
method  makes  it  the  one  of  choice  when  the  quantity  of  zinc 
present  is  known  to  be  very  small.  Relatively  large  amounts 
can  be  handled  more  conveniently  by  polarographic  means.  The 
latter  method  is  also  more  convenient  when  only  occasional 
samples  need  be  handled  and  is  superior  when  cadmium  is  known 
to  be  present.  Another  point  in  favor  of  the  polarographic 
method  is  its  superiority  whenever  it  may  be  desirable  to  deter¬ 
mine  lead,  bismuth,  and  cadmium  as  well  as  zinc  in  the  material 
under  investigation.  In  such  cases  carbamate  should  not  be 
added  in  the  initial  extraction  step. 
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Determination  of  Copper  in  Cast  Iron 
by  Direct  Microelectrolysis 

WILLIAM  M.  MacNEVIN  AND  RAYMOND  A.  BOURNIQUE1,  The  Ohio  State  University,  Columbus,  Ohio 


This  investigation  of  micromethods  for  the  electro¬ 
lytic  determination  of  copper  in  nitric  acid  solu¬ 
tions  of  cast  iron  includes:  the  use  of  different 
kinds  of  apparatus  and  techniques;  the  effects  of 
other  metals;  the  effect  of  nitric,  sulfuric,  and 
perchloric  acids;  the  effect  of  insoluble  siliceous 
and  graphitic  residues;  the  molybdenum  inter¬ 
ference;  and  the  error  in  sampling.  A  recom¬ 
mended  procedure  is  given. 


THE  discovery  of  important  technical  properties  in  copper- 
iron  alloys  U)  bas  created  a  new  interest  in  a  rapid  and 
accurate  method  of  analysis  for  copper.  Previously  this  was 
not  a  simple  procedure  but  involved  one  or  more  preliminary 
chemical  separations  of  the  copper,  followed  by  electrolysis  or 
other  method  of  determination  (5,  6,  9).  The  chemical  separa¬ 
tion,  in  addition  to  being  slow,  was  of  questionable  accuracy  un¬ 
less  extreme  care  was  applied. 

Various  reasons  are  given  (2)  for  the  necessity  of  separating 
other  metals,  particularly  iron,  from  copper  before  it  can  be  satis¬ 
factorily  determined  by  electrolysis.  (1)  If  much  iron  is  present 
with  the  copper  either  the  voltage  used  is  not  great  enough  to  de¬ 
posit  all  of  the  copper  or,  if  it  is,  some  iron  usually  deposits  as  well. 
(2)  If  nitric  acid  is  present,  the  following  phenomenon  frequently 
occurs  (S).  By  the  time  most  of  the  copper  has  been  deposited, 
the  solution  will  have  acquired  a  brown  color  and  then  the  brown 
color  will  suddenly  disappear,  accompanied  by  a  rapid  solution  of 
the  copper.  Further  increasing  the  voltage  will  not  redeposit 
the  copper.  This  effect  has  been  attributed  to  the  oxidizing  ef¬ 
fect  of  ferric  ions,  nitric  acid,  ferric  nitrate,  and  oxides  of  nitrogen. 
(3)  Molybdenum,  if  present,  deposits  on  the  cathode  as  oxide. 

All  the  variations  described  above  have  been  observed  when 
conducting,  on  a  macro  scale,  the  electrolysis  of  copper  in  nitric 
acid  solutions  containing  much  iron.  Preliminary  experiments 

i  Present  address,  Westinghouse  Electrio  &  Manufacturing  Co.,  Pitts¬ 
burgh,  Penna. 


showed  that  most  of  the  difficulties  disappeared  when  the  deter¬ 
mination  was  carried  out  with  microapparatus  and  enough 
sample  to  give  0.3  to  2  mg.  of  copper. 

This  suggested  the  present  investigation  of  micromethods  for 
the  electrolytic  determination  of  copper  in  nitric  acid  solutions  of 
cast  iron.  There  have  been  studied:  (a)  the  use  of  different 
kinds  of  apparatus  and  techniques ;  (b)  the  effects  of  other  metals ; 
(c)  the  effect  of  nitric,  sulfuric,  and  perchloric  acids ;  (d)  the  effect 
of  insoluble  siliceous  and  graphitic  residues;  (e)  the  molybdenum 
interference;  and  (J)  the  error  in  sampling. 

Samples 

A  number  of  solutions  containing  various  amounts  of  alloying 
metals  were  prepared  in  order  to  study  the  individual  effect  of 
each  metal.  After  the  method  was  developed  it  was  tested  with 
fifteen  samples  of  cast  iron  or  steel  containing  varying  amounts 
of  copper.  These  samples  are  described  in  Table  I  and  are  re¬ 
ferred  to  below  according  to  number. 


Table  I.  Composition  of  Samples  Analyzed 


auipm 

No. 

Type 

%  Cu 

%  Cr 

1 

Cast  iron 

8.41 

4.62 

2 

Cast  iron 

8.04 

(?) 

3 

Cast  iron 

7.38 

2.85 

4 

Cast  iron0 

6.44 

2.18 

5 

Cast  iron 

5.96 

6 

Cast  iron 

3.12 

7 

Cast  iron 

3.05 

8 

Cast  iron 

2.05 

9 

Cast  iron 

1.91 

10 

Cast  iron 

1.50 

o '.  6  i  8 

11 

Cast  iron& 

1.44 

12 

Cast  iron 

1.09 

1.0 

13 

Cast  iron 

0.38 

o'.  26 

14 

Carbon  steelc 

0.267 

15 

Chrome- 

vanadium 

steel 

(0.22%  V) 

0.13 

1.03 

“  Bureau  of  Standards  sample  115. 
6  Bureau  of  Standards  sample  5g. 
c  Bureau  of  Standards  sample  35a. 


%  Ni 

%  c 

%  Si  %  Mn 

%  Mo 

20.20 

2.56 

1.96 

1.22 

lY.  32 

2.36 

1 !  82 

Cos 

15.98 

2.42 

1.60 

1.01 

3.0 

2.0 

2.8 

2.0 

3.8 

1.9 

1A6 

6.5 

i'o 

3.4 

0.11 

1.8 

1.2 

0.2 

2.90 

\'.i 

i!i’ 

6 . 5 

o’.i3 

2.86 

1.84 

0.61 

1.0 

6^25 

C03 

O’ 39 

O’ 345 

0.28 

0.292 

0.21 

0.50 
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Table  II.  Electrolysis  of  Synthetic  Samples 

(5-ml.  aliquots,  HaSOt  +  trace  of  HNO3) 
Mean 

No.  of 

Weight 

Av. 

Theoretical 

Aliquots 

of  Cu 

Deviation 

Weight 

Solution  Run 

Observed 

from  Mean 

of  Cu 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

Cu  12 

1.391 

0.015 

1.398 

-0.007 

Cu  4 

1.492 

0.015 

1.502 

-0.010 

Cu-Fe  4 

1.388 

0.006 

1.398 

-0.010 

Cu-Ni  7 

1.410 

0.007 

1.398 

+  0.012 

Cu-Cr  2 

1.413 

0.000 

1.398 

+  0.015 

Cu-Fe-Ni-Cr-Mn  6 

1.382 

0.017 

1.398 

-0.016 

Table  III.  Electrolysis  in  Sulfuric  Acid 

(5-ml.  aliquots,  B.  of  S.  sample  115,  6.44%  Cu) 
No.  of  Mean  Av.  Theoretical 

Aliquots  Weight  Deviation  Weight 

Sample 

Run 

of  Cu 
Mg. 

from  Mean 
Mg. 

of  Cu 

Mg. 

Error 

Mg. 

B.  of  S.  cast  iron 

in  H2SO4 

8 

1.292 

0.005 

1.291 

+0.001 

+  1  ml.  of  HNOs 

1 

1.291 

1.291 

0.000 

+  2  ml.  of  HNOi 

1 

1.275 

1.291 

-0.016 

4*  4  ml.  of  HNO3 

1 

1.288 

1.291 

-0.003 

+  5  ml.  of  HNO3 

1 

1.291 

1.291 

0.000 

Apparatus 

All  the  early  work  was  done  with  the  Pregl  (8)  apparatus.  A 
separate  study  was  first  made  by  the  authors  (7)  on  the  precision 
of  the  microelectrolytic  determination  of  copper.  In  doing  so  the 
Pregl  and  Hermanee-Clarke  (1)  electrolytic  cells  were  compared. 
Results  with  the  Pregl  cell  varied  more  than  could  be  accounted 
for  and  were  generally  lower  than  with  the  Hermanee-Clarke 
apparatus.  In  the  latter  cell  the  solution  was  drained 
through  a  stopcock  with  continuous  addition  of  wash  water, 
thereby  maintaining  the  circuit  until  washing  was  complete. 
With  this  apparatus  1  to  2  mg.  of  copper  could  be  deposited  from 
7  to  10  ml.  of  nitric  or  sulfuric  acid  solution  with  an  accuracy  of 
±0.01  mg.,  a  figure  that  has  been  used  in  the  present  work  as  the 
accuracy  which  may  be  expected  when  no  interferences  occur. 

The  Hermanee-Clarke  cell  was  slightly  modified.  The  sur¬ 
rounding  water  jacket  was  omitted  and  the  cell  made  slightly 
larger  to  accommodate  10  to  12  ml.  of  solution.  Otherwise  the 
electrodes,  electrode  support,  and  air  stirrer  were  the  same. 

For  smaller  percentages  of  copper,  samples  13, 14,  and  15,  it  was 
necessary  to  use  larger  weights  of  samples.  In  order  to  avoid  too 
high  a  concentration  of  other  metals  the  solution  of  the  sample 
was  diluted  to  about  50  ml.  and  a  correspondingly  larger  cell  was 
used.  It  was  constructed  on  the  principle  of  the  Clarke  cell  but 
with  a  funnel-shaped  top  to  hold  the  extra  solution.  In  such  an 
apparatus  all  the  solution  circulates  intimately  between  the  elec¬ 
trodes. 

The  apparatus  was  equipped  with  voltmeter  and  ammeter  with 
suitable  resistances  for  changing  the  applied  voltage. 

The  microbalance  used  was  a  Sartorius,  air-damped  type  with 
protected  beam.  Its  sensitivity  was  1.35  micrograms  per  divi¬ 
sion. 

General  Procedure 

No  unusual  precautions  were  taken.  Air  was  bubbled  through 
the  solution  at  a  rate  of  2  to  3  bubbles  per  second.  Cathodes 
were  cleaned  in  hot  dilute  nitric  acid,  washed  with  water  and 
alcohol,  dried  at  105°  C.  for  5  minutes,  and  allowed  to  stand  5 
minutes  before  weighing.  Bone-tipped  forceps  were  used  in 
handling  the  cathodes.  Current  and  voltage  were  kept  as  nearly 
constant  as  possible  during  each  electrolysis. 


Effects  of  Other  Metals 

In  preliminary  work  with  alloys,  results  of  wide  variability 
and  poor  accuracy  were  obtained,  but  with  synthetic  solutions 
containing  copper  and  other  metals  corresponding  in  concentra¬ 
tion  to  the  samples  of  cast  iron  described  in  Table  I,  the  results 
(Table  II)  agreed  well  with  the  0.01-mg.  precision  obtained  with 
solutions  containing  only  copper.  The  slightly  low  results 
whenever  iron  was  present  are  not  regarded  as  significant.  This 


comparison  was  made  in  solutions  containing  sulfuric  acid  with 
only  a  trace  of  nitric,  because  it  is  well  known  that  copper  can  be 
deposited  from  such  a  solution  without  interference.  Deviation 
from  theory  could  then  be  attributed  to  the  effect  of  other  metals. 

Effects  of  Nitric,  Sulfuric,  and  Perchloric  Acids 

It  is  usually  recommended  that  copper  be  electrolyzed  from  a 
sulfuric  acid  solution.  This  is  inconvenient  because  the  sample 
must  first  be  dissolved  in  an  oxidizing  acid  which  is  then  re¬ 
moved  by  evaporation.  The  effect  of  nitric  acid  was  therefore 
determined  by  comparing  (Table  III)  the  results  using  sulfuric 
acid  solutions  with  those  containing  various  additions  of  nitric 
acid.  The  absence  of  any  trend  in  the  presence  of  nitric  acid 
is  apparent.  Without  any  nitric  acid,  however,  the  evolution 
of  hydrogen  gas  is  excessive  and  produces  a  spotty  deposit. 

When  nitric  acid  alone  was  used  the  results  were  equally  good. 
In  one  set  of  experiments  (Table  IV)  a  copper  solution  was  com¬ 
pared  with  one  containing  copper  and  iron,  as  a  check  on  the  fre¬ 
quent  statement  in  the  literature  that  low  results  are  obtained 
with  nitric  acid  solutions  containing  much  iron. 

In  the  second  set  of  experiments  in  nitric  acid  the  copper  was 
determined  in  a  cast  iron.  The  results  here  (Table  V)  were 
slightly  high  (compare  Table  III,  aliquots  in  sulfuric  acid),  which 
may  in  part  be  due  to  a  slight  amount  of  carbon  and  silica  which 
was  not  filtered  from  the  individual  samples. 

Finally,  perchloric  acid  was  tried  as  a  solvent  for  the  sample. 
The  rate  of  solution  of  the  sample  was  notably  slower  and  evolu¬ 
tion  of  hydrogen  was  excessive  during  electrolysis.  Some  blis¬ 
ters  and  cavities  were  observed  microscopically  on  the  deposit. 
When  a  small  addition  of  nitric  acid  was  made,  gas  evolution  di¬ 
minished  greatly  and  the  deposit  was  clear.  The  results  ob¬ 
tained  (Table  VI)  have  as  good  precision  as  those  from  sulfuric 
or  nitric  acid. 


Table  IV.  Electrolysis  in  Nitric  Acid 

(Synthetic  samples,  5-ml.  aliquots) 


Mean 

Av. 

No.  of 

Weight 

Devia¬ 

Theoretical 

Aliquots 

of  Cu 

tion  from 

W  eight 

Solution 

Run 

Observed 

Mean 

of  Cu 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

Cu 

7 

2.024 

0.004 

2.027 

-0.003 

Cu-Fe 

7 

1.997 

0.005 

2.003 

-0.006 

Table  V.  Electrolysis  in  Nitric  Acid 

(Hermanee-Clarke  apparatus.  Individual  samples  Bureau  of  Standards 
cast  iron  115,  6.44%  Cu) 


Sample  Weight 

Weight  of  Cu 

Theoretical 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

30.394 

1.978 

1.957 

+  0.021 

30 . 946 

1.993 

1.993 

0.000 

35.947 

2 . 355 

2.315 

+  0.040 

34.073 

2.203 

2.194 

+0.009 

29.617 

1.934 

1.906 

+  0.028 

29.950 

1.957 

1.929 

+  0.028 

28.499 

1.856 

1.835 

+  0.021 

37.388 

2.407 

2.408 

-0.001 

Table  VI.  Electrolysis  in  Perchloric  Acid 


(5-ml.  aliquots, 

B.  of  S.  ( 

cast  iron  115 

,  6.44%  Cu) 

No.  of 

Mean 

Av. 

Theoretical 

Aliquots 

Weight 

Deviation 

Weight 

Error 

Solvent  Run 

of  Cu 

from  Mean 

of  Cu 

Mg. 

Mg. 

Mg. 

Mg. 

HCIO4  +  3-minute 

boiling  3 

1.246 

0.003 

1.292 

-0.046 

HCIO,  +  15-minute 

boiling  5 

1.290 

0.005 

1.292 

-0.002 

HClOi  +  15-minute 

boiling  2 

1.282 

0.003 

1.292 

-0.010 
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Effect  of  Insoluble  Residues 

It  was  apparent,  through  most  of  the  work,  that  results  with 
aliquot  samples  tended  to  be  lower  and  in  better  agreement  with 
the  theoretical  than  with  individual  samples.  In  the  latter  case, 
any  insoluble  residue  of  silica  and  graphite  was  not  filtered  out  but 
was  added  to  the  cell,  in  order  to  avoid  filtration  and  consequent 
excessive  volumes.  When  aliquot  sampling  was  employed,  the 
siliceous  residue  usually  settled  before  samples  were  taken.  It 
was  suspected,  however,  that  some  suspended  silica  or  graphite 
was  being  coprecipitated  with  the  copper;  therefore  several  ex¬ 
periments  were  made  to  check  this  point.  Clear  solutions  were 
compared  with  those  in  which  the  suspension  was  purposely 
maintained  at  a  maximum  (Table  VII).  It  is  apparent  that  high 
results  may  be  due  to  this  effect.  In  separate  experiments  it  was 
found  that  results  were  excessively  high  if  the  sample  was  ground 
unusually  fine.  In  an  effort  to  overcome  this  effect  without  the 
necessity  for  filtering  or  allowing  the  suspensions  to  settle,  addi¬ 
tions  of  gelatin  and  other  organic  reagents  were  made  with  the 
purpose  of  changing  any  charge  on  the  solid  matter  and  perhaps 
affecting  its  attraction  by  the  cathode.  Such  attempts  have  been 
without  success  so  far.  The  coprecipitation  may  therefore  be 
largely  a  mechanical  effect. 

Interference  by  Molybdenum 

Molybdenum  when  present  was  found  to  deposit  on  the  cathode 
as  the  iridescent  black  sesquioxide,  even  at  voltages  as  low  as  2.2 
volts.  A  solution  of  phosphoric  acid  or  ammonium  bifluoride 
prevented  this.  With  bifluoride,  however,  a  brownish  precipitate 
formed  on  the  cathode  and  additional  nitric  acid  was  necessary. 


Table  X.  Determination  of  Copper  in  Individual  Samples 
of  Steels  and  Cast  Irons 


Approximate 

Av. 

Sample 

No.  of 

Sample 

Deviation 

Av.  Cu 

Theoretical 

No. 

Samples 

W  eight 

from  Mean 

Observed 

Cu 

Mg. 

Mg. 

% 

% 

1 

12 

20-24 

0.008 

8.44 

8.41 

2 

4 

20-23 

0.007 

7.98 

8.04 

4 

6 

20-26 

0.016 

6.45 

6.44 

5 

4 

21-23 

0.002 

6.07 

5.96 

9 

4 

40-43 

0.012 

1.98 

1.91 

Table  XI.  Determination  of  Copper  in  Aliquot  Samples 
of  Steels  and  Cast  Irons 


Weight  of 

Av.  Deviation 

Sample 

No.  of 

Sample  per 

from  Mean 

Av.  Cu 

Theoretical 

No. 

Aliquots 

Aliquot 

Weight  of  Cu 

Observed 

Cu 

Mg. 

Mg. 

% 

% 

1 

2 

20 

0.005 

8.43 

8.41 

2 

8 

20 

0.003 

7.98 

8.04 

3 

4 

20 

0.005 

7.43 

7.38 

4 

20 

0.005 

6.48 

6.44 

8 

20 

0.011 

6.05 

5 . 96 

6 

4 

25-40 

0.004 

3.15 

3.12 

9 

2 

40 

0.004 

1.99 

1.91 

11 

4 

40-100 

0.010 

1.52 

1 .44 

12 

5 

50-80 

0.008 

1.04 

1.09 

13 

2 

80 

0.003 

0.40 

0.38 

14 

2 

200 

0.020 

0.27 

0.27 

15 

2 

200 

0.000 

0.13 

0.13 

For  a  5-ml.  aliquot  sample,  1.5  ml.  of  85  per  cent  phosphoric  acid 
or  0.2  gram  of  bifluoride  plus  0.5  ml.  of  nitric  acid  was  needed  in 
order  to  prevent  the  deposition  of  molybdenum.  A  voltage  of 
2.5  volts  was  sufficient.  Three  samples  of  copper-molybdenum 
cast  irons  were  analyzed  with  this  modification  (Table  VIII). 


Table  VII.  Effect  of  Silica  and  Graphite 


(Sample  1.  Best  chemical  value,  8.41%  Cu.  Nitric  acid  solution,  5-ml. 

aliquots) 


Mean 

Weight 

Theoretical 

No.  of 

of  Cu 

W  eight 

Solution 

Aliquots 

Observed 

of  Cu 

Error 

Mg. 

Mg. 

Mg. 

1. 

Clear 

6 

1.713 

1.684 

+0.027 

1. 

SiC>2,  C  suspended 

1 

1.749 

1.684 

+0.065 

2. 

Clear  (?) 

4 

1.773 

1.726 

+0.003 

2. 

SiC>2,  C  suspended 

3 

1.837 

1.726 

+0.078 

3. 

Clear 

3 

1.689 

1.685 

+0.004 

4. 

Clear 

2 

1.714 

1.707 

+0.007 

Table  VIII.  Determination  of  Copper  in  Molybdenum  Cast 

Iron 


Sample 

Theoretical 

Observed 

No. 

Mo 

Reagent 

Cu 

Cu 

% 

% 

% 

10 

0.5 

NH1IIF2 

1.50 

1.47 

NH4HF2 

1.50 

7 

0.5 

H3PO4 

3.05 

3.06 

NH4HF2 

3.01 

8 

0.2 

H3PO4 

2.05 

2.07 

NH4HF2 

2.04 

Table  IX.  Analysis  of  Sifted  Samples 

Sample 

Weight 

Weight  of  Cu 

Sieve  Size 

Observed 

Theoretical 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

>20-me8h 

21.03 

1.774 

1.769 

+  0.005 

20.77 

1.748 

1.747 

+0.001 

22.09 

1.845 

1.858 

-0.013 

19.92 

1.680 

1.676 

+  0.004 

20-40 

20.74 

1.753 

1.744 

+  0.009 

22.39 

1.888 

1.882 

+0.006 

22.60 

1.921 

1.900 

+0.021 

21.08 

1.771 

1.773 

-0.002 

<40 

24.34 

2.063 

2.047 

+0.016 

22.80 

1.918 

1.917 

+  0.001 

21.40 

1.810 

1.800 

+0.010 

23.58 

2.014 

1.983 

+0.031 

Sampling  Error 

The  sampling  error  is  not  important  if  samples  as  large  as  20  to 
40  mg.  of  20-mesh  or  finer  material  are  used.  Samples  were 
sifted  and  prepared  in  three  sizes:  coarser  than  20-mesh,  between 
20-  and  40-mesh,  and  finer  than  40-mesh.  Several  determinations 
were  made  on  each  of  the  sifted  samples.  The  results  shown  in 
Table  IX  indicate  that  individual  sampling  under  these  condi¬ 
tions  is  not  a  serious  cause  of  error. 

Recommended  Procedure 

Prepare  a  solution  in  the  necessary  solvent,  using  enough 
sample  so  that  each  5  ml.  will  contain  0.3  to  2  mg.  of  copper. 
The  sample  should  also  contain  0.3  to  0.5  ml.  of  70  per  cent  nitric 
acid.  If  the  sample  contains  molybdenum  add  0.15  ml.  of  85  per 
cent  phosphoric  acid.  Filter  through  a  sintered-glass  micro 
funnel  into  the  electrolytic  cell,  rinse,  and  make  up  the  volume  to 
9  to  10  ml.  Add  3  drops  of  95  per  cent  ethyl  alcohol  to  eliminate 
spray,  adjust  the  air  stream  used  for  stirring  to  2  to  3  bubbles  per 
second,  and  electrolyze  at  2.5  to  2.8  volts  for  20  minutes.  Add 
20  to  30  mg.  of  urea,  rinse  down  the  cell  walls,  and  continue 
electrolysis  for  another  5  minutes.  Slowly  drain  the  cell,  adding 
wash  water  simultaneously  until  the  current  has  dropped  to  zero. 
Do  not  allow  the  voltage  to  exceed  3.5  volts  during  this  opera¬ 
tion.  Withdraw  the  cathode,  rinse  with  alcohol,  dry  for  5  min¬ 
utes  at  110°  C.,  cool  5  minutes,  and  weigh. 

Table  X  gives  a  summary  of  results  obtained  in  this  way  using 
individual  samples.  Table  XI  shows  similar  results  using  ali¬ 
quot  samples. 

Discussion  and  Summary 

The  successful  electrolytic  separation  of  copper  from  iron  in 
the  presence  of  nitric  acid  is  attributed  to  the  continuous  removal 
of  oxides  of  nitrogen  by  the  stream  of  air  used  for  stirring  the 
solution.  Nitric  acid,  which  is  the  most  commonly  used  solvent, 
therefore  need  not  be  removed  before  carrying  out  the  electroly- 
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sis.  Some  nitric  acid  is,  of  course,  desirable  since  the  nitrate  ions 
prevent  excessive  evolution  of  hydrogen  gas  which  would  cause 
a  blistered  deposit.  Sulfuric  and  perchloric  acids  do  not  inter¬ 
fere  with  the  deposition. 

The  deposits  obtained  according  to  the  recommended  proce¬ 
dure  are  firm  and  free  from  blisters.  Qualitative  tests  have 
shown  them  to  be  free  from  iron. 

The  principal  interfering  metal  commonly  present  is  molyb¬ 
denum,  which  deposits  with  the  copper  as  the  iridescent  black 
oxide.  This  is  satisfactorily  avoided  by  addition  of  phosphoric 
acid  or  of  ammonium  bifluoride  and  some  extra  nitric  acid. 
Tungsten  is  ordinarily  considered  an  interfering  element,  but 
since  it  is  removed  as  the  insoluble  oxide  after  the  sample  has 
been  treated  with  nitric  acid,  it  does  not  affect  the  electrolysis. 
Carbon  and  silica  have  been  found  embedded  in  the  deposit  and 
the  deposits  were  notably  heavy  in  the  cases  where  these  insol¬ 
uble  materials  were  left  suspended  in  the  solution  of  the  sample. 
Simple  filtration  through  a  fritted  glass  microfilter,  as  part  of  the 
process  of  transferring  the  sample  to  the  electrolytic  cell,  has 
eliminated  this  difficulty. 

The  precision  of  the  separation  of  0.3  to  2  mg.  of  copper  from 
aliquot  samples  of  solution  of  copper  containing  steels  and  cast 
irons  is  of  the  order  ±0.01  mg.  This  value  is  only  slightly  larger 
when  individual  samples  are  analyzed,  showing  that  sampling  is 
not  a  serious  problem. 


The  time  required  for  depositing  0.3  to  2  mg.  of  copper  under 
the  conditions  described  in  this  paper  is  not  in  proportion  to  the 
time  required  for  macro  amounts  of  copper,  but  is  relatively 
greater.  Although  it  has  not  been  possible  to  shorten  the  time  to 
less  than  25  to  30  minutes,  the  procedure  is  definitely  more  rapid 
than  those  employing  chemical  separations. 
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Microdetermination  of  Glycolic  and  Oxalic  Acids 

VINCENT  P.  CALKINS,  Biochemical  Laboratory,  State  University  of  Iowa,  Iowa  City,  Iowa. 


A  quantitative  colorimetric  micromethod  for  gly¬ 
colic  acid  has  been  devised  from  a  sensitive  qualita¬ 
tive  spot  test  based  on  the  color  produced  with 
2,7-dihydroxynaphthalene  in  acid  solution.  The 
same  reaction  may  be  employed  for  the  quantita¬ 
tive  microdetermination  of  oxalic  and  glyoxylic 
acids  after  reduction  with  powdered  magnesium. 
Glycolic  acid  appears  to  be  an  intermediate  prod¬ 
uct  in  the  oxidation  of  ascorbic  to  oxalic  acid. 

FOR  use  in  a  study  of  the  stabilizing  action  of  ascorbic  acid 
in  certain  fats  ( 2 ),  a  micromethod  for  the  quantitive  estima¬ 
tion  of  oxalic  acid  was  sought.  Oxalic  acid  is  a  postulated  oxida¬ 
tion  product  of  ascorbic  acid  (I)  and  might  be  the  substance 
ultimately  responsible  for  its  antioxygenic  action.  On  con¬ 
trolled  reduction  with  powdered  magnesium,  oxalic  acid  yields 
glycolic  acid  (3). 

This  paper  describes  the  application  of  a  color  test  for  glycolic 
acid  to  the  microestimation  of  glycolic  and  oxalic  acids.  By  a 
suitable  modification  glyoxylic  acid  can  also  be  determined,  since 
it  is  likewise  reduced  to  glycolic  acid  with  powdered  magnesium 
(3).  When  glyoxylic  acid  is  present  with  oxalic  acid  in  the  same 
solution,  the  latter  can  be  removed  by  precipitation  from  neutral 
solution  by  gypsum  water. 

When  a  solution  of  glycolic  acid  reacts  with  a  solution  of  2,7- 
dihydroxynaphthalene  in  concentrated  sulfuric  acid,  a  violet-red 
color  is  produced  on  heating;  according  to  Eegriwe  (3),  who  first 
described  this  reaction,  the  color  probably  depends  on  the  con¬ 
densation  of  formaldehyde,  split  off  from  the  glycolic  acid,  with 
dihydroxynaphthalene  to  form  tetrahydroxydinaphthylme thane; 
this  colorless  product  is  then  gradually  oxidized  to  a  deep  red  dye¬ 
stuff.  None  of  the  more  common  organic  acids  interfered  with 
the  test,  including  formic,  acetic,  oxalic,  succinic,  tartaric,  citric, 
benzoic,  and  salicylic. 


Color  measurement  is  made  on  a  calibration  curve  prepared 
from  known  solutions  of  glycolic  acid  and  read  in  a  Coleman 
spectrophotometer  at  530  m^  or  a  Klett-Summerson  photo¬ 
electric  colorimeter  with  filter  No.  52.  Figure  1  shows  the 
spectral  transmittance  curve  of  several  concentrations  of  glycolic 


Wave  Length,  Millimicrons 

Figure  1.  Spectral  Transmission  Curve 
Micrograms  of  glyoolic  acid:  A,  40;  B,  20;  C,  10;  D,  5 
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acid.  The  calibration  curves  of  glycolic  acid  (logarithmic)  and 
of  oxalic  acid  were  both  straight  lines  within  the  ranges  used. 

Determination  of  Glycolic  Acid 

The  solution  to  be  analyzed  should  be  2  A  with  sulfuric  acid 
and  should  contain  not  over  100  micrograms  of  glycolic  acid  per  ml. 
Into  a  15-ml.  conical  glass-stoppered  centrifuge  tube,  0.2  ml.  of 
this  solution  is  introduced  with  a  serological  pipet,  and  2  ml.  of 
0.01  per  cent  solution  of  2,7-dihydroxynaphthalene  in  concen¬ 
trated  sulfuric  acid  are  added  from  a  microburet,  the  tube  being 
kept  in  a  cold-water  bath  during  the  addition  of  the  reagent. 
The  mixture  is  made  homogeneous  by  rotating  the  tube  between 
the  hands,  and  the  tube  is  then  placed  in  a  boiling  water  bath  for 
20  minutes,  removed,  and  allowed  to  cool  to  room  temperature. 
After  cooling,  the  solution  is  diluted  with  4  ml.  of  2  A  sulfuric 
acid  and  shaken,  lightly  at  first,  until  the  heat  of  reaction  has 
subsided.  The  solution  is  made  homogeneous  by  vigorous  shak¬ 
ing  and  the  color  is  then  read. 

The  method  is  very  flexible;  after  the  color  has  been  formed, 
practically  any  dilution  volume  can  be  used  if  it  is  preferable  to 
reduce  the  sensitivity  of  the  method  so  that  higher  concentrations 
of  glycolic  acid  can  be  determined.  Even  the  volume  of  test 
solution  can  be  changed  within  narrow  limits. 


Determination  of  Oxalic  Acid 

This  differs  from  the  preceding  only  in  that  to  the  original 
sample  as  measured  out  (0.2  ml.  of  a  2  A  sulfuric  acid  solution 
containing  not  more  than  200  micrograms  of  oxalic  acid)  5  mg.  of 
powdered  magnesium  are  added;  after  rotating  between  the 
palms  of  the  hands,  the  tube  is  allowed  to  stand  for  an  hour. 
Then  with  the  tube  in  cold  water,  2  ml.  of  the  dihydroxynaph- 
thalene  solution  are  added,  and  after  being  made  homogeneous, 
the  solution  is  heated  on  the  boiling  water  bath  for  20  minutes, 
removed,  and  allowed  to  cool  to  room  temperature.  It  is  then 
diluted  with  4  ml.  of  2  A  sulfuric  acid,  mixed,  and  the  color  is 
measured. 

The  calibration  curve  shows  that  Beer’s  law  is  obeyed  from 
0  to  200  micrograms  of  oxalic  acid,  and  even  with  this  range  the 
method  is  sensitive  at  low  concentrations  (0  to  20  micrograms). 
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Micromethod  for  Estimation  of  Sulfonamides 

Semipermanent  Color  Standards 

S.  W.  LEE  AND  N.  B.  HANNAY 
Wallace  Laboratories,  Inc.,  New  Brunswick,  N.  J. 


AS  A  supplement  to  the  method  for  sulfonamide  determina- 
J\_  tion  previously  reported  ( 1 ),  a  simple  procedure  has  been 
worked  out,  using  color  standards  prepared  from  easily  avail¬ 
able,  water-soluble  dyes.  It  is  felt  that  this  modification  will 
be  of  use  especially  in  areas  remote  from  laboratory  facilities. 
Acceptable  accuracy  has  been  obtained  to  blood  levels  of  15  mg. 
per  cent  (for  sulfathiazole).  By  averaging  the  results  of  several 
observers,  it  was  found  that  the  error  (for  sulfathiazole)  was 
±0.5  mg.  per  cent  to  levels  of  about  6  mg.  per  cent,  and  ±1  mg. 
per  cent  at  higher  levels  to  15  mg.  per  cent. 

The  advantages  of  the  parent  micromethod  have  been  retained, 
though  the  procedure  has  been  simplified.  The  number  of 
manipulations  and  the  required  apparatus  are  minimal. 

The  volume  of  blood  needed  (0.3  ml.)  may  be  taken  from 
the  finger  tip,  if  the  hand  of  the  patient  has  been  vigorously 
washed  to  remove  traces  of  the  sulfa  drug.  Flat-bottomed  10- 
ml.  vials  (18  X  46  mm.),  calibrated  for  the  purpose  of  the 
method,  are  to  be  preferred  to  centrifuge  or  test  tubes. 

The  standards  of  known  sulfonamide  concentration  may  be 
made  from  any  of  the  sulfonamides,  and  the  values  for  the  others 
obtained  by  using  molecular  weight  corrections.  The  values 
obtained  for  sulfathiazole  may  be  multiplied  by  0.68  to  convert 
to  values  for  sulfanilamide,  while  those  for  sulfapyridine  are 
the  same  as  for  sulfathiazole. 

Procedure.  The  same  reagents  and  procedure  are  used  as  in 
the  parent  method  (7),  but  only  the  blood  and  precipitating 
solution  volumes  need  be  measured  with  accuracy.  The  nitrite 
and  dye  solution  (2  drops  or  0.1  ml.)  may  be  added  from  a 
dropper.  Comparisons  of  the  tubes  from  the  determinations 
with  the  standards  are  made  visually,  always  using  vials  of 
uniform  shape.  It  was  noted  that  the  eye  best  measures  the 
intensities  of  transmitted  light  if  the  absorbing  substances  be 
held  1  to  3  cm.  from  the  eye.  One  should  look  through  the 
solution. 

Color  Standards  for  Comparisons.  Semipermanent  fuch- 
sin-methyl  violet  color  standards  were  prepared  as  follows: 


Acid  fuchsin  (0.100  gram)  was  dissolved  in  250  ml.  of  distilled 
water,  and  this  was  diluted  1  to  8  with  water,  giving  a  solution 
containing  0.00005  gram  in  1  ml.  Methyl  violet  (0. 100  gram)  was 
dissolved  in  250  ml.  of  water,  and  2  ml.  of  this  solution  were  made 
up  to  250  with  water  (0.0000032  gram  in  1  ml.).  These  so  u- 
tions  were  mixed  and  diluted  as  shown  in  Table  I  to  give  color 
intensities  corresponding  to  the  indicated  amounts  of  sulfa¬ 
thiazole. 


Table  I.  Preparation  of  Color  Standards 


Standard 

Fuchsin 

Solution 

Methyl  Violet 
Solution 

Water 

Mg.  % 

Ml. 

Ml. 

Ml. 

2 

0.9 

9.1 

36.0 

3 

0.9 

9.1 

25.3 

4 

0.9 

9.1 

19.0 

5 

0.9 

9.1 

14.7 

6 

0.9 

9.1 

11.2 

7 

0.9 

9.1 

8.8 

8 

0.9 

9.1 

7.0 

9 

0.9 

9.1 

5 . 4 

10 

0.9 

9.1 

3.9 

11 

0.9 

9.1 

2.9 

12 

0.9 

9.1 

2.1 

Several  combinations  of  red  and  violet  water-soluble  dyes  gave 
shades  almost  identical  to  that  of  the  azo  color  formed  in  the  re¬ 
action.  Colors  were  matched  with  the  eye.  The  dye  combina¬ 
tion  is,  of  course,  bleached  by  sunlight,  and  those  in  use  lasted  for 
about  a  month.  Standards  should  be  kept  in  the  dark  when  not 
in  use.  Stronger  solutions  of  the  dyes  keep  longer  than  the  weak 
ones,  and  may  be  kept  for  subsequent  diluting. 
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Microdetermination  of  the  Formyl  Group 

JOSEPH  F.  ALICINO,  Squibb  Institute  for  Medical  Research,  New  Brunswick,  N.  J. 


WHILE  the  microdetermination  of  the  acetyl  group  is  now 
widely  used,  little  attention  has  been  paid  to  analysis  of  the 
formyl  radical.  Usually  identification  of  the  formyl  derivative 
by  means  of  carbon  and  hydrogen  analysis  is  sufficient,  but  in 
certain  critical  eases  an  analysis  of  another  constituent  may  be 
desirable. 

The  acetyl  determination  should  be  valid  for  all  volatile  acyl 
groups,  but  since  no  reference  to  the  application  of  this  method 
to  the  formyl  group  was  found  in  the  literature,  this  determination 
was  studied. 

Because  it  was  felt  that  the  reducing  properties  of  formic  acid 
might  serve  to  distinguish  it  from  the  other  volatile  acids,  the 
question  of  whether  formic  acid  and  bromine  react  quantitatively 
in  0.01  N  solutions  was  investigated.  It  was  found  that  the  for¬ 
myl  group  can  be  determined  under  the  same  conditions  as  the 
acetyl  group.  The  determination  can  be  made  specific  by  treat¬ 
ing  the  distilled  formic  acid  with  an  excess  of  bromine. 

Formic  acid  solution,  0.01  N,  was  prepared  and  standardized 
by  means  of  excess  potassium  iodate  and  potassium  iodide,  and 
0.01  N  bromine  solution  was  prepared  and  standardized  by  titra¬ 
tion  of  iodine  from  potassium  iodide.  This  solution  must  be 
stored  in  a  refrigerator  and  its  factor  checked  frequently.  An 
excess  of  the  bromine  solution  was  added  to  a  measured  amount 
of  formic  acid  in  a  stoppered  flask  and  shaken  thoroughly,  and 
after  5  minutes  the  excess  bromine  was  determined  (Table  I). 


Table  I.  Determination  of  Formic 

Acid 

0.0102  N 
Formic  Acid 

0.00982  N 
Bromine 
Solution 

Calculated 

Excess 

Observed 

Excess 

Difference 

Ml. 

Ml. 

Ml. 

Ml. 

Ml. 

10.00 

15.00 

4.61 

4.58 

+0.03 

10.00 

15.00 

4.61 

4.64 

-0.03 

10.00 

15.00 

4.61 

4.57 

-0.04 

5.00 

10.00 

4.81 

4.82 

+0.01 

5.00 

10.00 

4.81 

4.78 

-0.03 

5.00 

10.00 

4.81 

4.77 

-0.04 

Table  II.  Determination  of  Formyl 

Formyl  Found 

Formyl  Found 

as  Formic 

as  Reducing 

Formyl 

Substance 

Acid 

Agent 

Calculated 

% 

% 

% 

Triformyl  cholic  acid 

17.19 

17.30 

17.33 

17.68 

Diformyl  desoxycholie  acid 

12.56 

12.66 

12.43 

12.94 

Cholesteryl  formate 

7.01 

6.88 

7.25 

7.00 

S-Benzyl-iV-formyl-df-cysteine 

12.38 

12.15 

S-B  enzyl-iV-f  ormyl-d-cysteine 

12.20 

12.05 

12.15 

S-Benzyl-lV-formyl-f-cysteine 

12.15 

12.20 

12.15 

Methyl  formaniline 

21.36 

21.32 

21.48 

^  Determinations  were  run  according  to  the  Elek-Harte  method 
for  acetyl  (2)  on  several  formyl  derivatives  whose  purity  was 
checked  by  melting  point  and  carbon  and  hydrogen  analysis 
(Table  II).  In  a  few  instances  where  there  was  available  mate¬ 
rial,  the  modified  method  using  the  liberated  formic  acid  as  a  re¬ 
ducing  agent  was  followed.  It  was  observed  and  substantiated 
by  the  senior  author  (1)  that  correction  for  the  amount  of  sulfur 
dioxide  liberated  from  the  saponifying  agent  is  seldom  necessary, 
if  the  procedure  is  carefully  controlled.  Therefore,  freshly  dis¬ 
tilled  water  can  be  used  in  the  receiver  where  there  is  a  question 
of^the  nature  of  the  acid  group.  In  this  case,  the  distillate  is 
quantitatively  transferred  to  a  stoppered  flask,  the  properly  pre¬ 
pared  bromine  solution  is  quickly  added  in  excess,  and  the  excess 
is  titrated  as  described.  If  both  formyl  and  acetyl  may  be  pres¬ 


ent,  a  total  acid  titration  should  first  be  performed,  preferably  on 
a  separate  sample  or  on  an  aliquot  of  the  distillate. 
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Pipetting  Apparatus 

W.  G.  SCHNEIDER,  Mallinckrodt  Chemistry  Laboratory, 
Harvard  University,  Cambridge,  Mass. 

URING  a  recent  research,  it  was  necessary  to  withdraw 
accurately  aliquots  of  2  and  3  cc.,  respectively,  from  a  two- 
phase  liquid  system  containing  3  cc.  of  aqueous  solution  and  4  cc. 
of  a  chloroform  solution.  The  solute,  whose  concentration  in  each 
of  the  two  phases  was  to  be  determined,  was  highly  toxic.  In 
addition  to  the  hazards  involved  in  carrying  out  the  operation  by 
the  usual  pipetting  technique,  it  was  difficult  to  obtain  a  clean 
separation  of  the  layers.  The  apparatus  described  below,  while 
originally  designed  to  fill  these  needs,  has,  because  of  its  simplicity 
and  ease  of  operation,  been  found  extremely  useful  for  all  pipet¬ 
ting  operations,  and  particularly  for  pipetting  strong  acids  and 
bases,  toxic  liquids,  and  volatile  solvents.  The  apparatus  pro¬ 
vides  smooth,  accurate  control,  and  the  speed  of  pipetting  is  com¬ 
parable  to  that  by  the  usual  technique. 

The  brass  cylinder,  B  (2.5  cm.,  1  inch,  in  inside  diameter),  re¬ 
ceives  a  threaded  brass  plug,  A  (threaded  surface  2.5  cm.,  1  inch, 
long);  16  threads  per  inch  have  been  found  convenient.  The 
capacity  of  the  cylinder  assembly  is  25  cc.  Pyrex  capillary 
tubing  (2-mm.),  joined  to  the  opposite  end  of  the  cylinder 
by  means  of  a  suitable  cement  (Shawinagan  resin,  Picein,  or 
De  Khotinsky  cement) ,  is  sealed  to  a  glass  bulb,  C,  of  25-cc.  capacity, 
and  the  latter  joined  to  a  further  length  of  capillary  tubing  as 

shown  in  the  diagram.  D  is  a  No. 

1  one-holed  stopper  which  receives 
the  pipet.  About  30  cc.  of  glycerol 
are  introduced  into  the  apparatus; 
air  trapped  in  B  can  be  removed  by 
holding  the  apparatus  on  its  right 
side  and  turning  up  plunger  A. 
The  glycerol  besides  lubricating  the 
threaded  surface  acts  as  a  conven-  j 
ient  air  block,  making  the  apparatus 
airtight. 

To  operate  the  apparatus,  the 
pipet  to  be  used  is  moistened  and  in¬ 
serted  into  stopper  D.  By  turning 
A  counterclockwise,  the  liquid  to 
be  pipetted  is  lifted  slightly  above 
the  pipet  mark,  E.  With  the  tip  of 
the  pipet  resting  against  the  side  of 
the  vessel  containing  the  liquid,  A 
is  turned  slowly  clockwise  until  the 
liquid  level  reaches  mark  E.  De¬ 
livery  is  then  effected  by  clockwise 
rotation  of  A.  Any  volume  of 
liquid  from  25  cc.  to  less  than  0.01 
cc.  can  be  accurately  measured. 

A  small-diameter,  knurled  ex¬ 
tension  attached  to  disk  A  may  be 
found  convenient  for  major  adjust¬ 
ments,  and  will  considerably  re¬ 
duce  the  time  required  for  operation. 
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NOTES  ON  ANALYTICAL  PROCEDURES 


Substitute  for  Benzene  in  the  Determination  of 

Acid  Numbers 

P.  L.  GORDON,  M.  A.  GILDON,  and  F.  L.  RUBIN 
Capitol  Paint  &  Varnish  Works,  Inc.,  Brooklyn,  N.  Y. 


The  aromatic  petroleum  solvent  Solvesso  No.  1  is 
submitted  as  a  substitute  for  benzene  in  acid  num¬ 
ber  determinations  on  oils,  resins,  and  related 
products.  The  physical  properties  of  the  two  sol¬ 
vents  are  tabulated  and  a  comparison  is  presented 
of  their  action  as  solvents  in  the  acid  number  titra¬ 
tion  of  several  paint  vehicle  ingredients. 


IN  THE  determination  of  the  acid  number  of  oils,  resins,  and 
varnishes  as  outlined  in  the  A.  S.  T.  M.  standards  on  paint, 
varnish,  lacquer,  and  related  products,  the  customary  solvent  is  a 
mixture  of  c.  p.  benzene  and  95  per  cent  ethyl  alcohol  (1).  Es¬ 
sentially,  the  procedure  involves  the  titration  of  free  acid  with 
standardized  alcoholic  potassium  hydroxide  using  phenol- 
phthalein  as  indicator,  and  the  results  are  reported  as  milli¬ 
grams  of  potassium  hydroxide  per  gram  of  oil,  resin,  or  varnish. 

The  authors’  laboratory  has  frequent  occasion  to  run  acid 
number  tests,  and  had  standardized  on  a  mixture  of  equal  parts 


Table  I.  Physical  Properties  of  c.  p.  Benzene  and 
Solvesso  No.  1 


Specific  gravity 
Boiling  range 

Kauri-butanol  value 
Mixed  aniline  point 


c.  p.  Benzene 


Solvesso  No.  1 


0.884 

80-80.5°  C. 
120 

7.3°  C. 


0.815 

93.3-135°  C. 

90%  off  at  118.8°  C. 
72.5 
26.7°  C. 


Table  II.  Acid  Number  Determination  Using  Solvent 
Mixtures 


Sample 

Oils 

Raw  linseed  oil 

Bodied  linseed  oil,  high  acid 

Resins 

Gum  rosin 
Limed  wood  rosin 
Maleic  resin 
Alkyd  resin 
Ester  gum 
Run  kauri 
Run  East  India 
Manila 

Coumarone-indene  resin 


Solvent  Mixture 


A 

B 

C 

3.8 

3.8 

3.8 

19.1° 

19.2“ 

19.2 

168 

170 

169 

81.0 

82.3 

81.1 

14.5 

14.5 

14.5 

14.7 

14.6 

14.7 

7.9 

8.0 

8.0 

108 

107 

107 

16.5 

16.7 

16.7 

123“ 

123“ 

124“ 

Neutral 

Neutral 

Neutral 

17.0“ 

17.0“ 

16.9 

2.9 

2.8 

2.8 

9.7 

9.6 

9.7 

Varnishes 

Limed  wood  rosin 
Linseed  oil,  50  gallon  oil  length 
Ester  gum— linseed  oil,  20  gallon  oil  length 
Phenol  formaldehyde— tung  oil-linseed  oil,  25 
gallon  oil  length 


“  These  samples  yielded  cloudy  solutions. 


of  c.  P.  benzene  and  denatured  anhydrous  ethyl  alcohol.  Owing 
to  the  exigencies  of  war,  it  was  found  advisable  to  secure  a  sub¬ 
stitute  for  the  benzene. 

A  study  of  the  literature  disclosed  that  a  number  of  other 
solvents  and  solvent  combinations  had  been  investigated. 
Methyl,  isopropyl,  and  amyl  alcohols  were  substituted  for  ethyl 
alcohol  (2,  4,  6) ;  however,  these  substitutions  did  not  eliminate 
the  necessity  of  using  benzene  to  ensure  a  suitable  range  of 
solubility.  Ether  and  chloroform  ( 3 ,  4)  were  suggested  in  com¬ 
bination  with  ethyl  alcohol,  but  the  investigation  covered  a 
narrow  range  of  materials  and  did  not  indicate  their  usefulness 
in  the  case  of  synthetic  resins  and  natural  gums. 

Because  of  its  availability  and  physical  properties,  the  solvent 
selected  for  examination  was  the  aromatic  petroleum  product, 
Solvesso  No.  1,  supplied  by  the  Colonial  Beacon  Oil  Co.  (5).  A 
comparison  of  its  physical  and  solvency  characteristics  with  those 
of  c.  p.  benzene  is  presented  in  Table  I.  Common  paint  vehicle 
ingredients  were  checked  for  acid  number  in  the  following 
solvent  mixtures  (results  are  given  in  Table  II) : 

A.  50%  c.  P.  benzene 

50%  denatured  anhydrous  alcohol 

B.  50%  Solvesso  No.  1 

50%  denatured  anhydrous  alcohol 

C.  66.6%  Solvesso  No.  1 

33.3%  denatured  anhydrous  alcohol 

The  mixture  of  2  parts  of  Solvesso  No.  1  to  1  part  of  denatured 
anhydrous  ethyl  alcohol  proved  to  be  an  effective  solvent  for  the 
materials  commonly  checked  for  acid  number.  In  the  case  of 
heavy  bodied  linseed  oil,  the  standard  benzene-alcohol  mixture 
turned  extremely  cloudy  during  titration,  while  mixture  C  main¬ 
tained  a  clear  solution  throughout  the  titration,  permitting  a 
more  rapid  introduction  of  potassium  hydroxide  solution  and 
yielding  a  sharper  end  point.  In  all  determinations,  no  inter¬ 
ference  could  be  detected  with  either  the  titration  or  the  end 
point,  and  it  is  concluded  that  the  Solvesso  No.  1-alcohol  com¬ 
bination  is  a  satisfactory  substitute  for  the  benzene-alcohol 
standard. 
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Sintered  Pyrex  and  Soft  Glass  Sections 
in  Tubes  and  Crucibles 

G.  N.  QUAM  AND  JOHANNA  HENN1 
Long  Island  University,  Brooklyn,  N.  Y. 


SINCE  the  report  on  porcelain  filter  mats  {10)  and  Pyrex 
filter  mats  {11),  many  contributions  have  appeared  on  the 
construction  and  use  of  Pyrex  sintered  ware.  In  general  the 
procedures  suggested  have  involved  sealing  in  place  a  prepared 
and  shaped  disk  of  sintered  Pyrex,  porcelain,  or  Alundum  under 
controlled  heating  in  a  furnace  {1,  2,  S,  5,  7,  8).  In  others  the 
sintered-glass  sections  are  prepared  in  tubes  in  open  flames 
(4,  6,  9). 

The  reason  for  so  many  contributions  is  no  doubt  the  efficiency 
and  ease  of  use  of  sintered-glass  or  porcelain  ware  in  gas  dis¬ 
persers,  gas  wash  bottles,  mercury  filters  and  valves,  stills, 
absorbers,  extraction  thimbles,  filters  for  fine  precipitates,  and 
aerators. 

The  advantages  of  construction  of  a  sintered  mat  directly  in 
the  tube  or  crucible  in  one  operation  have  been  demonstrated 
by  the  senior  author.  The  graded  glass  may  be  packed  in  any 
part  of  the  tube  and  sintered  in  place.  The  authors  have  not 
observed  any  reference  to  their  method  and  therefore  add  this 
report  on  procedure  and  technique  for  the  benefit  of  those  who 
wish  to  construct  their  own  apparatus  for  preliminary  or  ex¬ 
ploratory  observations. 

Preparation 

The  glass  was  ground  in  a  steel  mortar  and  graded  by  means 
of  a  set  of  sieves,  10-  to  200-mesh.  The  graded  glass  was  treated 
with  6  N  hydrochloric  acid,  washed,  and  dried.  For  the  first 
heating  the  mat  was  prepared  by  placing  an  asbestos  disk  at  the 
lower  level  and  holding  it  in  place  by  fine  asbestos  fiber  packed 
from  below.  The  graded  glass  was  poured  on  to  the  desired 
thickness.  For  the  construction  of  a  filter  mat  this  first  layer 
consisted  of  a  mixture  of  40  per  cent  of  40-mesh,  35  per  cent  of 
80-mesh,  and  25  per  cent  of  120-mesh.  The  mat  was  wetted 
with  a  few  drops  of  N  sodium  hydroxide  (sodium  silicate  solution, 
specific  gravity  1.036,  also  served  as  a  suitable  flux).  Without 
the  flux  many  mats  failed  to  fuse  uniformly  to  the  wall  of  the  tube 
or  crucible.  After  this  sturdy  mat  had  been  sintered  in  place, 
the  process  of  controlling  porosity  followed.  The  finer  grades 
(130-  to  200-mesh)  were  kept  suspended  in  the  diluted  fluxing 
solution  and  pulled  into  the  interstices  by  suction,  thus  building 
up  an  effective  filter  bed.  The  smaller  particles  were  then 
sintered. 

Control  of  Sintering  Process 

The  approximate  temperature  or  cone  number  required  for 
sintering  was  determined  with  cones  made  from  the  glass  by 
drawing  a  short  section  of  tubing  to  a  point.  These  glass 
“cones”  were  placed  in  the  furnace  along  with  a  selected  series 
of  pyrometric  cones,  or  a  thermocouple.  The  approximate 
temperature  at  which  the  glass  would  sinter  was  thus  determined 
in  terms  of  cone  number  or  thermocouple  range.  For  the  work 
reported  here  cone  No.  0.020  was  found  suitable  for  the  soft 
glass  and  cone  No.  0.015  for  the  Pyrex,  while  625°  C.  (thermo¬ 
couple)  was  suitable  for  the  soft  glass  and  745°  C.  for  Pyrex. 

The  glassware  was  made  ready  for  the  furnace  by  packing 
the  glass  tubes  or  crucibles  in  fire-clay  crucibles  with  fine  asbestos 
fiber.  Distortion  was  reduced  to  a  minimum  by  maintaining 
the  tubes  in  a  vertical  position  by  loose  uniform  packing.  Sturdy 
sintered  mats  were  obtained  with  soft  glass  when  the  temperature 
was  allowed  to  rise  slowly  to  625°  C.  and  held  there  for  15 


1  Present  address,  Iowa  State  College,  Ames,  Iowa. 


minutes  and  with  Pyrex  when  the  temperature  was  held  at 
745°  C.  for  25  minutes. 


Cleaning  of  Sintered  Mats 

The  sintered  mats  were  washed  with  water,  dried,  and  weighed 
(weight  A,  Table  I).  Any  soluble  substances  remaining  from 
the  sodium  hydroxide  or  sodium  silicate  treatment  were  extracted 
with  6  N  hydrochloric  acid  in  the  following  manner:  The  mat 
was  placed  in  the  acid  for  24  hours,  then  washed,  dried,  and 
weighed  (weight  B,  Table  I) ;  the  process  was  repeated  to  deter¬ 
mine  further  loss  (weight  C). 

Pressing  the  mats  with  a  stirring  rod  indicated  no  apparent 
loss  in  sturdiness  from  the  acid  extraction.  Walls  of  split  mats 
examined  under  a  low-power  microscope,  equipped  with  an 
illuminator,  showed  that  the  porosity  was  uniform  and  that  the 
structure  was  continuous. 

The  method  of  preparing  built-in  sintered  mats  has  been 
successful  for  a  wide  variety  of  grades  of  powdered  glass.  Sec¬ 
tions  limited  by  the  size  of  muffle  of  the  furnace  can  be  joined 
to  larger  pieces  of  glass.  The  coarser  grades  can  be  heated  to 
slightly  higher  temperature  with  resulting  increase  in  sturdiness. 
The  authors  suggest  this  method  only  as  a  device  for  preparing 
sintered-glass  mats  during  exploratory  experimentation  in 
regular  laboratory  procedure  or  research.  The  amateur  glass 
worker  should  rely  on  experts  for  the  construction  of  permanent 
glass  equipment  of  special  design. 


Table  I.  Weight  Losses  from  Hydrochloric  Acid 
Treatment 


Thickness 

of  Mat 

Weight  A 

Weight  B 

Loss 

Weight  C 

Loss 

Cm. 

Grams 

Grams 

Mg. 

Grams 

Mg. 

Soft  glass 

1.0 

8.5895 

8.5852 

4.3 

8.5852 

0.0 

0.9 

6.9514 

6.9482 

3.2 

6.9483 

-0.1 

1.0 

8.3727 

8.3692 

3.5 

8.3692 

0.0 

1.1 

7.6223 

7.6193 

3.0 

7.6195 

-0.2 

Pyrex 

0.7 

6.3704 

6.3690 

1.4 

6.3690 

0.0 

0.5 

5.8145 

5.8131 

1.4 

5.8130 

0.1 

0.7 

4.8661 

4.8647 

1.4 

4.8648 

-0.1 

1.0 

8.1299 

8.1278 

2.1 

8.1277 

0.1 
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The  Use  of  Filter  Paper  Disks  with  Gooch  and  Porous-Type 

Crucibles  in  Routine  Filtrations 


J.  M.  FULTZ,  Froehling  &  Robertson,  Inc.,  Richmond,  Va. 


THE  acute  shortage  of  Gooch-grade  asbestos  fiber  has  made  it 
necessary  for  all  laboratories  to  devise  means  for  conserving 
their  diminishing  supply,  or  to  turn  to  other  less  satisfactory 
means  of  quantitative  filtration.  The  following  procedure  has 
proved  of  value  as  a  time-saver  and  as  a  means  of  conserving  as¬ 
bestos  fiber,  especially  when  routine  filtrations  of  precipitates 
such  as  barium  sulfate  or  magnesium  pyrophosphate  are  in 
order. 


Where  a  limited  supply  of  asbestos  is  still  available,  a  Gooch 
crucible  is  made  up  in  the  ordinary  manner,  ignited,  cooled,  and 
weighed.  Just  before  filtering,  a  filter  paper  disk  (24  mm.  m 
diameter  for  30-ml.  crucibles)  is  placed  on  the  mat  in  the  crucible 
and  washed  once  with  distilled  water  to  secure  it  as  firmly  as 
possible  against  the  mat.  [Carl  Schleicher  &  Sp^uell  C  . 
No  895-E  ashless  filter  mats  have  proved  very  satisfactory  lor 
the  use  described.]  The  filtration  is  then  carried  out  in  the 
usual  manner,  and  the  crucible  is  ignited,  cooled,  and  weighed. 
Immediately  after  weighing,  the  precipitate  is  removed  me¬ 
chanically,  and  the  crucible  is  reweighed  and  thus  is  immediately 

ready  for  reuse.  .  ,  .  ,  ,, 

To  remove  the  precipitate,  the  crucible  is  inverted  and  gently 
tapped.  Most  of  the  nonadhering  precipitate  will  drop  out, 
since  the  filter  paper  disk  prevents  the  adherence  of  the  pre¬ 
cipitate  to  the  filter  mat,  whether  it  be  asbestos,  fritted  glass, 
or  porcelain.  Should  any  precipitate  adhere,  after  it  is  gently 


loosened  with  the  aid  of  a  spatula,  it  can  be  brushed  out  with  a 
camel’s-hair  balance  brush. 

The  procedure  with  modifications  has  been  applied  with  equal 
satisfaction  in  the  use  of  the  porous-type  filtering  crucible  and  the 
time  saved  in  cleaning  has  been  considerable.  In  using  this  type 
of  crucible  the  filter  paper  disk  (24  mm.  in  diameter  for  30-ml. 
crucibles)  is  inserted  just  before  filtering  and,  as  with  the  Gooch 
crucible,  the  precipitate  is  removed  mechanically  just  after 
weighing.  The  crucible  is  then  reweighed  and  ready  for  reuse. 

The  success  of  the  use  of  the  filter  paper  disks  seems  to  be 
brought  about  by  the  following  action  during  ignition  within  the 
crucible.  The  paper  prevents  adherence  of  the  ignited  precipi¬ 
tate  to  the  asbestos  mat  or  to  the  filtering  medium  of  the  porous- 
type  crucible  by  the  expulsion  of  the  volatile  organic  matter  dur¬ 
ing  the  combustion.  It  also  prevents  the  clogging  of  the  asbestos 
mat  or  the  filtering  medium  by  the  material  being  filtered. 

The  procedure  can  be  used  for  any  ignited  precipitate,  whether 
it  be  capable  of  removal  by  solution  or  not.  The  removal  of  most 
filtered  solids  by  solution  is  time-consuming,  and  doubtful  as  to 
completeness.  The  method  described  provides  a  crucible, 
weighed  and  ready  for  another  filtration  in  very  short  order,  with 
no  impairment  to  the  filter  mat  by  occlusions. 


Electric  Heating  Unit 

GABOR  B.  LEVY,  Schenley  Research  Institute,  Lawrenceburg,  Ind. 


IT  IS  frequently  necessary  to  provide  apparatus  with  a  bath 
containing  boiling  water  in  order  to  maintain  a  temperature 
of  approximately  100°  C.  In  order 
to  heat  up  and  maintain  the  liquid 
at  the  boiling  point,  an  electric 
heater  can  be  used  to  advantage. 

Since  it  is  rather  difficult,  at 
present,  to  procure  suitable  heaters, 
the  construction  of  a  heating  unit  in 
the  laboratory  may  often  become 
imperative.  A  simple  electrical 
heater  can  be  assembled  from  readily 
available  materials  by  using  the 
liquid  of  the  bath  as  resistance.  In 
such  heaters,  the  rate  of  boiling  is 
controlled  by  the  quantity  of  elec¬ 
trolyte  present,  the  dimensions  and 
distance  of  the  electrodes,  and  the 
voltage  applied.  If  available,  a 
variable  resistance  or  variable  trans¬ 
former  may  therefore  be  included  in 
the  circuit  to  facilitate  control  of 
the  rate  of  heating.  A  heater  can  be 
operated  satisfactorily,  however, 
without  the  use  of  either  of  these  de¬ 
vices.  In  this  case,  the  exact  con¬ 
centration  of  the  electrolyte  for  the 
desired  rate  of  heating  has  to  be 
determined  empirically. 

On  this  basis  a  heating  unit  was 
assembled  as  follows: 


Two  spectroscopic  carbon  rods,  a,  of  5-mm.  diameter  and 
150-mm.  length  are  immersed  in  the  bath  and  rigidly  fixed  at  a 

distance  of  approximately  10  mm. 
by  means  of  a  glass  holder,  b,  as  shown 
in  the  figure. 

The  holder  is  made  by  bending  a 
glass  rod  of  3-mm.  diameter  into 
proper  shape.  The  carbon  rods  are 
passed  through  glass  tubes  which  are 
inserted  into  the  cover,  c,  of  the 
water  bath.  The  leads  of  the  110- 
volt  alternating  current  fine  are 
forced  to  the  carbon  rods  by  means 
of  spiral  springs,  d. 

Approximately  0.01  N  sodium 
chloride  solution  is  used  as  the  elec¬ 
trolyte  solution. 

The  water  bath  itself  is  a  closed 
system,  provided  with  a  reflux  con¬ 
denser. 

In  an  apparatus  for  the  analysis  of 
butadiene  ( 1 )  a  heating  unit  of  the 
above  description  has  been  sub¬ 
stituted  and  in  use  for  several 
months.  The  main  advantages  are 
its  small  space  requirement  and  the 
fact  that  it  can  be  assembled  in  little 
time  and  without  the  use  of  critical 
materials. 
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NEW  LABORATORY  EQUIPMENT 


Plastic  Cover 


Water  Testing  Equipment 


Plastics  has  replaced  another  strategic  metal,  not  only  for  the 
duration  but  also  for  the  postwar  period.  A  gable-type  cover,  de¬ 
vised  for  the  U.  S.  Army  Medical  Corps  serological  bath,  has  the 
advantage  over  the  former  copper  cover  in  being  transparent  as  well 
as  resistant  to  corrosion,  and  having  a  low  coefficient  of  heat  transfer 
which  makes  it  an  excellent  thermal  insulator  to  assist  in  maintaining 
constant  temperature  inside  the  water  bath. 


When  these  covers  were  put  to  use,  moisture  condensed  on  the 
inside,  reached  the  saturation  point,  then  abruptly  ran  down  to  the 
lower  edges  of  the  covers  and  dropped  off  into  the  water  bath,  instead 
of  onto  the  test  tubes,  as  with  metal  covers. 

The  equipment  is  being  used  by  the  Army  for  its  Wassermann  and 
Kahn  tests  with  blood  samples  incubated  at  constant  temperatures 
of  37°  and  56°  C.  Molded  of  polystyrene,  the  cover  was  developed 
by  the  Precision  Scientific  Co.,  1750  North  Springfield  Ave.,  Chicago 
47,  Ill. 


Preliminary  Test  Bomb 


A  test  bomb  has  been  developed  by  the  Ameri¬ 
can  Instrument  Co.,  Silver  Spring,  Md.,  for 
making  preliminary  tests  of  chemical  reactions 
at  high  pressures. 

As  normally  supplied,  the  pressure  seal  is  made 
by  a  copper  gasket,  totally  enclosed  for  safety, 
between  the  head  and  the  mouth  of  the  bomb. 
Screwed  into  a  standard  Aminco  superpressure 
opening  for  0.25-inch  outside  diameter  tubing  in 
the  head  is  a  needle  valve  with  side  outlet  for 
the  same  type  of  construction. 

No  opening  is  normally  supplied  in  the  bottom 
of  the  bomb.  Where  it  is  desired  to  maintain 
flow  within  the  chamber,  the  bomb  can  be  sup¬ 
plied  with  a  standard  connection,  with  plug  to 
seal  the  bottom  opening  when  not  in  use. 

Standard  construction  is  of  high-strength  steel. 
Each  bomb  is  tested  individually  to  15,000 
pounds  per  square  inch  and  is  intended  for  safe 
operation  at  a  maximum  internal  pressure  of 
10,000  pounds  per  square  inch.  Calculated 
bursting  pressure  is  over  40,000  pounds  per 
square  inch.  The  valve  in  the  head  permits 
charging  at  pressures  as  high  as  5000  pounds 
per  square  inch  and  will  seal  the  contents  of  the 
bomb  up  to  the  full  working  pressure  of  10,000 
pounds  per  square  inch. 


A  test  set  for  boiler  water  control  analyses  is  announced  by  W.  H. 
and  L.  D.  Betz,  Gillingham  and  Worth  Sts.,  Frankford,  Philadelphia, 
Penna.  The  set  includes  all  the  necessary  apparatus  and  chemicals 
for  the  determination  of  hardness,  alkalinity,  chloride,  sulfite,  and 
phosphate.  A  special  cabinet  designed  for  use  on  table  or  wall  holds 
apparatus  and  chemicals  in  a  secure  position  and  ready  for  instant  use. 
A  portion  of  the  opened  cabinet  door  forms  a  convenient  acid-re¬ 
sistant  laboratory  work  table  and  a  fluorescent  light  provides  correct 
illumination  for  the  tests. 


Automatic  Pipet 

In  the  automatic  pipet  illustrated,  the  measuring  chamber  is  filled 
(slightly  to  overflowing)  by  tilting  the  flask  to  pouring  position. 
When  the  flask  is  returned  to  vertical,  the  surplus  drains  back,  leaving 
the  chamber  with  an  exactly  predetermined  volume.  Its  content  is 


let  into  the  beaker  by  raising  the  plunger-lever  with  the  thumb  or  by 
engaging  the  ring-hook  with  the  far  rim  of  the  beaker  and  pressing 
downwards.  Dispenser  assemblies  may  be  had  for  pipetted  quanti¬ 
ties  from  5  to  100  cc.,  each  dispenser  operating  with  flasks  holding 
250,  500,  1000,  1500,  or  2000  cc.  Special  combinations  are  also  avail¬ 
able.  The  pipet,  catalog  No.  850,  is  made  by  the  Macalaster  Bicknell 
Co.,  New  Haven,  Conn.,  or  Cambridge,  Mass 


Technique  of  Assaying  Amino  Acids 

The  growing  recognition  of  the  importance  of  the  amino  acids  as 
nutritional  factors  has  raised  the  problem  of  exact  assays,  comparable 
to  those  now  applied  to  vitamins  and  other  such  substances  in  com¬ 
mercial  demand. 

A  rapid  and  practical  technique  of  assay  has  recently  been  worked 
out.  After  considerable  research  work,  the  laboratories  of  the  Wm.  T 
Thompson  Co.,  2727  Hyperion  Ave.,  Los  Angeles  27,  Calif.,  are  h 
position  to  supply  microbiological  assays  of  the  following  amino  acid' 


Z-(+) -Glutamic  acid 

dZ-Leucine 

dZ- Valine 

Z-(  — )  -Tryptophane 


Z-(-) -Cystine 
dZ-Threonine 
dZ-Isoleucine 
dZ-Methionine 


Z-(  — )-Tyrosin 
dZ-Serine 
dZ-Phenylalai 
Z-(  +  )-Argini 
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Acetyl  Determination  in  Carbohydrate  Acetates . 

Aeetylated  Sulfanilamide  Determination . . . 

Acid  Number  Determination.  Solvesso  No.  1  as  Substitute  for  Ben¬ 
zene . . . 

Acids  for  Extraction  of  Ascorbic  Acid . 

Acrolein  Determination  in  Presence  of  Aldehydes . 

Acyl  Groups,  Volatile,  Estimated  in  Cellulose  Esters . 


498 

224 
107 
114 

225 
317 

29 

765 

389 

107 

319 


Carbon  Disulfide  Determination  in,  by  Photometric  Method .  592 

Formaldehyde  Collection  and  Determination  in .  377 

Mustard  Gas  Microdetection  in . .  411 

Sulfur  Dioxide  Determination  in,  with  Automatic  Apparatus .  287 

-Vapor  Mixtures,  Preparation  of .  582 

Alcohols,  Higher,  Iodoform  Microtest  for .  72 

(See  also  Ethanol  and  Isobutanol.) 

Aldehyde  Determination  in  Ethanol. . . . .  577 

Aliphatic  Nitrate  Esters,  Determination  of .  27 

Alizarin.  See  Thorium-Alizarin  Lake. 

Alkali  Bicarbonate.  See  following  item. 

Alkali  Carbonate  Determination  in  Presence  of  Alkali  Bicarbonate. .  38 

Alkali  Determination  in  Glass . . . .  36 

Alkalinity  of  Boiler  Water,  Indicator  for  Volumetric  Determination  of  742 

Alkaloid  Determination  with  Bromothymol  Blue .  492 

Alkoxyl  Determination . .  .  . . . . 24,  433 

Alkylbenzene  Sulfonate  Determination  by  Colorimetric  Method .  254 

Alkyl  Ethers  of  Ethylene  Glycol  Determined .  375 

Alloys 

Babbitt  Metal,  Tellurium  Determination  in .  379 

Brass,  Copper  and  Zinc  Determination  in ..........  . .  520 

of  Lead,  Arsenic,  Antimony,  and  Tin  Determination  in .  626 

of  Magnesium 

Aluminum  Estimation  in .  621 

Silicon  Estimation  in .  618 

Zinc  Estimation  in . .  623 

Nickel-Aluminum,  Reductions  with  Aqueous  Alkali  and .  576 

Tin  Determination  in  Bronze  and  White  Metals .  261 

(See  also  Steel.) 

Alphazurine-Methyl  Red  Sodium  Salt  as  Indicator  for  Alkalinity  of 

Boiler  Water .  742 

Aluminum 

Determination  as  8-Hydroxyquinoline  Derivative  by  Colorimetric 

Method . . . . .  346 

Determination  in  Magnesium  Alloys  with  Basic  Succinates .  621 

Microdetermination  in  Biological  Material. . . .  57 

-Nickel  Alloy  Reductions  with  Aqueous  Alkali  and.  ...... .  576 

Aluminum  Chloride  Catalysts,  Determination  of  Chloride  in .  385 

Amines,  Aliphatic,  Identification  of . 534 

Amino  Nitrogen  Apparatus  for  Insoluble  Proteins. . .  751 

Ammonium  Salts,  Quaternary,  Assay  in  Dilute  Solution .  492 

Aniline,  Water  Determination  in .  322 

Aniline  Point  of  Viscous  Petroleum  Oils .  487 

Antimony  Determination  in  Lead  and  Lead  Alloys .  626 

Antimony,  Polarographic  Characteristics  in  Supporting  Electrolytes.  583 

Antimony  Trichloride  in  Vitamin  A  Determination. . . . 717,  724 

Apparatus,  Microchemical,  Recommended  Specifications  for.  (Cor¬ 
rection,  476) .  230 

Apple  Tissue,  Sugar  Determination  in .  579 

Arsenic 

Determination  in  Lead  and  Lead  Alloys .  626 

Microdetermination  in  Biological  Material .  408 

Polarographic  Characteristics  in  Supporting  Electrolytes .  583 

Semimicrodetermination  in  Sodium  Cacodylate  and  Cacodylic 

Acid . 76 

Ascorbic  Acid.  See  Vitamins. 

Asphalt,  Wax  Determination  in .  478 

Atmosphere.  See  Air. 


BABBITT  METAL,  Tellurium  Determination  in .  379 

Babbitt  Metal,  Tin  Determination  in .  261 

Balance,  Automatic  and  Recording .  46 

Balance,  Micro-,  Reproducibility  of  Weighings  on .  415 

Barcroft-Warburg  Respirometer .  61 

Barium,  Active  Oxygen  Determination  in  Presence  of .  31 

Barium  Sulfate,  Chromate  Coprecipitation  with . .  560 

Bath  at  Constant-Temperature,  Electric  Heating  Unit  for .  767 

Baume- Dextrose  Equivalent  of  Corn  Sirup  and  Corn  Sugar .  193 

( See  also  Specific  Gravity.) 

Bauxite— Aluminum  Chloride  Catalyst,  Chloride  Determination  in.  .  385 


Bearing  Metals,  Tin  Determination  in . 

Beer,  Sulfur  Dioxide  Determination  in . 

Benzene 

—Carbon  Tetrachloride— Acetic  Acid  System,  Analysis  of . 

Determination  in  Presence  of  Cyclohexane . 

Determination  in  Presence  of  Toluene,  Xylene,  and  Other  Sub¬ 
stances . . . . 

and  Nitro  Derivatives,  Photometric  Determination  of . 

Benzene  Sulfonates,  Alkyl,  Colorimetric  Determination  of . 

Benzoin  as  Fluorescent  Microreagent  for  Zinc . 

Biological  Material 

Aluminum  Determination  in . 

Arsenic  Microdetermination  in . 

Formaldehyde  Determination  in . 

Microanalytical  Patterns  in  Study  of . 

Zinc  Microdetermination  in . 

(See  also  kind  of  biological  material.') 

Bismuth 

Determination  as  8-Hydroxyquinoline  Derivative . 

Determination  in  Lead  by  Internal  Electrolysis . 

Polarographic  Characteristics  in  Supporting  Electrolytes . 

Solutions,  Dilute,  Polarographic  Analysis  of . 

Bitumens,  Fluid,  Viscosity  of. . . 235, 

Blood,  Sulfanilamide  Determination  in . 

(See  also  Biological  Material.) 

Boiler  Water.  See  Water. 

Boiling  Point  Determination  of  Organic  Liquids . 

Book  Reviews 

A.  S.  T.  M.  Methods  of  Chemical  Analysis  of  Metals . 

Chemical  Analysis  of  Waters  of  Oklahoma . 

Frontiers  in  Chemistry.  I.  Chemistry  of  Large  Molecules . 

Inorganic  Qualitative  Analysis . . 

Manual  of  Laboratory  Glass-Blowing . 

Methods  for  Tungsten  Analysis . 

Semimicro  Qualitative  Analysis . . . 

Brass,  Copper  and  Zinc  Determination  in . 

Bread,  Thiamine  Determination  in. . . . . 

Brines,  Bromide  Determination  in . 

Briquetting  Press  and  Electrode  Loader  for  Spectroscopy . 

Bromate,  Iodate  Determination  in  Presence  of . 

Bromide  Determination  in  Brines. . . . 

Bromine  Semimicrodetermination  in  Organic  Compounds . 

(See  also  Halogen.) 

Bromothymol  Blue  for  Alkaloid  Determination . 

Bronze,  Tin  Determination  in . 

Butadiene  Determination . . .  :  ■  •  ■■■■  ■  ■■■ 

Butadiene  Polymers.  Unsaturation  Determined  by  Iodine  Chloride 

Addition . . . 

Butane-Isobutane  Analysis . 
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114 

593 

242 

251 

254 

599 

57 

408 

314 

135 

754 


346 

221 

583 

729 

240 

29 


648 

710 

540 

608 

608 

540 

608 

710 

520 

100 

321 

466 

174 

321 

149 

492 

261 

508 

453 

447 


CACODYLIC  ACID,  Arsenic  Semimicrodetermination  in . 

Cadmium,  Polarographic  Characteristics  in  Supporting  Electrolytes. 

Calibration  Apparatus,  Modification  of . . . 

Capillary  Cone  in  Qualitative  Analysis  of  Microgram  Samples . 

Carbohydrate  Acetates,  Acetyl  Determination  in . 

Carbon  Black  Identification . .  •  ■  •  : . 

Carbon  Disulfide  Determination  in  Air . . . 

Carbon  Hydrogen  Microdetermination,  Absorption  Tube  Tares  in .  . 

Carbon  Microdetermination  in  Steel . . 

Carbon  Tetrachloride-Acetic  Acid-Benzene  System,  Analysis  of . 

Carbon  Tetrachloride— Tetrachloroethylene  System,  Analysis  of . 

Carotene.  See  Vitamins. 

Cast  Iron.  See  Iron. 

Catalysts.  Aluminum  Chloride,  Chloride  Determination  in . 

Catalytic  Hydrogenation,  Quantitative,  Apparatus  for . 

Cell,  Electrolytic,  for  Bismuth  Determination  in  Lead . 

Cellulose  Acetate.  See  Carbohydrate  Acetates. 

Cellulose  Esters,  Acyl  Group  Determination  in . .  .  .  . . 

Cellulose  Formals,  Formaldehyde  Semimicrodetermination  in . 

Cenco  Spectrophotometer . ■■. . 

Centrifugal  Method  for  Determination  of  Emulsion  Stability . 

Cerate  Oxidimetry  in  Organic  Determinations . ■  •  •  • 

Cerous  Nitrate  for  Fluorine  Determination  in  Organic  Compounds .  . 

Chlorate,  Iodate  Determination  in  Presence  of . 

Chloride  Determination 

in  Aluminum  Chloride  Catalysts . 

in  Presence  of  Hydrosulfide  and  Sulfide  Ions . 

by  Turbidimetric  Method . 

Chlorine 

Organic,  Determination  in  Air. . . 

Semimicrodetermination  in  Organic  Compounds . 

(See  also  Halogen.) 

Chloroacetic  Acid  Determination  in  Wine . . 

5-Chlorobromamine  Acid  for  Zirconium  Microdetermination . 
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118 

227 
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256 
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224 
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114 
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385 

590 

221 

319 

605 

275 

743 

120 

342 

174 

385 

265 

365 

287 

149 
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73 


Chlorophyll,  Photoelectric  Colorimetry  of . .  .• .  524 

Chromate  Coprecipitation  with  Barium  Sulfate .  560 

Chromatograms,  Colored,  with  Higher  Fatty  Acids .  340 

Chromium  in  Determination  of  Stainless  Steel .  732 

Chromium,  Iron  Determination  in  Presence  of .  387 

Citrus  Foliage,  Sulfur  Residue  Determination  on .  574 

Citrus  Foliage,  Tartar  Emetic  Residue  Determination  on .  37 

Coal,  Bituminous.  Surface  Oxidation  Determination .  566 

Coal,  Volatile  Matter  Microdetermination  of .  359 

Coal-Tar  Residues,  Viscosity  of . 235,  240 

Cobalt 

Determination  as  8-Hydroxyquinoline  Derivative .  346 

Determination  with  o-Nitrosoresorcinol .  310 

Mierodetermination  with  Terpyridyl .  74 

Separation  from  Iron .  26 

Cod  Liver  Oil.  See  Fish  Liver  Oils. 

Coke,  Volatile  Matter  Mierodetermination  of .  359 

Color  Index  of  Petroleum  Products .  367 

Colorimeter,  Photoelectric,  Calibration  of .  524 

Control  Analytical  Methods,  Precision  of .  361 

Copper 

Determination  in  Brass  by  Polarographic  Method .  520 

Determination  in  Cuprous  Oxide  Pigments .  505 

Determination  as  8-Hydroxyquinoline  Derivative .  346 

Determination  with  1,10-Phenanthroline .  116 

Mierodetermination  in  Cast  Iron .  759 

Mierodetermination  with  Dithizone .  649 

Polarographic  Characteristics  in  Supporting  Electrolytes .  583 

Copper  Sulfate,  Anhydrous,  in  Kjeldahl  Nitrogen  Determination _  476 

Corn.  See  Sirup,  Starch,  and  Sugar. 

Corrections . 95,  320,  476 

Correspondence . 378,  736 

Cottonseed  Meal,  Gossypol  Determination  in .  489 

o-Cresol  Determination  in  Phenol  by  Cloud  Point  Method .  159 

Cupric  Acetate  Reagent  for  Sodium .  32 

Cuprous  Oxide  Determination  in  Pigments .  505 

Cyclohexane,  Benzene  Determination  in  Presence  of .  563 


DENSITOMETER,  Photoelectric  Null-Reading,  for  Microanalyses.  144 
Density.  See  Specific  Gravity. 

Deodorizer  for  Fats  and  Oils .  280 

Desiccator,  Vacuum,  for  Organic  Syntheses .  175 

Detergent  Power  of  Lubricating  Oils  in  Engines .  91 

Dextrose  in  Corn  Sirup  and  Corn  Sugar .  193 

2,2'-Diehlorodiethyl  Sulfide  Microdetection  in  Air .  411 

2,2'-Dichlorodiethyl  Sulfide  Reactions  with  Copper  Salts .  360 

Dicyclohexyl  for  Water  Determination  in  Alcohol .  551 

Dicyclopentadiene,  Cryoscopic  Analysis  of .  128 

Diene  Numbers,  Iodine  Absorption  Method  for .  109 

Diliturates  for  Aliphatic  Amine  Identification .  534 

Di-/3-naphthylthiocarbazone  for  Zinc  Extraction .  754 

Distillation 

Apparatus  for  Steam .  596 

Fractional  Microapparatus .  81 

Laboratory  Column .  290 

Molecular 

Apparatus .  417 

for  Small  Charges .  296 

Still .  468 

Vacuum  Equipment  for  Volatile  Solids .  464 

Vacuum  Take-off  Receiver  for  Solids .  90 

Dithizone 

for  Copper  Mierodetermination .  649 

for  Lead  Trace  Estimation .  155 

in  Zinc  Extraction,  Replaced  by  Di-/3-naphthylthiocarbazone .  754 

Drop  Tests,  Spot  Plate  for .  475 

Dumas  Method.  See  Nitrogen. 

EFFUSIOMETER  for  Gas,  Automatic  Type  of .  647 

Egg  Yolk  Content  of  Mayonnaise  and  Salad  Dressing . 281,  595 

Electrode  Loader  for  Spectroscopy .  466 

Electrolysis,  Internal,  Cell  Unit  for .  221 

Emulsions 

Agricultural  Spray  Coatings.  Determination  of  Permeability  to 

Water .  737 

Commercial  Oil  Emulsions,  Analysis  of .  517 

Stability  Determination  of .  743 

End  Point  by  Dead-Stop  Method.  Moisture  Determination .  272 

Enzymes  in  Thiamine  Determination  of  Bread .  100 

Epidermis,  Sodium  Ultramicrodetermination  in .  70 

Equipment . 537,607,  768 

Ester  Determination  in  Ethanol .  577 

Esters.  Aliphatic  Nitrate  Determination .  27 

Ethanol 

Concentration,  Effect  on  Purity  of  Potassium  Chloroplatinate . ...  56 

Ester  and  Aldehyde  Determination  in .  577 

Fermentation  Procedures  for  Production  of .  443 

Water  Estimation  in,  with  Dicyclohexyl .  451 

Ethoxyl  Determination  by  Quantitative  Method .  24 

Ethylene  Glycol-Glycerol-Water,  Physical  Properties  of .  96 

Ethylene  Glycol  Monoalkyl  Ethers,  Determination  of .  375 

Ethylvanillin,  Vanillin  Detection  in.  (Correction,  320) .  268 

Extractor 

Liquid-Liquid,  Continuous  Type  of .  223 

-Percolator  Assembly .  562 

Soxhlet  Apparatus,  Thimble  Supports  for .  122 

Soxhlet  Laboratory  Apparatus .  351 


Fats 

Deodorizer  for .  280 

Saponification  Number  Determination  of .  325 

Spectral  Quantitative  Analyses  of .  1 

Fatty  Acids 

Microextraction  and  Titration .  300 

Separation  by  Chromatographic  Method .  340 

Unsaturated,  Diene  Numbers  of .  109 

Fermentation  Procedures  for  Alcohol .  443 

Fermentation  of  Yeast  for  Sugar  Determination  in  Starch  Hydroly- 

zates .  496 

Ferric  Phytate.  See  Iron  Phytate. 

Ferricyanide  in  Sugar  Analysis .  262 


Ferridipyridyl  Sulfate  for  Vitamin  C  Determinations .  181 

Ferrosilicon,  Silicon  Determination  in,  with  Perchloric  Acid .  131 

Ferrous  Iron.  See  Iron. 

Fertilizers,  Potash  Determination  in . 56,  633 

Films  of  Uniform  Thickness,  Dip  Coater  for .  48 

Filter  Paper  Disks  with  Gooch  and  Porous-Type  Crucibles  in  Routine 

Filtrations .  767 

Filter  Photometry  Studies .  20 

Filtration,  Constant-Pressure  Data  Analysis  in .  269 

Filtration,  Cylinder  for .  392 


Fish  Liver  Oils 

Shark.  Extraction  and  Determination  of  Vitamin  A  and  Oil  with 

Methylene  Chloride .  437 

Vitamin  A  Assay  in .  441 

Vitamin  A  Determination  in .  717 

Vitamins  D  Determination  in .  301 

Flow  Apparatus 

for  Delivery  of  Liquids  at  Low  and  Constant  Rates .  435 

Meter  for  Gases .  349 

Pressure  Regulator .  637 

Regulator  for  Gas  Mixtures .  133 

Fluoride  Determination  in  Waters .  620 

Fluorine  Determination  in  Organic  Compounds  with  Cerous  Nitrate.  342 
( See  also  Halogen.) 

Fluorometry 

Fluorescence  Spectra  Measurement  with  Cenco  Spectrophotometer  275 

Glass  Standards  for  Microanalyses .  658 

Photoelectric  Fluorimeter .  132 

Foam  Measurement  by  Current  Method .  329 

Foods.  See  Vitamins. 

Forceps,  Platinum-Tipped .  350 

Formaldehyde 

Acrolein  Determination  in  Presence  of .  107 

Collection  and  Determination  in  Air .  377 

Combined,  Semimicrodetermination  in  Organic  Compounds  and 

Cellulose  Formals .  605 

Determination  in  Biological  Material .  314 

Formyl  Group  Mierodetermination .  764 

Fractionation.  See  Distillation. 

Furfural  Determination  (Correspondence,  378) .  162 

Fused  Salt  Technique  in  Spectroscopy .  734 


GASES 

Absorption  Apparatus .  498 

Effusiometer,  Automatic .  647 

Flowmeter  for  Rates  of .  349 

Generator .  161 

in  Metals,  Diffusion  Pump  for  Analysis  of .  750 

Mixtures,  Flow  Regulator  for .  133 

Volume  Measurement .  76 

Gasoline,  Tetraethyllead  Determination  in .  499 

Germicidal  Quaternary  Ammonium  Salts,  Assay  of .  492 

Glass 

Alkali  Determination  in .  36 

Ground,  for  Spot  Testing  in  Solvent  Extractions .  282 

Sintered,  in  Tubes  and  Crucibles .  766 

Standards  for  Fluorimetry .  658 

Glycerol  Determination  in  Crude  Glycerol  and  Soap  Lyes .  260 

Glycerol-Ethylene  Glycol-Water  System,  Freezing  Points,  Densities, 

and  Refractive  Indices  of .  96 

Glycol.  See  Ethylene  Glycol. 

Glycolic  Acid  Mierodetermination .  762 

Glyoxylic  Acid  Mierodetermination.  (See  preceding  item.) .  762 

Geld  Detection  in  Plating .  416 

Gossypol  Determination  in  Cottonseed  Meal .  489 

Grain-Shape  Relation  to  Passage  through  Sieves .  153 


HAFNIUM  Concentration.  Preparation  of  Hafnium-Free  Zirconia  512 
Halogen  Determination 

Microchemical  Apparatus  Specifications .  230 

in  Organic  Compounds . 149,  383,  571,  576 

by  Spectrographic  Method .  119 

(See  also  individual  halogen.) 

Heating  Unit,  Electric,  for  Constant-Temperature  Bath .  767 

Heptanes.  See  Paraffins. 

Hershberg  Melting-Point  Apparatus,  Modified .  638 

Hydrocarbon  Purification  by  Recrystallization . 391 

Hydrocarbons  for  Synthetic  Rubber.  Identification,  Analysis,  and 

Control . 83 

Hydrogen  and  Carbon  Mierodetermination .  224 

Hydrogen  Electrode  Half-Cell  as  Anode  in  Polarography .  639 

Hydrogen-Ion  Concentration  of  Textile  Materials .  616 

Hydrogen  Peroxide  Determination  by  Colorimetric  Method .  327 

Hydrogen  Sulfide  Determination  in  Air . .  287 

Hydrogen  Sulfide  Group  of  Ions,  Microanalysis  of .  227 

Hydrogenation,  Catalytic,  Apparatus  for .  590 

Hydrosulfide  Ion,  Chloride  Determination  in  Presence  of .  265 

Hydroxyl  Mierodetermination  of  Organic  Compounds .  225 

8-Hydroxyquinoline 

for  Indium  Determination .  270 

for  Magnesium  Mierodetermination . 412 

for  Magnesium  Mierodetermination  in  Plants  and  Soils .  297 

for  Metal  Determination .  346 


INDENE  Analysis  by  Cryoscopic  Method .  128 

Indium  Determination  by  Colorimetric  Method . .  270 

Infrared  Spectroscopy 

Industrial  Applications .  659 

in  Nitroparaffin  Mixture  Analysis .  609 

of  Synthetic  Rubber  Hydrocarbons .  83 

Ink.  See  Pigments. 

Insecticide.  See  Citrus  Foliage. 

Iodate  Determination  in  Presence  of  Bromate  and  Chlorate .  174 

Iodine 

Absorption  Method  for  Diene  Numbers .  109 

Determination  in  Tetraiodophenolphthalein .  373 

Semimicrodetermination  in  Organic  Compounds .  149 

(See  also  Halogen.) 

Iodine  Number  Determination .  258 

Iodoform  Microtest  for  Higher  Alcohols  and  Ketones .  72 


IRON  ,  •  •  759 

Cast,  Copper  Microdetermination  in. ........  ■  . .  • " 

Determination  as  8-Hydroxyquinoline  Derivative .  dio 

Determination  in  Iron  Phytate. . . •  •  •;.•••:  •  - . 

Determination  in  Presence  of  Chromium  and  Titanium .  uo/ 

Determination  in  Water. . . 

Ferrous,  Determination  of . . . ■■■■ .  4fi4 

Rust  Identification  on  (Correspondence,  736) . 

Separation  from  Cobalt  or  Nickel . 

(See  also  Steel.)  .  .  .  747 

Iron  Phytate,  Iron  Determination  in . .  447 

Isobutane-Butane  Analysis  .  o  c 

Isobutanol  Recovery  in  Thiamine  Determination . 

JONES  REDUCTOR  for  Iron  Determination  in  Presence  of  Chro- 
mium  and  Titanium . 

KERATIN,  Sulfur  Determination  in  Dispersions  of .  15 

Ketones,  Iodoform  Microtest  for . 

Kjeldahl.  See  Nitrogen. 

Lead  .  .  (  qi 

Active  Oxygen  Determination  in  Presence  . . 

Alloys,  Tellurium  Determination  in. ................  •  ■  •  •  • 

Arsenic,  Antimony,  and  Tin  Determination  in  Lead  and  Its  Alloys  626 

Bismuth  Determination  in,  by  Internal  Electrolysis . . 

Polarographic  Characteristics  in  Supporting  Electrolytes .  583 

Trace  Estimation  by  Dithizone.  ....... .  ,  2o 

Linseed  Oils,  Thiocyanogen  Absorption  of .  ,7 

Lipoid  Oxidase  Activity  Determination  . . 

Liquid  Delivery  at  Low  and  Constant  Rates .  „ 

Liauid-Liquid  Extractor,  Continuous . . . ,■■■•,■. .  ™ q 

Lithium  Determination  in  Presence  of  Potassium  and  Sodium .  209 

Lubricating  Oil  Detergency  Evaluated. . .  * 

Lubricating  Oil  Service  Performance  Evaluated . 

MAGNESIUM  D  .  _  .  .  R21 

Alloys,  Aluminum  Estimation  in,  with  Basic  Succinate .  b3i 

Alloys,  Zinc  Estimation  in . .  ,97 

Microdetermination  in  Plants  and  boils .  J12 

Microdetermination  with  Polarograph  . . 

Silicon  Estimation  in  Magnesium  and  Its  Alloys  . . . .  bio 

Manganese  Determination  as  Tndihydrogen  Pyrophosphatomangam-  g 

Manometer,'  Manostat'.'  See  Pressure  Apparatus. 

Mayonnaise,  Egg  Yolk  Content  of. . .  ...  .  ■  •  • .  ’  219 

Melting  Point  Apparatus,  Electrically  Heated.  . 

Melting  Point  Apparatus  of  Hershberg  Modified .  ““ 

Menthol  Determination  in  Peppermint  Oil . 

Mercaptan  Determination  in  Air.  •  •  •  ■  ; . 

Mercuric  Chloride  for  Tin  Determination  . . .  oxo 

Mercury  Microdetermination  in  Organic  Compounds .  auo 

Mercury  Microdetermination  in  Rubber. . . 

Merthiolate,  Mercury  Microdetermination  in . 

^Determination  as  8-Hydroxyquinoline  Derivatives .  346 

Gases  in,  Diffusion  Pump  for  Analysis  of . 

Gold  Detection  in  Plating  . . .  ....  •  ■  ■  •  ■ 

Polarographic  Analysis.  Arsenic,  Antimony,  Bismuth  Tin,  Lead, 

Cadmium,  Zinc,  and  Copper  in  Supporting  Electrolytes .  583 

(See  also  Alloys  and  individual  metal.)  _ 

Methoxyl  Determination  in  Pharmacological  and  Toxicological  Com-  ^ 

Methoxyl  Determination  by  Quantitative  Method...... ...  •••••■  •  •  24 

Methyl  Red  Sodium  Salt-Alphazunne  as  Indicator  for  Alkalinity  of 

Methylaniline  Point  of  Petroleum  Oils - ...  ....  . .  *o< 

Methylene  Chloride  as  Extraction  Solvent  for  Vitamin  A  Oils  .  437 

Microanalytical  Patterns  for  Minerals  and  Biological  Materials .  135 

Microchemistry.  Apparatus  Specifications  Recommended.  (Correc- 

tion,  476) . . .  . ...  .  .  . . 

Microgram  Samples,  Qualitative  Analysis  of . 

Micro vol  for  Gas-Volume  Measurement . . 

Minerals,  Microchemical  Analytical  Patterns  for .  100 

Moisture.  See  Water. 

Molecular  Distillation.  See  Distillation. 

Molecular  Structure  and  Infrared  Spectroscopy .  ooa 

Determination  in  Tungsten  and  Molybdenum  Ores .  310 

Microdetermination  in  Steel  Alloys. . . 

Sodium  Determination  in  Presence  of . .  ...  ■  ■  ■  ■  ■  oiD 

Molybdic  Acid,  Phosphomolybdic  Acid  Preparation  from  Phosphoric 

Acid  and . . . 

Monier-Williams  Method.  See  Sulfur  Dioxide. 

Mustard  Gas.  See  2,2/-Dichlorodiethyl  Sulfide. 

NEPHELOMETRY.  See  Turbidimetry. 

Niacin,  Niacinamide.  See  Vitamins. 

ICKEL 

-Aluminum  Alloy,  Reductions  with  Aqueous  Alkali  and .  576 

Determination  as  8-Hydroxyquinoline  Derivative. . ... ... .  . .  34b 

Determination  in  Stainless  Steel  by  Spectrographic  Method .  732 

Determination  in  Steel  by  Colorimetric  Method .  dud 

Separation  from  Iron. . .. .  D 

Nicotinamide.  See  Vitamins. 

Nicotine  Determination  in  Tobacco . 

Nicotinic  Acid.  See  Vitamins. 

Nitrobarbiturates.  See  Diliturates.  ,  , 

Nitrobenzene  Determination  by  Photometric  Method .  201 

Nitroester  Determination . 

Nitrogen  751 

Amino  Determination  in  Insoluble  Proteins. ... . . . 

Dumas  Nitrogen  Stopcock,  Correction  in  Design  of ........ . .  4 /b 

Kjeldahl  Microdetermination  with  Anhydrous  Copper  Sulfate.  ...  4/0 

Nitroparaffin  Mixtures,  Infrared  Spectroscopy  of ...  . .  buy 

Nitrotoluene  Determination  by  Photometric  Method. .  . .  201 

Nomograph.  Egg  Yolk  in  Mayonnaise  and  Salad  Dressing .  duo 

Nornicotine  Determination  in  Tobacco. ..  . 

Nutrients,  Soluble,  Determination  in  Soil  and  Plant  Extracts .  284 


OCTANES.  See  Paraffins. 

Oils 

Deodorizer  for . 

Determination  in  Feed  and  Boiler  Waters . 

Emulsion  Analysis . 

Fish  Liver.  See  Vitamins. 

Linseed,  Thiocyanogen  Absorption  of. . .  . 

Peppermint,  Methanol  Determination  in. .  .  . . 

Saponification  Number,  Determination  of . 

Thixotropic  Behavior  of . 

Unsaturated,  Diene  Numbers  of . . . 

Vegetable,  Carotene  Determination  in . 

(See  also  Lubricating  Oil  and  Petroleum.) 

Organic  Compounds  . 

Bases,  Identification  by  Optical  Properties  of  Diliturates . . 

Determination  with  Perchlorato-Cerate  anfl  Periodate  Ions  as  Oxi- 

Fluorine  Determination  in,  with  Cerous  Nitrate . 

Formaldehyde  Semimicrodetermination  in . .  .....  •  • 

Halogen  Determination  in.  ...  . . 149,  383,  0/1, 

Hydroxyl  Microdetermination  in . . . 

Liquids,  Boiling-Point  Microdetermination  of . 

Mercury  Microdetermination  in. . . 

Phosphorus  Semimicrodetermination  in . 

Oxalic  Acid  Microdetermination . 

Oxidase,  Lipoid,  Activity  Determination  of. ....  .  . . •••••■■ - 

Oxygen  Active,  Determination  in  Presence  of  Barium  ana  Leaa . 

PAINT  FILMS  of  Uniform  Thickness  Made  by  Dip  Coater . 

(See  also  Pigments.) 

Pantothenic  Acid.  See  Vitamins. 

Paraffins,  Branched-Chain,  Viscosity  of  Solutions  of . 

Paraffins,  Nitro-,  Infrared  Spectroscopy  of . 

Pentanes.  See  Paraffins.  .  _  .  ...  „ 

Perchloric  Acid  for  Silicon  Determination  in  Ferrosilicon . 

Percolator-Extractor  Assembly.. . .■  •  ■ . . . 

Periodate  Oxidimetry  in  Organic  Determinations . 

Petroleum  .  ,  _  .  ...  . 

Hydrocarbons,  Purification  by  Recrystallization . 

Oils,  Viscous,  AT-Methylaniline  Point  of . 

Products  of  Light  Color,  Color  Index  of . 

pH.  See  Hydrogen  Ion. 

1,10-Phenanthroline  for  Copper  Determination. ...  ■■•■■■■  •  . . 

Phenol  o-Cresol  Determination  in,  by  Cloud  Point  Method . 

Phenyl  Mercuric  Acetate,  Mercury  Microdetermination  in  .. .  . 

Phosphomolybdic  Acid  Preparation  from  Molybdic  and  Phosphoric 

Phosphorus  Semimicrodetermination  in  Organic  Compounds . 

Photometer,  Ultraviolet,  for  Solutions . 

Photometry.  Filter  Photometer . 

Phytic  Acid  Salts  of  Iron,  Iron  Determination  in . 

PlComNm!rcial  Cuprous  Oxide,  Copper  and  Cuprous  Oxide  Determina- 

tion  in . •  •  •  •  . . . . 

for  Paint,  Specific  Gravity  Determination  of . . . . 

-Vehicle  Suspensions,  Analysis  of  Thixotropy  of . 

Pipetting  Apparatus  for  Small  Quantities .  ■ 

Pitch,  Coal-Tar,  Viscosity  of . 

Plant  Material 

Ascorbic  Acid  Extraction  from ....  .  . 

Extracts,  Determination  of  Soluble  Nutrients  in . 

Magnesium  Microdetermination  in . 

Tissue,  Carotene  Determination  in .  .  . . 

Tissue,  Microdetermination  of  Twelve  Elements  in. . 

Plasma  Fatty  Acids,  Microextraction  and  Titration  of . 

Plastics,  Commercial,  Identification  Scheme  for . 

(See  also  Resins.) 

Polarograph  y  ,  ,  • 

Hydrogen  Electrode  Half-Cell  as  Anode  in . 

Metal  Analysis  System . 

Salt  Bridge  for...  . . 

Polvmer  Distribution  in  Varnish  Resins .  ................ 

Polymers  of  Butadiene  and  Related  Substances.  Determination  of 

Unsaturation . . . . 

Pork  Products,  Riboflavin  Determination  in . 

Potash  Determination  in  Fertilizers . 00 

Potassium  ,  ,.  .  .. 

Determination  by  Natural  Radioactivity . 

Lithium  Estimation  in  Presence  of. . . . 

SDectrographic  Limit  of  Identification  of. ......  •  . . ’  ’  r 

Potassium*  Chloroplatinate  in  Potash  Determination.  Effect  of 

Ethanol  Concentration  on  Purity . ■■••••  •  ■  . 

Potassium  Periodate,  Alkaline,  as  Reagent  for  Lithium . 

Potentiometry,  Salt  Bridge  for.... . .  ■■  ■■■■ . 

Powder-Density  Determination,  Removal  of  Air  in . 

Powders,  Fused  Salt  Technique  for,  in  Spectroscopy . . . 

Precision  Determination  for  Analytical  Control  Methods . 

Press  for  Briquetting  in  Spectrochemical  Analysis . 

Pressure  Apparatus 

Gage  for  Low  Pressures . .  ........  •••••• . 

Manometer  of  Automatic  Pressure-Regulating  Type . •••••■  • 

Manometric  Apparatus  of  Barcroft-Warburg  for  Microanalyses.  .  . 

Manostat  for  Controlling  Large  Pressure  Range . 

Regulator  of  Bailey  Modified. . . 

Regulator  of  Mercury-Balance  Type . 

Stopcock . 

Protein  .  •  • 

Insoluble,  Amino  Nitrogen  Determination  in . 

Microdetermination  by  Colorimetric  Method.  . . 

Sodium  Chloride  Determination  in  Presence  of .  . 

Sulfur  Separation  and  Determination  in  Keratin  Dispersions . 

Pump,  Diffusion,  for  Analysis  of  Gases  in  Metals. . 

PyHdPinlAcaeUcfAnGhy8derid0e  Rea'ge n t '  f or  Hydroxyl  Microdetermina¬ 
tion  of  Organic  Compounds . 
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QUINHYDRONE, 


Electrolytic  Preparation  of .  284 


RARE  EARTHS,  Analytical  Chemistry  of . . 

Reflection  Spectra  Measured  with  Cenco  Spectrophotometer .  ^/s» 


Resins 

Dark,  Photoelectric-Titration  Apparatus  for .  642 

for  Varnishes,  Polymer  Distribution  in .  711 

Viscosity  of  Solutions  in  Branched-Chain  Paraffins .  484 

(See  also  Plastics.) 

Respirometer,  Micro-,  of  Barcroft-Warburg .  61 

Riboflavin.  See  Vitamins. 

Rubber 

Mercury  Microdetermination  in .  597 

Sulfur  Determination  in  Rubberlike  Materials  and .  164 

Sulfur  Semimicrodetermination  in .  602 

Synthetic,  Infrared  Spectroscopy  of .  83 

Rust  Identification  on  Iron  and  Steel.  (Correspondence,  736) .  464 


SALAD  DRESSING,  Egg  Yolk  Content  of . 281,  595 

Saline  Soil  Solutions,  Semimicroanalysis  of .  393 

Salt  Bridge  for  Polarographic  and  Potentiometric  Measurements. . . .  465 

Salt  Brines,  Bromide  Determination  in .  321 

Saponification  Number  of  Fats  and  Oils .  325 

Serine  Estimation  by  Polarographic  Determination  of  Formaldehyde.  314 
Shark  Liver,  Methylene  Chloride  in  Extraction  and  Determination  of 

Vitamin  A  and  Oil  in .  437 

Sieves,  Relation  of  Shape  to  Grain  Passage  through .  153 

Silicon  Determination  in  Ferrosilicon  by  Perchloric  Acid .  131 

Silicon  Determination  in  Magnesium  and  Magnesium  Alloys .  618 

Silicotungstic  Acid  Determination  of  Nicotine  and  Nornicotine .  740 

Sirup,  Corn,  Baum6-Dextrose  Equivalent  of .  193 

Soap  Lyes,  Glycerol  Determination  in .  260 

Sodium 

Determination  in  Presence  of  Molybdenum .  516 

Lithium  Determination  in  Presence  of .  209 

Microdetermination  by  Colorimetric  Method .  294 

Microdetermination  with  Polarograph .  70 

Reagents  for .  32 

Sodium  Cacodylate,  Arsenic  Semimicrodetermination  in .  76 

Sodium  Chloride  Determination  in  Presence  of  Protein .  439 

Soil 

Extracts,  Determination  of  Soluble  Nutrients  in .  248 

Magnesium  Microdetermination  in .  297 

Solutions,  Saline,  Semimicroanalysis  of .  393 

Solids,  Vacuum  Take-off  Receiver  for .  90 

Solids,  Volatile,  Vacuum  Distillation  Equipment  for .  464 

Solvents 

Chlorinated,  Determination  in  Air .  287 

Extraction  of  Four-Component  Systems .  380 

Extraction,  Ground  Glass  for  Spot  Testing  in .  282 

Vapor-Air  Mixtures,  Preparation  of .  582 

Solvesso  No.  1  in  Acid  Number  Determinations .  765 

Soxhlet  Extractor.  See  Extractors. 

Specific  Gravity  Determinations 

of  Gases  by  Effusiometer .  647 

of  Paint  Pigments .  279 

of  Powders,  Removal  of  Air  in .  578 

of  Starch  Suspensions .  334 

Specifications  for  Microchsmical  Apparatus  Recommended.  (Correc¬ 
tion,  476) .  230 

Spectrography,  Briquetting  Press  and  Electrode  Loader  for .  466 

Spectrometer,  Mass,  as  Analytical  Tool .  541 

Spectrophotometer,  Cenco,  Modification  of .  275 

Spectroscopy,  Fused  Salt  Technique  in .  734 

Spectroscopy,  Infrared.  See  Infrared. 

Spot  Tests,  Plate  for .  475 

Spot  Tests  in  Solvent  Extractions,  Ground  Glass  for .  282 

Spray-Coating  Permeability  to  Water  Vapor  Determined .  737 

Spray  Residue.  See  Citrus  Foliage. 

Stainless  Steel.  See  Steel. 

Starch,  Baum4-Dry  Substance  Tables  for .  334 

Starch  Determination  in  Vegetables  as  Index  to  Maturity .  176 

Starch  Hydrolyzates,  Sugar  Determination  in .  496 

Steam  Distillation  Apparatus .  596 

Steel 

Carbon  Microdetermination  in .  68 

Molybdenum  Microdetection  in .  71 

Nickel  Microdetermination  in .  606 

Rust  Identification  on.  (Correspondence,  736) .  464 

Stainless,  Nickel  and  Chromium  Determination  in .  732 

Stainless,  Spectrographic  Quantitative  Analysis  of .  102 

Stock  Valve,  Modified .  13 

Stopcock  for  Dumas  Nitrogen  Correction  in  Design  of .  476 

Stopcock,  Pressure .  200 

Styrene,  Cryoscopic  Analysis  of .  128 

Sublimation  under  Vacuum . 417,  448 

Succinate,  Basic,  for  Aluminum  Determination  in  Magnesium  Alloys.  621 
Sugar 

Analysis  by  Alkaline  Ferricyanide .  262 

Corn,  Baum4— Dextrose  Equivalent-Dry  Substance  Tables  for.  .  .  .  193 

Determination  in  Apple  Tissue .  579 

Determination  in  Starch  Hydrolyzates .  496 

Sulfa  Drugs 

Sulfanilamide  Determination,  Free  and  Acetylated .  29 

Sulfanilamide  and  Sulfathiazole  Determination  in  Mixtures .  748 

Sulfonamide  Estimation  by  Micromethod . 403,  763 

Sulfide,  Chloride  Determination  in  Presence  of .  265 

Sulfonic  Acid  Determination  with  Quaternary  Ammonium  Salts .  492 

Sulfur 

Apparatus  for  Microdetermination  of .  230 

By-Product,  Determination  of  Water  in .  430 

Compounds  of,  Determination  in  Air .  287 

Determination  on  Citrus  Foliage .  574 

Determination  in  Rubber  and  Rubberlike  Materials .  164 

Protein,  Sulfide,  and  Other  Types  of.  Separation  and  Determina¬ 
tion  in  Keratin  Dispersions .  15 

Semimicrodetermination  in  Rubber .  602 

Sulfur  Dioxide  Determination  in  Air  in  Automatic  Apparatus .  287 

Sulfur  Dioxide  Determination  in  Beer  by  Modified  Monier-Williams 

Method .  129 


TARTAR  EMETIC  Determination  on  Citrus  Foliage .  37 

Tellurium  Determination  in  Lead  and  Tin  Alloys .  379 

Terpyridyl  for  Cobalt  Microdetermination .  74 

Tetrachloroethylene-Carbon  Tetrachloride  System,  Analysis  of .  114 

Tetraethyllead  Determination  in  Gasoline .  499 


Tetraiodophenolphthalein,  Iodine  Determination  in .  373 

Textiles,  pH  Determination  of .  616 

Thermionic  Voltmeter.  See  Voltmeter. 

Thermometers,  Glass,  Suspension  of .  7 

Thermoregulator  of  Vapor  Type .  462 

Thermoregulator  for  Water .  523 

Thiamine.  See  Vitamins. 

Thiochrome  for  Thiamine  Determination  in  Bread .  100 

Thiocyanogen  Absorption  of  Linseed  Oils .  123 

Thixotropy  of  Oils .  424 

Thixotropy  of  Pigment-Vehicle  Suspensions .  201 

Thorium-Alizarin  Lake  for  Fluoride  Determination .  620 

Tin 

Alloys,  Tellurium  Determination  in . _ .  379 

Bolivian  Concentrates,  Composition  and  Analysis  of .  166 

Determination 

in  Babbitt,  White  Metal  Alloys,  and  Bronze .  261 

as  Coating  Weight  on  Tin  Plate .  501 

in  Lead  and  Lead  Alloys .  626 

with  Mercuric  Chloride .  625 

Polarographic  Characteristics  in  Supporting  Electrolytes .  583 

Titanium,  Iron  Determination  in  Presence  of .  387 

Titrometer  of  Dual  Alternating  Current  Type .  337 

Tobacco,  Nicotine  and  Nornicotine  Determination  in .  740 

Toluene,  Benzene  Determination  in  Presence  of .  242 

Toluene  and  Nitro  Derivatives  of,  Photometric  Determination .  251 

Tungsten 

Determination  in  Ores  of  Low  Grade .  652 

Ores,  Molybdenum  Determination  in .  315 

Trace  Determination  by  Spectrochemical  Assay .  79 

Turbidimetry,  Photoelectric  Null-Reading  Microdensitometer  for. .  .  144 


ULTRAVIOLET  PHOTOMETER  for  Solution  Analysis .  277 

Uranyl  Acetate  Reagents  for  Sodium .  32 

Urine.  See  Biological  Material. 

VALVE  Substitute  for  Stopcock .  13 

Vanillin  Detection  in  Ethylvanillin  as  Adulterant.  (Correction,  320)  268 

Van  Slyke  Amino  Nitrogen  Apparatus .  751 

Varnish  Resins.  See  Resins. 

Vegetable  Oils,  Carotene  Determination  in .  266 

Vegetables,  Carotene  Determination  in .  18 

Vegetables,  Starchy.  Determination  of  Starch  as  Index  to  Maturity  176 

Viscometer  of  Rolling-Ball  Type .  212 

Viscosity  of  Coal-Tar  Pitch . . . 235,  240 

Viscosity  of  Solutions  in  Branched-Chain  Paraffins .  484 

Vitamins 

A.  Assay  in  Oils . . . .  441 

A.  Determination  in  Fish  Liver  Oils .  717 

A.  Determination  in  Food  Products .  724 

A.  Determination  in  Shark  Liver  Oil . . .  437 

Ascorbic  Acid  Determination  by  Photometric  Method .  182 

Ascorbic  Acid  Extraction  from  Plant  Materials .  389 

Bj.  Determination  in  Extracts  and  Concentrates .  494 

C.  Chromogenic  Reagent  for .  181 

Carotene 

Determination  in  Plant  Extracts .  714 

Determination  in  Plant  Tissue .  18 

Determination  in  Vegetable  Oils .  266 

Separation  from  Xanthophylls. . .  179 

D.  Determination  in  Fish  Liver  Oils .  301 

Niacin  Differentiation  from  Niacinamide  by  Microchemical 

Method .  355 

Nicotinamide  Mierodetermination  in  Vitamin  Mixtures .  352 

Nicotinic  Acid  Determination  by  Microbiological  Assay . 77,  471 

Pantothenic  Acid  Determination  by  Microbiological  Assay .  654 

Pantothenic  Acid  Stability  Measured  by  Optical  Rotation .  306 

Riboflavin  Determination  in  Pork  Products .  634 

Thiamine  Determination  in  Bread .  100 

Thiamine,  Solvent  Recovery  in  Determination  of .  25 

Yeast  Microbiological  Determination  of. .  141 

Voltmeter  of  Thermionic  Continuous-Reading  Type .  42 

Volumes  of  Gas  Measured  with  Microvol . 76 


WATER 

Alkalinity  Indicator  for  Boiler  Feedwater . 

Determination 

in  Alcohol,  with  Dicyclohexyl . 

in  Aniline  by  Cloud  Point  Method . . 

by^Karl  Fischer  Method,  Dead-Stop  End  Point  for. . . 
byJKarl  Fischer  Method,  Electrometric  Apparatus  for 

in  Sulfur . . . 

Fluoride  Determination  in  Natural  Waters . 

Iron  Determination  in . . 

Oil  Determination  in  Feed  and  Boiler  Waters . 

Wax  Determination  in  Asphalt . 

Wax  Dispersions,  Analysis  of . 

Weighing.  See  Balance. 

White  Metal,  Tin  Determination  in. . . . . . . 

Wine,  Monochloroacetie  Acid  Detection  in . 

Woburn  Iodine  Absorption  Method  for  Diene  Numbers. . . 
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478 

517 

261 

207 

109 


XANTHOPHYLL  Separation  from  Carotenes .  179 

Xylene,  Benzene  Determination  in  Presence  of .  242 


YEAST  Fermentation  for  Sugar  Determination  in  Starch  Hydroly- 

zates . . ;  •  •  •. . .••••. . 

Yeast  Microbiological  Determination  of  Vitamins . 


ZINC 

Benzoin  as  Fluorescent  Microreagent  for . 

Determination  in  Brass  Plate . 

Determination  in  Magnesium  Alloys. . . . . 

Mierodetermination  in  Biological  Material . 

Polarographic  Characteristics  in  Supporting  Electrolytes. .  . 

Zirconia,  Hafnium-Free,  Preparation  of . . • 

Zirconium  Mierodetermination  with  5-Chlorobromamine  Acid 

?b2  * 
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